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Evaluation of the mechanical and release properties of lactose and
microcrystalline cellulose and their binary mixtures as directly
compressible excipients in paracetamol tablets.

Olufunke D. Akin-Ajani®, Oluwatoyin A. Odeku and Ololade Olumakinde-Oni

Department of Pharmaceutics & Industrial Pharmacy, Faculty of Pharmacy, University of Ibadan, Ibadan, Nigeria

Received: May 7, 2020, Accepted: June 12, 2020 Original Article

ABSTRACT

Binary mixtures of microcrystalline cellulose MCC (A), and lactose (L) in ratios at 75:25, 50:50, and 25:75% respectively
were prepared. The binary mixtures were subjected to microscopical analysis and density measurements. The mechanical
properties of paracetamol tablets formulated with the above excipients were assessed for tensile strength, bonding capacity
(using the Ryshkewitch-Duckworth relation) and friability, while drug release properties were assessed for disintegration
and dissolution times. The dissolution profiles were fitted into dissolution model equations to determine release mechanism
and similarity of release. Microscopic analysis showed that the lactose particles were large, crystalline, and acicular in shape
whereas the MCC particles were smaller and irregularly shaped. The binary mixtures had particle shape and sizes in between
the parent compounds. The particle size of A25:L75 however, was larger than that of the proprietary brand, Microcelac®.
Bulk and tapped densities increased with increasing amounts of MCC in the binary mixtures while particle density had an
inverse relationship. Tablets containing A75:1.25 had the highest tensile strength and bonding capacity and lowest friability
in comparison to other binary mixtures and Microcelac®. However, tablets containing A75:1.25 did not show supetiority
to Microcelac” in terms of paracetamol release. Its release, however, followed the Korsmeyer-Peppas model indicating a
super case II transport mechanism. Only comparisons of tablet combinations of Lactose: A25:L.75 and MCC: A50:L50
had a similarity factor, f2 >50. Tablets made of A75:L.25 exhibited the highest mechanical and release properties of the
binary mixtures, as directly compressible excipient in comparison to the parent compounds and Microcelac®. This mixture,
AT75:L25 therefore, could be developed for commercial use in tablet formulations.

KEY WORDS: Lactose, microcrystalline cellulose, MCC, binary mixtures, directly compressible excipients, co-processed,
Microcelac®, paracetamol

INTRODUCTION excipients that provide added functionalities to a drug

formulation, or multifunctional excipients that play

Drug delivery systems rely entirely on the inclusion
of appropriate types, grades, and concentrations of
excipients in the drug manufacturing process (1). Such
excipients may include pre-processed and co-processed
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multiple roles in the formulation e.g., Ludipress® that
can function as a directly compressible diluent, binder,
and disintegrant (2). Improving drug formulation by
reducing the investment in excipients is important
as pharmaceutical industries continue to need new
excipients due to the increasing number of new drug
moieties with varying physicochemical properties.
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Excipients with multiple functions are preferred as
several processes are eliminated, thereby improving
efficiency, lowering cost, and reducing production
Additionally, multifunctional and/or highly
functional excipients perform better in high-speed

time.

tableting machines and in direct compression, which
has become the preferred mode of formulating tablets
due to cost-effectiveness and simplicity (3).

Co-processing in the pharmaceutical industry is
defined as the process of combining two or more
existing excipients by an appropriate process resulting
in an excipient with improved properties compared to
the simple physical mixtures of the components with
added value related to the ratio of its functionality or
price (1). Co-processing is a relatively simple process
that involves the physical mixing of two or more
excipients in form of either a homogenous dispersion
or solution followed by co-drying, co-precipitation, or
co-crystallization, resulting in highly functional and
more stable excipients (5). Co-processed excipients
are altered physically without changing their chemical
structures (1), making it possible for new excipients to
be broughtinto the market without undergoing rigorous
safety testing of a completely new chemical (4). The
physical components of the excipients interact at sub-
particulate level to provide a synergy of functionality
improvements resulting in better properties than the
single physical mixtures of their components. For
example, Microcelac® is a proprietary brand of a co-
processed excipient made up of a combination of
microcrystalline cellulose and lactose at the ratio of

25:75%.

In the present study, the functionality of the

combination of the physical mixtures of
microcrystalline cellulose and lactose as directly
compressible excipients is compared to a proprietary
brand of co-processed microcrystalline cellulose and
lactose, that is, Microcelac®. Tableting and drug release
properties of paracetamol tablets prepared with the
binary mixtures were evaluated to determine the effect
of co-processing on the direct compression properties

of the excipients.
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MATERIALS AND METHODS

Materials

The materials used were Microcelac® 100 (Meggle
Excipients and Technology, Wasserburg, Germany),
microcrystalline cellulose (Avicel® PH-101, DuPont
Biopolymer, Newark, DE, USA) and Paracetamol
B.P. (acetaminophen, BDH Chemicals ILtd, Poole,
England). All other reagents were of analytical grade.

Preparation of binary mixtures of the excipients

Batches (100 g) of microcrystalline cellulose (MCC)
and lactose were mixed in proportions of 75:25, 50:50
and 25:75% in a tumble mixer (Forster Equipment
Co. Ltd, Whetstone, Leicester, England) fitted with a
cylindrical container with a capacity of 500 ml, and
rotated at 50 RPM for 10 minutes.

Characterization of excipients

Particle size determination

The particle sizes in the excipients were determined
using an optical microscopy (Olympus model 312545,
Japan) for 100 particles of each excipient and the mean
particle size was calculated. The photomicrographs of
the excipients and their binary mixtures were taken
with TSView® Software (Tucsen Imaging Technology
Co., Ltd. Fujian, China) for imaging at a magnification
100x.

Density determinations

Particle densities of the excipients and binary mixtures
were determined using the liquid pycnometer method
using xylene, a non-solvent, as the displacement fluid

©)-

The bulk densities of the excipients and their binary
mixtures at zero pressure (loose density) were
determined. 10 g of powder was poured at an angle of
45° through a funnel into a glass-measuring cylinder
with a volume of 50 ml.. The relative density (D) was
obtained from the ratio of bulk density to particle
density (7).
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The tapped density was obtained by applying 100 taps
at a standardized rate of 38 taps per minute (British
Standard 1460) to 10 g of the powder sample in a
graduated cylinder. All experiments were carried out
in triplicate.

Properties of flow
The flowability of the excipients was assessed using the

Hausner ratio (Equation 1) and Carr’s index (Equation
2).

Hausner ratio = Tapped density .
Bulk density o
Carr' s indexc = (Tapped density — Bulk density) o s

Tapped density

To determine the angle of repose of the excipients and
their binary mixtures, 10 g was allowed to flow freely
through a funnel under gravity; to form a conical heap.
The angle of repose was calculated using Equation 3:

Tané’:é

- Eq.3
Where, h is the height of the powder in cm and r is
the radius at the base of the cone in cm. The angle
of repose was calculated from the mean of three
determinations.

Preparation of tablets

Paracetamol tablets (500 mg) containing either the
excipients or their binary mixtures were compressed
for a minute using a Carver hydraulic press (Model
C, carver Inc, Menomonee Falls, Wisconsin, US.A),
fitted to a pressure gauge reading up to 2 tonnes.
Before each compression, the punches and die were
lubricated with a 2%"/ dispersion of magnesium
stearate in ethanol:ether (1:1). The tablets formed were
subsequently evaluated after 24 hours.

Evaluation of the tablets
Mechanical properties
The tensile

strength (T) of the tablets was

Original Article

determined by diametral compression using a
DBK hardness tester (DBK Instruments, Mumbai,

India) and calculated wusing Equation 4 (7):
2L
Tensile Strength =—— Ea. 4
8 adt q

t

where, L is the load (MN) that will cause a fracture, and
d and tt are tablet diameter (m) and tablet thickness
(m), respectively.

The bonding capacity, », was obtained using the
Ryshkewitch-Duckworth relation shown in Equation
5 (8-9):

InT=InT, —xe Eq. 5
where, T is tensile strength at zero porosity and e is
tablet porosity (1 — D), D is the relative density.

The percent friability of the tablets was determined
using a friability test apparatus (DBK, Mumbai, India)
at 25 RPM for 4 minutes.

Drug release profile

The disintegration time of the tablets was determined
in distilled water at 37 + 0.5°C using a disintegration
tester (DBK tablet disintegration test apparatus,
Mumbai, India).

The dissolution test was carried out using the USP XX
III basket method rotated at 100 RPM in 900 mL of 0.1
M HCI, maintained at 37 = 0.5°C. Samples (5 mL) were
withdrawn and replaced with equal amounts of fresh
medium at pre-determined time intervals. The sample
was diluted and the amount of paracetamol released
was determined using a UV-visible spectrophotometer
(Spectrum lab  752s  UV-VIS
China) at a wavelength of 249 nm. Determinations

spectrophotometer,
were carried out in triplicate.

The drug release data were fitted into zero-order, first-
order, Higuchi, Korsmeyer-Peppas, Hixson-Crowell,
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and Hopfenberg equations to determine the kinetics
and mechanism of drug release. Values of correlation
coefficient were used to identify the model of best fit.
The similarity factor, f, of the dissolution profiles
of the paracetamol tablets were compared using
DD Solver (Microsoft Excel add-in, Excel, 2010).
Dissolution profiles with values of f, between 50 and
100 showed similarity to identical profiles.

RESULTS AND DISCUSSION
Particle size morphology

The mean particle sizes of the excipients and their
binary mixtures are shown in Figure 1. The mean
particle size for the binary mixtures increased with
increasing lactose. The particle sizes of the binary
mixtures fell between that of the parent compounds.
However, the mean particle size of the binary mixture
A25:1.75 was greater than that of Microcelac®, a co-
processed (spray-dryed) excipient that contained the
same proportion of MCC and lactose.

The photomicrographs of the excipients and their
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binary mixtures are shown in Figure 2. The particles
of lactose were crystalline and acicular while that
of microcrystalline cellulose (MCC) was irregular.
The binary mixtures exhibited both crystalline and
irregularly shaped particles. As the concentration of
lactose increased in the mixture, more crystalline shaped
particles became evident. Particles of Microcelac® were
spherical with irregular surfaces. It has been shown that
irregularity of shape increases mechanical interlocking
of particles which reduces the packing tendencies of
the particles to a minimum such that, in some cases,
the addition of more ovoid-shaped particles like starch
decreases flow and enhances cohesiveness of the
mixtures (10-11).

Density measurement

The particle densities of the excipients and the binary
mixtures are presented in Table 1. Particle density
has been shown to affect the compaction behavior
of powders as dense, hard materials may require
compression pressure to produce cohesive but usually
less friable tablets (12). It is also one of the major
contributors to the differences in packing behavior

20

SN

10

a2

ey

G

0

MCC

o
7]
2
o
©
2

Microcelac

SN

S

A 25/L75

AT75/L25
A 50/ L50

Excipients

Figure 1 Mean particle size of MCC, lactose, their binary mixtures, and Microcelac®.

This Journal is © IPEC-Americas

June 2020

J. Excipients and Food Chem. 11 (2) 2020 45



Table 1 Physico-chemical properties of the excipients

Original Article

Excipients o PARTICLE  BULKDENSITY  TAPPED DENSITY AFE‘ST?S‘EF HAUSNERRATIO  CARR'S INDEX
Lactose (L) 1.222 + 0.000 0.62 +£0.14 0.73+0.12 58.56 + 11.13 1.17 £ 0.06 14.48 + 6.59
A25:L75 1.134 £ 0.022 0.49 £ 0.00 0.66 + 0.00 56.73 £1.20 1.36 £ 0.00 26.40 £ 0.00
A50:L50 1.229 + 0.001 0.43 £ 0.00 0.63 + 0.00 55.83 + 2.84 1.45+0.00 31.20 £ 0.00
A75:L25 1.359 + 0.003 0.38 £0.01 0.52 £ 0.00 51.47 £ 0.00 1.30 £ 0.00 23.20 £ 0.00
MCC (A) 1.488 + 0.006 0.30 £ 0.00 0.40 £ 0.00 56.01 + 0.00 1.33+0.00 24.90 £ 0.00
Microcelac® 1.364 + 0.070 0.46 £ 0.00 0.58 £ 0.00 53.23 £ 0.00 1.26 £ 0.00 20.69 + 0.00

of formulation materials during the various unit
operations of tableting such as, granulation, mixing,
die filling, and compressibility especially at the initial
phase of compression prior to the phases of elasto-
plastic flow (13). Materials with low particle density at
a given pressure would yield more cohesive compacts
than those with higher densities. The particle densities
of the binary mixtures were lower than that of MCC.
This indicated that the mixtures and lactose are more
cohesive than MCC and would readily form tablets at
lower compression pressures. It has also been shown
that particle size affects particle density, as an increase
in particle size results in decreasing particle density (14).

Lactose

This was observed in the results, with MCC having the
lowest particle size and highest particle density while
lactose with the highest particle size also had a low
particle density.

The bulk density of a powder depends primarily on
the particle size distribution, particle shape, and the
tendency of the particles to adhere to one another
(15). While tapped density indicates the rate and extent
of packing that would be experienced by various
unit operations of tableting (16). A high density is
advantageous in tableting because of a reduction in fill
volume of the die (17). Tapped density decreased with

Figure 2 Photomicrographs of the excipients and their binary mixtures (magnification 100x)
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Table 2 Mechanical and release properties of the paracetamol tablet formulations at relative density of 0.90/ potosity of 0.1

TENSILE

DISSOLUTION TIME (MIN)

Lactose (L) 1.500 0.16 3.67

A25:L75 1.050 0.14 6.49 16.8

A50:L50 1.280 0.09 10.26 1.4 47.5

A75:L25 1.900 0.04 10.84 45.0 30.2 50.0
MCC (A) 3.370 0.01 4.76 27.0 39.0

Microcelac® 1.320 0.05 12.63 0.2 21.0 42.2

a decrease in the concentration of lactose in the binary
mixtures. However, tapped density values were all
greater than that of MCC implying a better reduction
in fill volume. Tapped density of A25:L75 was also
higher than that of Microcelac®. The difference
in tapped densities is probably due to differences in
particle size distribution and particle shape, which was
spherical with irregular surfaces for Microcelac® as
seen from the photomicrographs and which is known
to affect the packing arrangement of particles.

Flow properties

The angle of repose, Carr’s index, and Hausner ratio
are also presented in Table 1. The angle of repose
is a derived property and a qualitative measure of
cohesiveness or the tendency of the powdered or
granulated materials to flow, for example, from the
hopper through to the feed frame into the tableting
machine. Generally, the rougher and more irregular
the surface of the particles, the higher the value of
the angle of repose (11). Such uniformity of flow will
minimize weight variations in the tablets produced
(18). The angle of repose of 30° and below is usually
an indication that the powder is free-flowing and the
angle of repose greater than 40° indicates poor flow

(19).

The angle of repose for the excipients ranged between
51 and 59° indicating poor flow properties. In the binary
mixtures, however, the flow seemed to improve with
an increase in the concentration of MCC. Generally,
flow properties can be improved by forming granules
of spherical shape, increasing average particle size, and
the addition of glidants (20).

Carr’s index is a measure of the flowability and
compressibility of a powder (21). The lower the Cart’s
index, the better the flowability (22). Conversely, the
Hausner ratio indicates the degree of densification
that could result from the vibration of the feed
hopper during tableting, with higher values predicting
significant densification of powders while lower values
are suggestive of better flowability (23). A Hausner ratio
of less than 1.25 indicates good flow, values between
1.25 and 1.5 indicate poor flow that adding glidants
would improve flow. However, with values greater
than 1.5 even added glidants would not improve flow.
The binary mixture, A50:L50 had the highest Hausner
ratio and Carr’s index while A75:1.25 had the least
values. This indicates, therefore, that A75:1.25 would
have a better flow than the other binary mixtures. The
Hausner ratio and Cart’s index values for A25:1.75 was
greater than that of Microcelac®, probably due to the
particle shape of Microcelac®, which enabled it readily,
slip past each other. Cart’s index of the excipients
generally indicated good flow.

Mechanical properties

The mechanical properties (tensile strength and
friability) of paracetamol tablets at a relative density
of 0.90, which is representative of commercial tablets,
are presented in Table 2. Tensile strength is the degree
by which prepared tablets can withstand pressure
particularly during production and handling without
chipping or laminating (24). Friability is a measure of
the durability of an uncoated tablet to abrasion, which
forms part of a manufacturer’s specification (25).

The tensile strength of paracetamol tablets containing
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Figure 3 Plots of bonding capacity against concentration of lactose in binary mixtures of lactose and MCC.

binary mixtures increased with an increase in the
concentration of MCC, while for friability decreased.
The pressures employed in tableting would force the
particles into a closer packing, which would increase
the number of contact points, and eventually, lead to
the formation of solid inter-particulate bonds (25-20).
Thus, leading to the formation of tablets with greater
strength that is less friable. Microcelac® had higher
strength and lower friability than A25:1.75. This was
probably due to its smaller particle size and shape,
which would enhance packing and filling of void
spaces, bringing about close contact of particles and
greater bonding.

The bonding capacity, K, obtained from the
Ryshkewitch-Duckworth relation (Equation 5) was
plotted against the concentration of lactose contained
in the binary mixtures and is presented in Figure 3.
Bonding capacity of lactose appeared to have reached
a maximum before the 40% concentration while the
bonding capacity of MCC did not attain maximum
until about 70%. This probably accounts for the tensile

strength of the tablets made of A75:L.25 being the
tablet with the highest concentration of MCC made
from binary mixtures while that of A25:1.75 had the
least strength. It has been shown in a previous study
that bonding capacity generally correlated with tensile
strength (9). The bonding capacity of Microcelac®, at
porosity (€) 0.1 was 12.63, which almost doubled the
value of the binary mixture A25:L.75 (Table 2). thus
indicating that mere mixing may not suffice in achieving
the same functionality as a co-processed excipient.

Release properties

Plots of disintegration time against relative density are
shown in Figure 4. The disintegration of tablets plays a
vital role in the dissolution process since it determines
largely the area of contact between the solid and
liquid (27). Tablet disintegration time generally has
been described as the net outcome of adhesive and
disintegrating forces, which are activated once tablets
are wetted (28). The values of disintegration time
increased with increasing relative density. This could
be due to the reduction in the porosity of the tablets. A

This Journal is © IPEC-Americas

June 2020

J. Excipients and Food Chem. 11 (2) 2020 48



Original Article

45 -
40 4
35 +
£
€30
o
£
=25 + —8—A25:L75
s —&—A50:L50
E 20 + =8—A75:125
g —e—ncC
c
‘e 15 + —8— Microce lac
(m]
10 +
5 +
0 t t * t t |
0.0 0.2 04 0.6 0.8 10 1.2 14
Relative Density (D)

Figure 4 Plots of disintegration time against relative density of MCC, the binary mixtures and Microcelac®

decrease in porosity results in the formation of more
solid bridges, thus making the destruction of the inter
particulate bonds more difficult (29). Paracetamol
tablets containing the Microcelac® disintegrated fastest
while those containing lactose did not disintegrate
within a one-hour period. The reduction in void spaces
as a result of the application of pressure probably
made it difficult for fluid to penetrate the pore spaces
readily.

The type, concentration, and efficiency to function
as a disintegrant, of the excipient used, affects the
dissolution properties of the tablets. The amount of
paracetamol released from the tablets was plotted
against time as shown in Figure 5. The paracetamol
release from tablets prepared with the binary mixture
at a relative density of 0.90 increased with a decrease
in lactose concentration, indicating that paracetamol
tablets containing A75:1.25 released a higher amount
of paracetamol (Table 2). The release of paracetamol
from tablets made with Microcelac® was at a faster
rate than those made with A25:1.75, probably due to

its spray-dried nature. Spray drying has been shown to
confer high solubility and in some cases bioavailability
on powders (30-31). Lactose has also been shown
to release drugs mainly by erosion due to its water
solubility (32). The tablet containing the binary mixture,
AT75:1.25 showed superiority in paracetamol release to
both parent compounds — MCC and lactose, and the
other binary mixtures. Not all tablets, however, released
up to 50% or 80% of paracetamol content within 1
h. Tablets containing A50:L.50, MCC, A75:L.25, and
Microcelac® in descending rank order released up to
50% paracetamol while only those containing A75:1.25
and Microcelac®, also in descending rank order had up
to 80% release within the hour.

The kinetics of drug release are presented in Table 3.
The release mechanism of tablets containing lactose,
A25:1.75, A75:1.25, MCC, and Microcelac® followed
the Korsmeyer-Peppas model, while that containing
A50:L50 followed the Hopfenberg model. This
indicated that paracetamol release from the former
was predominantly by diffusion and erosion while
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Figure 5 Plots of % paracetamol release against time of MCC, lactose, their binary mixtures and Microcelac®

the latter is released predominantly by erosion. Drug
release mechanisms from tablets containing lactose,
MCC, and Microcelac® were anomalous (non-Fickian)
diffusion as n values fell between 0.5 and 1 but for
tablets made of binary mixtures A25:1.75 and A75:1.25
it was Super Case Il transport (relaxation) mechanism.
The n value for tablets prepared from the A50:1.50
mixure that followed the Hopfenberg model indicated

that erosion occurred from a flat surface (33).

The release profile of the paracetamol tablets containing
the different excipients was also compared using the
similarity factor, f2 where values 50 — 100 indicate
similarity to identical profiles. Only combinations of
tablets containing lactose to those containing A25:1.75
and tablets containing MCC to those containing
A50:L50 were found to be comparable (Table 4).

Table 3 Values of correlation coefficient (1%) for the various kinetic dissolution models

MODEL LACTOSE A25:L75 AS50:L50 A75:L25 MCC MICROCELAC®
Zero-order 0.9396 0.9969 0.9976 0.9938 0.9953 0.9712
First-order 0.9620 0.9877 0.9644 0.9127 0.9652 0.9236
Higuchi 0.9118 0.7955 0.8064 0.8007 0.8337 0.8838
Korsmeyer-Peppas 0.9936 0.9977 0.9978 0.9939 0.9971 0.9954
Hixson-Crowell 0.9553 0.9919 0.9800 0.9498 0.9839 0.9637
Hopfenberg 0.9620 0.9975 0.9981 0.9938 0.9970 0.9879
This Journal is © IPEC-Americas June 2020 J. Excipients and Food Chem. 11 (2) 2020 50



Table 4 Values of similarity factor, f,, for various paracetamol

tablets containing various excipient combinations

EXCIPIENTS IN THE PARACETAMOL F,
TABLET

Lactose: MCC 24.41
Lactose: A25:L75 57.54
Lactose: A50:L50 30.47
Lactose: A75:L25 18.31
Lactose: Microcelac® 13.72
MCC: A25:L75 29.48
MCC: A50:L50 54.38
MCC: A75:L25 48.47
MCC: Microcelac® 33.93
Microcelac®: A25:L75 16.61
Microcelac®: A50:L50 26.85
Microcelac®: A75:L25 46.90

CONCLUSIONS

Physical mixtures of excipients did not improve the
functionality of the excipients containing the binary
mixtures compared to the co-processed excipients
prepared by spray-drying. Both mechanical and release
properties of the binary mixture of A25:L75 were
much lower than that of the co-processed excipient
Microcelac®, which contained the same ratio of MCC
and lactose. However, the binary mixture A75:1.25
exhibited the best properties for use as a directly
compressible excipient in terms of its mechanical,
and release properties. Thus, it could be developed
commercially for use in a formulation as a directly
compressible excipient.

CONFLICT OF INTEREST

The authors hereby declare no conflict of interest.

REFERENCES

1 Odeku OA. Advances in pharmaceutical excipient technology.
West African Journal of Pharmacy, 29 (1), 1 — 11, 2018.

Original Article

2 Bohr NJ, Bhusare SE, Kare PT. Multifunctional Excipients:
The Smart Excipients. Int. J. Pure App. Biosci, 2 (5), 144 —
148, 2014.

3 Adeoye O, Alebiowu G. Dimensionless quantities in the

evaluation of novel composite disintegrants. J. Drug Del. Sci.
Tech, 24 (2), 222 — 228, 2014.

4 Gohel MC, Jogoni PD. A review of co-processed directly
compressible excipients. | Pharm pharm sci, 8, 76 — 93, 2005.

5 Chow K, Tong HHY, Lum S, Chow AHL. Engineering of
pharmaceutical materials: an industrial perspective. J. Pharm.
Sci, 97 (8), 2855 — 2977, 2007.

6 Akin-Ajani OD, Itiola OA, Odeku OA. Effect of acid
modification on the material and compaction properties of
fonio and sweet potato starches. Starch/Starke, 66, 749 — 759,
2014.

7 Ajala TO, Akin-Ajani OD, Thuoma-Chidi C, Odeku
OA. Chrysophyllum albidum mucilage as a binding agent in
paracetamol tablet formulations. Journal of Pharmaceutical
Investigation, 46 (6), 565 — 573, 2016. https://doi.
org/10.1007/s40005-016-0266-8.

8 Duckworth WH. Discussion of Ryshkewitch paper by
Winston Duckworth. J. Am. Ceram. Soc., 36, 68, 1953.

9 Dare K, Akin-Ajani DO, Odeku OA, Odusote OM, Itiola
OA. Effects of pigeon pea and plantain starches on the
compressional, mechanical and disintegration properties
of paracetamol tablets. Drug Development & Industrial
Pharmacy, 32 (3), 357 — 365, 2006.

10 Paronen P, Juslin M. Compressional Characteristics of four
starches. Journal of Pharmacy and Pharmacology, 35, 627 —
635, 1983.

11 LiT, PengY, Zhu Z, Zou S, Yin Z. Discrete Element Method
Simulations of the Inter-Particle Contact Parameters for the
Mono-Sized Iron Ore Particles. Material, 10 (520), 1 — 14,
2017. https://doi.org/10.3390/ma10050520

12 Okunlola A, Odeku OA. Compressional Characteristics
and Tableting Properties of Starches Obtained from Four
Dioscorea Species. Farmacia, 57 (6), 756 — 770, 2009.

13 Riley CK, Adebayo SAA. A comparative investigation of the
packing and flow properties of sweet potato (Ipomoea batatas)
starches and their potential uses in solid dosage formulations.
Starch/Starke, 62, 285 — 293, 2010.

14 FEichie FE, Kudehinbu AO, Effect of particle size of granules
on some mechanical properties of paracetamol. African
Journal of Biotechnology, 8 (21), 5913 — 5916, 2009.

15 Martin A. Physical Pharmacy, Fourth ed. Pp. 444 — 448, 2007.

16 Wray PE. The Physics of tablet compression revisited. Drug
Development and Industrial Pharmacy, 18, 627 — 658, 1992.

17 Odeku OA. The compaction of pharmaceutical powders.
Pharmaceutical Reviews 5 (2): http://www.pharmainfo.net/
reviews/compaction-pharmaceutical-powders, 2007.

18 Varthalis S, Pilpel N. Anomalies in Some Properties of

This Journal is © IPEC-Americas

June 2020

J. Excipients and Food Chem. 11 (2) 2020 51



19

20

21

22

23

24

25

26

27

28

29

30

31

32

Powder Mixtures. Journal of Pharmacy and Pharmacology,
28, 415 — 419, 1976.

Adolfson A, Nystrom C. Tablet Strength, Porosity, Elasticity
and Solid State Structure of Tablets Compressed at High
Loads. International Journal of Pharmaceutics, 132, 95 — 100,
1996.

Motin G, Briens L. The Effects of Lubticants on Powder
Flowability =~ for ~ Pharmaceutical ~ Application. ~ AAPS
PharmSciTech, 14 (3), 1158 — 1168, 2013. https://doi.org/10.
1208/512249-013-0007-5

Okunlola A. Design of bilayer tablets using modified
Dioscorea starches as novel excipients for immediate and
sustained release of aceclofenac sodium. Front. Pharmacol.
Pharmaceutical Medicine and Outcomes Research 5, article
294,1—18,2015. https://doi.org/10.3389/fphatr.2014.00294

Carr RL. Evaluating flow properties of solids. Chem. Eng,,
72,163 — 168, 1965.

Hausner HH. Friction conditions in a mass of metal powder.
Int. J. Powder Met, 3, 7 — 13, 1967.

Odeku OA, Patani BO. Evaluation of dika nut mucilage
(Irvingia gabonensis) as a binder in metronidazole tablet
formulations. Pharmaceutical Development and Technology,
10, 439 — 4406, 2005.

Odeku OA, Itiola OA. Evaluation of the effects of khaya
gum on the mechanical and release properties of paracetamol
tablets. Drug Development and Industrial Pharmacy, 29 (3),
311 — 320, 2003.

Itiola OA, Pilpel N. Effects of Interacting Variables on the
Disintegration and Dissolution of Metronidazole Tablets.
Pharmazie, 51, 987 — 989, 1996.

Pilpel N, Otuyemi SO, Kurup TRR. Factors Affecting the
Disintegration and Dissolution of Chloroquine Phosphate/
Starch Tablets. J. Pharm. Pharmacol, 30, 214 — 219, 1978.

Markl D, Zeitler JA. A Review of Disintegration Mechanisms
and Measurement Techniques. Pharm Res, 34, 890 — 917,
2017. https://doi.org/10.1007/s11095-017-2129-z

Bi Y, Yonezawa Y, Sunada H. Rapidly Disintegrating
Prepared by the Wet Compression Method: Mechanism and
Optimization. J. Pharm. Sci, 88 (10), 1004 — 1010, 1999.

Patel BB, Patel JK, Chakraborty S, Shukla D. Revealing facts
behind spray-dried solid dispersion technology used for
solubility enhancement. Saudi Pharmaceutical Journal, 23, 352
— 365, 2015. http://dx.doi.org/10.1016/}.jsps.2013.12.013

Jafari SM, Dehnad D. Influence of spray drying on water
solubility index, apparent density, and anthocyanin content of
pomegranate juice powder. Powder Technology, 311, 59 — 65,
2017. https://doi.org/10.1016/j.powtec.2017.01.070

Tukaram BN, Rajagopalan IV, Shartchandra PSI. The
Effects of Lactose, Microcrystalline Cellulose and Dicalcium
Phosphate on Swelling and Erosion of Compressed HPMC
Matrix Tablets: Texture Analyzer. Iranian Journal of
Pharmaceutical Research, 9 (4), 349 — 358, 2010.

33 Shaikh HK,

Original Article

Kshirsagar RY, Patil SG.
Mathematical models for drug release
characterization: A review. World Journal of Pharmacy and
Pharmaceutical Sciences, 4 (4), 324 — 338, 2015.

This Journal is © IPEC-Americas

June 2020

J. Excipients and Food Chem. 11 (2) 2020 52



