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n the new millennium, tablets will ac-
count for approximately 80% of all
dosage forms administered to humans.
Tablets already hold a premier position
among all dosage forms. Their ease of
manufacturing, convenience in adminis-
tration, accurate dosing, and improved
stability compared with oral liquids and
semisolids make tablets a popular and ver-
satile dosage form.

A comparison of wet-granulation and
direct-compression methods highlights
the relative complexity of the former. The
disadvantages of wet granulation are a
greater number of processing steps, ad-
dition and removal of solvent (usually
water), and possible stability problems of
thermolabile drugs as well as drugs that
degrade by hydrolysis. These factors add
up to additional expenditure for equip-
ment, material handling, and energy.
Hence, the current trend in the pharma-
ceutical industry is to switch to direct-
compression technology.

To produce tablets that are uniform in
weight and content and that exhibit a cer-
tain degree of mechanical strength, one
needs a mixture of powders that has good
flow properties, a minimum tendency for
segregation, and the ability to be com-
pressed (1). Good flow is required when
using high-speed rotary tablet machines
in which the die cavity remains under a
hopper for milliseconds. During such a
short dwell time, the correct amount of
fill volume should be transferred into the
die with a reproducibility of £5%. The
strength of the tablet may be increased by
using granules of smaller particle size (2).
Hence, critical control of particle-size dis-
tribution is essential in the development
of direct-compression adjuvant.

Spray-dried lactose was the first directly
compressible diluent to be made available
on the market during the early 1960s (3).
Its availability opened up a new avenue in
the field of pharmaceutical tableting and
direct compression. During the past 40
years, the market has flourished with the
availability of specialty adjuvants.

The study presented in this article was
undertaken with the aim to develop a co-
processed, directly compressible multi-
purpose adjuvant that can serve as a dilu-
ent and built-in disintegrant. The method
explored in this study is solvent free and
requires a short processing time (15-25
min). Multifunctionality of the developed
material can reduce the number of pro-
cessing steps when compared with those
required for wet-granulation and con-
ventional direct-compression methods in
which the disintegrant is blended during
a separate step. One such material avail-
able in the international market is Ludi-
press (BASE, Mount Olive, NJ), which con-
tains lactose, povidone, and an insoluble
cross-linked polymer (crospovidone). The
study presented in this article uses
croscarmellose sodium as a disintegrant.

A further objective of this study was to
provide an improved lactose-based adju-
vant in which the lactose was not chemi-
cally treated and that has improved com-
pressibility and flowability relative to
off-the-shelf, commercially available lac-
tose. This study also aimed to provide an
oral solid dosage form for one or more
drugs that is economical to manufacture
and possesses excellent disintegration and
dissolution properties when exposed to
the dissolution medium.

Traditionally, pharmaceutical products
are developed by changing one variable at






Lactose Actual Level

Coded Level

Batch (%) X X X,
LP1 90 PVP 10 -1
LP2 90 PEG 10 0
LP3 90 PVA 10 1
LP4 85 PVP 15 -1
LP5 85 PEG 15 0
LP6 85 PVA 15 1
LP7 80 PVP 20 -1
LP8 80 PEG 20 0
LP9 80 PVA 20 1

Fines Carr’s Index Friability Tensile Strength  DT**

X, (%) (%) (%) (MPa) (min)  Composite Index
-1 23.15 18.38 0.73 1.184 10 64.29
=il 7.23 24.00 0.95 0.638 12 42.04
-1 23.84 22.00 3.21 0.668 3 26.12

0 17.35 16.15 0.68 1.224 11 75.91
0 4.93 24.00 0.93 0.845 16 46.68
0 13.15 18.00 2.96 0.758 5 48.84
1 17.65 16.00 0.59 1.192 14 72.08
1 2.24 20.16 0.78 0.981 20 60.04
1 2191 18.00 1.04 0.813 6 56.08

*Variables: —1, 0, 1; type of polymer (X,) PVP, PEG, PVA; percentage of polymer (X,) 10, 15, 20.

**DT: disintegration time.

Source of Variation Sum of Square
Covariate: polymer %

% Fines 25.709
Carr's index 17.408
Friability 1.025
Tensile strength 0.041
Disintegration time 37.500
Main effect: polymer type

% Fines 432.764
Carr’s index 52.205
Friability 5.365
Tensile strength 0.355
Disintegration time 196.222
Explained

% Fines 458.473
Carr’s index 69.613
Friability 6.39
Tensile strength 0.396
Disintegration time 233.722
Residual

% Fines 73.006
Carr’s index 6.642
Friability 1.822
Tensile strength 0.030
Disintegration time 7.833
Total

% Fines 531.479
Carr’s index 76.255
Friability 8.211
Tensile strength 0.426
Disintegration time 241.556

a time. This method is time consuming
and requires a lot of imaginative effort.
Moreover, it may be difficult to evolve an
ideal process using this classical technique
because the joint effects of independent
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Degree of Mean of
Freedom Square F P
1 25.709 1.761 0.242
1 17.408 13.104 0.015
1 1.025 2.814 0.154
1 0.041 6.772 0.048
1 37.500 23.936 0.005
2 216.382 14.820 0.008
2 26.102 19.649 0.004
2 2.682 7.363 0.032
2 0.177 29.301 0.002
2 98.111 62.624 0.000
3 152.824 10.467 0.014
3 23.204 17.467 0.004
3 2.130 5.846 0.043
3 0.132 21.791 0.003
3 77.907 49.728 0.000
5 14.601
5 1.328
5 0.364
5 0.006
5 1.567
8 66.435
8 9.532
8 1.026
8 0.053
8 30.194

variables are not considered. It is there-
fore essential to understand the complex-
ity of pharmaceutical products by using
established statistical tools such as facto-
rial designs.

The number of experiments required
for these studies depends on the number
of independent variables selected by the
pharmacist. The response(s) (Y)) is/are
measured for each trial and then the sim-
ple linear (Y = b, + b X, + b,X,) or inter-
active (Y = b, + b X, + b X, + b, X X,)
model or second-order model (Y = b, +
b X +bX,+b,XX,+bX?*+bX,?)is
fitted by carrying out multiple linear re-
gression analysis. The reduced equation
— an equation containing only statisti-
cally significant terms — is then used for
graphing response surface plots to visual-
ize the effect of changing variables at a
glance. The optimum point may be iden-
tified from the plot, and a trial may be run
to verify the prediction of optimum re-
sponses. A 3 factorial design was adopted
in this study to gain a deeper insight into
the preparation of coprocessed adjuvants.

Materials and methods

Materials. The following materials were
used as received: lactose monohydrate IP
(Helios Pharmaceuticals, Ahmedabad);
polyethylene glycol 4000 (PEG, Laser
Chemicals, Ahmedabad); polyvinylpyrro-
lidone (PVP K30, Loba Chemie, Bombay);
polyvinyl alcohol (PVA, Laser Chemicals,
Ahmedabad); sodium starch glycolate
(SSG, Cadila Pharmaceuticals, Ahmed-
abad); crospovidone NF (CRP, Polyplas-
done XL, GAF Chemical Corporation,
Wayne, NJ); croscarmellose sodium (CCS,
Ac-Di-Sol, FMC Corp., Philadelphia,
PA); acetaminophen IP (Helios Pharma-
ceuticals); metformin hydrochloride IP
(Unison Pharmaceutical, Ahmedabad);
glycyrrhiza powder (purchased from a local
pharmacy); Cab-O-Sil (Cabot Corpora-
tion, Boston, MA); magnesium stearate






Batch Lactose Disintegrant
(%) Type (%)
LDP1 83 SSG 2
LDP2 83 CRP 2
LDP3 83 CCE 2
LDP4 81 SSG 4
LDP5 81 CRP 4
LDP6 81 CCs 4
LDP7 79 SSG 6
LDP8 79 CRP 6
LDP9 79 CCE 6

Fines Carr’s Index Friability

LX) (%) (%)
=1 10.60 16 0.595

0 =1l 14.58 19 0.559
1 =1 13.94 18 0.558
=1l 0 13.33 17 0.613
0 13.00 19 0.619

0 14.51 20 0.646

1 13.14 18 0.539

1 13.03 19 0.595

1 11.89 18 0.585

Tensile DT** Composite
Strength (MPa) (min) Index
0.920 11 50.27
0.911 9 26.45
0.908 8 37.16
0.935 8 36.61
0.963 5 36.36
0.967 6.5 15.22
1.036 4 62.59
1.088 3 53.36
1.234 4.5 71.17

*Variables: —1, 0, 1; disintegrant type (X;) SSG, CRP, CCS; percentage of disintegrant (X,) 2, 4, 6. All batches contain 15% PVP K30.

**DT: disintegration time.

Coefficient  Fines Carr’s Index
bO 13.114 18.222
(14.038) (19.444)
b, 0.546 0.833
(0.546) (0.833)
b, —0.175 0.333
(—0.175) (0.333)
b3 *% *%
(—0.635) (—1.167)
b4 *% *%
(—0.751) (—0.667)
b5 *% *%
(—1.149) (—0.500)
R2f 0.15 0.41
(0.72) (0.82)

Friability DT Tensile Strength
0.626 5.667 0.996
(0.627) (5.611) (0.947)
0.007 —0.667 0.036
(0.007) (—0.667) (0.036)
0.001 =215 0.103
(0.001) (—2.75) (0.103)
* 1.333 **
(—0.002) (1.333) (0.012)
—0.054 * **
(—0.054) (0.083) (0.0613)
* * 0.0528
(0.021) (0.875) (0.053)
0.67 0.93 0.89
(0.86) (0.98) (0.97)

*Values in parentheses are coefficients of the full model.
**Indicates that the regression coefficient is not significant at « = 0.05.
'R? is the square of the multiple correlation coefficient.

Y = b, + b,X; + b,X, + b.X,2+ b,X,2 + b XX,

IP (Apex Chemicals, Ahmedabad); and talc
IP (Apex Chemicals).

Methods. Selection of polymer as a binder. Lac-
tose monohydrate powder (100 mesh) was
blended with 10, 15, or 20% polymer
(PVP, PEG, or PVA; see Table I batches
LP1-LP9). The powder was heated on a
hot plate (temperature ~115 °C) with
constant stirring and scraping. After 15
min, the mass was allowed to cool to room
temperature and then was passed through
a 44-mesh sieve to break the large ag-
glomerates. The type of polymer (X ) and
percentage of polymer (X,) were selected
as independent variables.

Selection of disintegrant. After a binder and
its suitable concentration were selected,
another nine batches (LDP1-LDP9) were
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prepared according to a 3* full factorial de-
sign. The type of disintegrant (X;) and per-
centage of disintegrant (X,) were selected
as independent variables. The amount and
type of binder, heating conditions, and
heating time were kept constant.

Lactose monohydrate (100 mesh) and
PVP (15%) were blended with 2, 4, or 6%
disintegrant (SSG, CRP, or CCS). The
powder blend was heated on a hot plate
(temperature ~115 °C) with constant stir-
ring and scraping. The remaining proce-
dure is the same as outlined for batches
LD1-LD9.

Preparation of tablets. Tablets containing
agglomerates of LD1-LD9 and LDP1-
LDPY, 2% talc, and 1% magnesium
stearate were compressed on a single-

punch tablet machine (Cadmach Ma-
chinery Private Ltd., Ahmedabad). The
average weight of the tablets was 250 mg.

Evaluation of agglomerates. Percentage of
fines. The agglomerates of the batches were
tapped on a 200-mesh (74 wm) sieve. The
percentage of fines is defined as the per-
centage of the agglomerates passed through
a 200-mesh sieve. The agglomerates were
agitated on a rotap sieve shaker (Interna-
tional Combustion Ltd., London, UK) for
5 min to find the percentage of fines. The
44/200-mesh sieve fraction was used for
further evaluation.

(arr’sindex and angle of repose. The bulk den-
sity was determined as the quotient of
weight to the volume of sample. The
tapped density was determined as the quo-
tient of weight to the volume of sample
after tapping a measuring cylinder 500
times from a height of 2 in. from the bot-
tom of the cylinder. The percent com-
pressibility (Carr’s index) was calculated
as one hundred times the ratio of the dif-
ference between the tapped density and
bulk density to the tapped density (4). The
angle of repose was measured using the
fixed-height funnel method (5).

Evaluation of tablets. Tensile strength. The
dimensions of the tablets were measured
using a micrometer. After 24 h (time for
stress relaxation) of compression, the
crushing strength was determined using
a Monsanto hardness tester (Shital Scien-
tific Industries, Bombay, India). From the
values of the diameter D (cm), thickness
L (cm), and the crushing strength P (kg),
the tensile strength F (MPa) of the tablets
was calculated using Equation 1. The
equation suggested by Armstrong (6) was
simplified by introducing a conversion
factor (7).






Degree of
Freedom

Source of Variation Sum of Square
Covariate: disintegrant %

% Fines 0.184 1
Carr’s index 0.667 1
Friability 0.000 1
Tensile strength 0.064 1
Disintegration time 45.375 1
Main effect: disintegrant type

% Fines 2.596 2
Carr's index 6.889 2
Friability 0.000 2
Tensile strength 0.008 2
Disintegration time 6.222 2
Explained

% Fines 2.780 8
Carr’s index 7.556 8
Friability 0.000 8
Tensile strength 0.072 8
Disintegration time 51.597 8
Residual

% Fines 9.905 5
Carr’s index 4.000 5
Friability 0.009 5
Tensile strength 0.021 5
Disintegration time 4.125 5
Total

% Fines 12.686 8
Carr’s index 11.556 8
Friability 0.009 8
Tensile strength 0.093 8
Disintegration time 55.722 8

Parameters in
Kawakita’s Equation

Parameter in
Kuno’s Equation

Mean of

Square

0.184
0.667
0.000
0.064
45.735

1.298
3.444
0.000
0.004
3.111

0.927
2.519
0.000
0.024
17.199

1.981
0.800
0.002
0.004
0.825

1.586
1.444
0.001
0.012
6.965

F

0.093
0.833
0.005

15.081
55.000

0.655
4.306
0.085
0.956
3.771

0.468
3.148
0.058
5.664

20.847

0.773
0.403
0.949
0.012
0.001

0.559
0.082
0.920
0.445
0.100

0.718
0.124
0.980
0.046
0.003

Parameters in
Heckel Equation

k

Py

1.5557 0.3549 2.817
1.5868 0.6786 1.4732

a b k A
Lactose 0.3831 0.0593 0.00044
LDP9 0.0114 0.2433 0.00019

A B C

Agglomerates of LDP9 (%) 100 99 99
Magnesium stearate (%) - 1 1
Mixing time (min) - 1 1
Compression time (s) 1 1 30
Crushing strength (kg) 10.5 9 9.5
Tensile strength (MPa) 2597 2.089 2.309
Lubricant sensitivity ratio (%) - 0.195 0.111
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99
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1
9
1
0

.659
.361

E
99
1
10
30
10.5
1.956
0.247

' (1]

Friability. Friability was evaluated as the
percentage weight loss of 20 tablets tum-
bled in a friabilator (model EF2, Electro-
lab, Bombay) for 4 min at 25 rpm. The
tablets then were dedusted, and the loss
in weight caused by fracture or abrasion
was recorded as percentage friability (8).

Disintegration time. A disintegration test
(model ED2, Electrolab) was performed
on six tablets at 37 °C in 900 mL of dis-
tilled water in accordance with USP 24 (9).

Particle-size distribution. Particle-size dis-
tribution was performed on a random
sample of batch LDP9 using a nest of stan-
dard sieves (60, 70, 100, 120, and 200
mesh). The sieves were agitated on a rotap
sieve shaker (International Combustion
Ltd., London) for 2 min. From the per-
centage weight of agglomerates retained
on each sieve, the mean granule diameter
was calculated (10).

Granular friability index. Agglomerates of
batch LDP9 (10 g) were rotated for 5, 10,
20, 30, 40, 50, and 60 min at 25 rpm in a
friabilator (model EF2, Electrolab). The
samples were evaluated for the particle-
size distribution, and the mean particle
size was calculated. The friability index
(FI) was calculated as the ratio of the mean
particle size of the friabilator-treated ag-
glomerates (FR) to the mean particle size
of the untreated agglomerates (UFR). The
negative natural logarithm of the FI of the
agglomerates was plotted against the time
of rotation in a friabilator. From the value
of slope of the line, a friability rate con-
stant (FRC) was obtained (11,12).

Heckel equation. The compressibility be-
havior of the agglomerates of batch LDP9
and untreated lactose monohydrate was
studied using the Heckel equation (13,14).
Agglomerate—powder (500*5 mg) was
compressed in a hydraulic press (SSP-16
A, Shimadzu Corp., Japan) using a 13-mm
flat-faced punch and matching die at pres-
sures of 1,2, 3,4, 5,and 6 ton for 10 s. The
compacts were stored in an airtight con-
tainer for 24 h to enable elastic recovery
to occur. The weight, diameter, and thick-
ness of the compacts were determined.
The data were processed using the Heckel
equation. The mean yield pressure (P,),
from the reciprocal of k, was obtained by






regression analysis of the linear portion
of the plot

in which k and A are constants, and D and
P are the packing fraction and pressure,
respectively.

The packability was evaluated by tap-
ping the agglomerates in a measuring
cylinder. The data were analyzed using
Kawakita and Ludde’s (15) and Kuno’s
(16) equations, respectively.

(3]

in which a and b are constants, 7 is the tap
number, and V,V,and V, .are the pow-
der bed volumes at initial, after nth tap-
ping, and at equilibrium state, respectively.

pe— P, = (p— pJexp(—kn) (4]
in which p , p_, and p are the apparent
densities at initial state, after nth tapping
(5,10, 15, 20, 25, 50, 75, 100, 200, 300, and
400), and at equilibrium (500th tap), re-
spectively, and k is a constant.

Effect of lubricant. Agglomerates of batch
LDP9 and magnesium stearate were mixed
in 99:1 proportion and compressed into
tablets. The lubricant sensitivity ratio was
evaluated as the ratio between the differ-
ence in tensile strength of an unlubricated
tablet and a lubricated tablet to the ten-
sile strength of an unlubricated tablet (17).

Dilution potential. Dilution potential is the
amount of poorly compressible drug that
can be satisfactorily compressed into a
tablet with a directly compressible adju-
vant. Acetaminophen was taken as a model
drug for the evaluation of dilution po-
tential of the batch LDP9.

Moisture uptake. A 5-g sample from batch
LDP9 was spread uniformly in a 5-cm di-
ameter Petri dish, and the dish was stored
at 75% relative humidity and 45 °Cin a
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Batch

LDP91 LDP92 LDP93 LDP94 LDP95 LACP1
Ingredient
Agglomerates of LDP9 85 75 65 515 45 -
Lactose - - - - - 85
Acetaminophen 10 20 30 40 50 10
Cab-O-Sil 2 2 2 2 2 2
Talc 2 2 2 2 2 2
Magnesium stearate 1 1 1 1 1 1
Parameters
Friability (%) 0.29 042 0.47 0.65 224 2.70
Tensile strength (MPa) 1.66 1.55 1.32 1.00 0.74 0.37
Disintegration time (min) 8 7 5 3 15 2
Batch

Glycyrrhiza Turmeric Acetaminophen Metformin HCI
Ingredient
Drug (mg) 150 150 150 250
Batch LDP9 (mg) 25 325 325 225
Cab-O-Sil (mg) 10 10 10 10
Talc (mg) 10 10 10 10
Magnesium stearate (mg) 5 5 5 5
Parameters
Average weight (mg) 493.3 498 500.5 500.3
Standard deviation (% mg) 4.0 3.4 3.9 4.9
Friability (%) 0.8 0.67 0.74 0.81
Tensile strength (MPa) 0.65 0.72 0.67 0.89
Disintegration time (min) 7 3 1 2.5
Angle of repose (°) 35.5 34.1 33.3 34.0

dessicator. The percentage increase in
weight was noted after 24 h.

Preparation of tablets containing model
drug. To demonstrate the compressibility
and the tableting performance of the
developed multipurpose adjuvant, four
model drugs were selected. Turmeric and
glycyrrhiza are fibrous drugs of herbal ori-
gin. Acetaminophen is a high-dose, poorly
compressible drug. Metformin HCl is a
high-dose, poorly flowing, and hygro-
scopic drug.

Agglomerates of batch LDP9 were
mixed with the model drug, Cab-O-Sil,
and talc for 5 min. The blend was mixed
with magnesium stearate for 1 min. Table
IX shows the composition of batches. The
final mixture was directly tableted on a
Rimek Minipress I rotary tablet machine
using 11-mm diameter flat-faced punches
(Karnawati Engineering Ltd., Ahmeda-
bad). The tablets were evaluated for weight
variation, tensile strength, disintegration
time, friability, and in vitro drug release
(for the synthetic drugs).

In vitro drug release. The in vitro disso-
lution study of acetaminophen tablets was
performed using a USP apparatus (model
TDT-60T, Electrolab) fitted with paddles
(50 rpm) at 37 °C using phosphate buffer
pH 5.8 as a dissolution media. At a pre-
determined time interval 5-mL samples
were withdrawn, filtered through a 0.45-
pm membrane filter, diluted, and assayed
at 243 nm using a UV-vis spectropho-
tometer (model U 2000, Hitachi, Tokyo,
Japan) (18).

The dissolution study for tablets con-
taining metformin HCI was performed
using USP apparatus fitted with paddles
(100 rpm) at 37 °C using phosphate
buffer pH 6.8 as a dissolution media. At
a predetermined time interval, 5-mL
samples were withdrawn, filtered through
a 0.45-pm membrane filter, diluted, and
assayed at 233 nm using a UV-vis spec-
trophotometer (19).

Short-term stability. The formulations
containing metformin HCl and aceta-
minophen were subjected to a short-






Figure 1: Effect of percentage of polymer on percentage of fines.

term stability study. The tablets were kept
in a closed glass container for 3 months
at 45 °C. The tablets then were evaluated
for the pattern of drug release.

Result and discussion

Preliminary trials for the selection of a binder
and its concentration. Besides the other fac-
tors, the type and amount of binder de-
termine the strength of agglomerates.
Hence, nine batches (LP1-LP9) were pre-
pared and evaluated.

Percentage of fines. A powder contain-
ing a high percentage of fines exhibits poor
flow. Table I shows the percentage of fines
for batches LP1-LP9. Batches prepared
with PEG had a lower percentage of fines
than those prepared with PVP or PVA,
most likely a result of more-uniform sur-
face coverage of lactose particles by melted
PEG. The melting point of PEG, PVP, and
PVA is 50-58, 115, and 228 °C, respectively.
The percentage of fines decreased with an
increase in the concentration of PEG. Less
than 20% fines was chosen as an arbitrary
criterion for the selection of a batch.
Batches LP1, LP3, and LP9 did not meet
the selection criterion (see Figure 1).

Carr'sindex. A Carr’s index value be-
tween 5 and 15% indicates an excellent
flow, and a value >23 indicates poor flow
(20). The batches exhibiting a Carr’s index
value <<20 were graded as acceptable prod-
uct. All batches containing PEG (LP2, LP5,
and LP8) and batch LP3 failed to meet the
selection criterion (see Figure 2). The
probable reason for poor flow by ag-
glomerates containing PEG may be the
waxy nature of PEG.

Friability. Excessive friability is undesir-
able because dusting and crumbling of the
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tablets results in at least some loss of ac-
tive ingredient, affects the tablet appear-
ance and consumer appeal, and reduces
the effectiveness of any tablet marking
(21). The friability of tablets decreased
with an increase in polymer concentra-
tion. Tablets containing PVA, as a binder,
exhibited unacceptably high values of fria-
bility (>1%). This may be a result of im-
proper compression or elastic recovery.
The other batches exhibited satisfactory
friability (<1%), probably as a result of
good binding between the melted binder
and the lactose particles (see Figure 3).
Tensile strength. Tablet strength is an im-
portant property for safe transportation
and handling by patients as well as for fin-
ishing the compacts in a coating machine.
Mechanical strength also is measured for
quality assurance during pharmaceutical
production. Insufficiently hard tablets, in
addition to exhibiting the effects of exces-
sive friability, are prone to breakage and
chipping particularly during transporta-
tion. Tensile strength of the tablets in-
creased with an increase in the percentage
of polymer. Tablets containing PVA as a
binder showed tensile strength <0.8 MPa
(see Figure 4). All batches containing PVP
(LP1,LP4,and LP7) exhibited higher ten-
sile strength (>0.85 MPa). The highest ten-
sile strength was exhibited by batch LP4.
Disintegration time. As expected, the dis-
integration time of the tablets increased
with an increase in the polymer percent-
age. Tablets prepared using PVP and PVA
disintegrated in <15 min (see Figure 5).
The effect of an increase in the percent-
age of polymer on the disintegration time
of the tablets containing PVA was less sig-
nificant, which may have been a result of

Figure 2: Effect of percentage of polymer on Carr’s index.

the poor binding property of PVA and
lower tensile strength of the tablets. A sig-
nificant increase was observed in disinte-
gration time (>15 min) for tablets con-
taining 15 or 20% PEG (22).

Batches LP4 and LP7 met the selection
criteria for percentage of fines, Carr’s
index, friability, and disintegration time.

To select the most appropriate binder
and its suitable concentration, a compos-
ite index was calculated, as reported by
M.K. Taylor et al. (23). A composite index
was calculated giving equal weight to per-
centage of fines, Carr’s index, friability,
tensile strength, and disintegration time.
On the basis of the results shown in Table
I, batch LP4 (15% PVP) was selected as
the best batch among the nine batches.

Table II shows the results of analysis of
covariance (ANCOVA) performed for the
dependent variables using type of poly-
mer as a factor and percentage of polymer
as a covariate. If the value of the proba-
bility p is >0.05 for a given response, then
the hypothesis is accepted for the covari-
ate, thereby indicating the absence of a re-
lationship between the covariate and the
response. But if p is <0.05, then a linear
relationship between the covariate and re-
sponse can exist. From this statement and
Table II, one may conclude that the per-
centage of fines and the percent friability
have no relationship with percentage of
polymer; however, Carr’s index, tensile
strength, and disintegration time have a
linear relationship with percentage of
polymer.

Selection of disintegrant. Percentage of fines
and Carr'sindex. All batches (LDP1-LDP9)
exhibited a percentage of fines <15 (see
Figure 6) and a Carr’s index value <20
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Figure 5: Effect of percentage of polymer on disintegration time.

(see Table ITI; Figure 7). The value of Carr’s
index indicates good flowability of the
batches. The result of multiple linear re-
gressions (MLR, R?) reveals poor correla-
tion for both dependable variables (see
Table 1V).

Friability. All batches exhibited quite sat-
isfactory friability (<<0.65%, see Figure 8).
Poor correlation also was observed for fria-
bility values.

Tensile strength. All batches exhibited sat-
isfactory tensile strength (see Figure 9). A
slight increase in tensile strength was
recorded at high levels of disintegrant. This
may be a result of the good compressibil-
ity of superdisintegrant.

Disintegration time. Batches that contained
a high level of disintegrants exhibited a
faster disintegration time than those with
with a low level of disintegrants. Results
of MLR revealed good correlation (R? =
0.93). Faster disintegration was observed
in tablets that contained crospovidone as
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a disintegrant (LDP5 and LDP8) as com-
pared with the tablets that contained
the same percentage of SSG or CCS (see
Figure 10).

From the composite index, batch LDP9
(6% croscarmellose sodium) was selected
as the best batch among the nine batches
(LDP1-LDP9). Interestingly, all batches
that contained a high percentage of dis-
integrant showed higher scores compared
with the batches that contained medium
(4%) and low (2%) levels of disintegrant.

Table V shows the results of ANCOVA
performed for the dependent variables
using type of disintegrant as a factor and
percentage of disintegrant as a covariate.
From these results, one can conclude that
the percentage of fines, Carr’s index, and
percent friability have no relationship, but
the disintegration time and tensile strength
may have a linear relationship with the
percentage of disintegrant.

Particle-size distribution. Figure 11 shows the

q
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Figure 6: Effect of percentage of disintegrant on percentage of fines.

particle-size distribution of batch LDP9.
The mean particle diameter was 267 pm.

Granular friability index. Granule strength
and granular friability are critical factors
because they can affect product quality.
The directly compressible adjuvant is sub-
jected to stress during processing (e.g., dur-
ing mixing and transportation), and fri-
able agglomerates may not produce
acceptable tablets. The granular friability
index can be used as a quality control tool.
After 60 min, the granular friability index
and friability rate constant for batch LDP9
were 0.785 and 0.0037 min~! (see Figure
12). A value for the granular friability index
close to one and the friability rate constant
close to zero indicate that agglomerates are
mechanically strong and have low friabil-
ity against the external abrasion.

Heckel equation. Data obtained over a range
of compression pressure from 1 to 6 ton
were analyzed by applying the Heckel
equation. The yield pressure then was cal-
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Figure 9: Effect of percentage of disintegrant on tensile strength.

culated from the reciprocal of the slope k
of the regression line (see Figure 13).
Heckel reported that the linear portion of
the plot represents the densification process
by particle deformation after interparticle
bonding and that soft, ductile powders
have lower yield pressure. Agglomerates
that have the lowest value undergo plastic
deformation as a result of the rebonding
of primary crystals that are smaller than
those of the original powder (16).

Lactose prominently deforms by frag-
mentation, and PVP is considered to be
elastic in nature. The P_value reflects the
compression characteristic of the mater-
ial: the lesser the value of P, the greater
the tendency toward plastic deformation.
From the data shown in Table VI, one can
conclude that batch LDP9 exhibited plas-
tic deformation compared with untreated
lactose monohydrate as a result of the
presence of PVP (24).
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The packability was ascertained by
comparing the constants 4, b, and k in
Kawakita’s and Kuno’s equations, respec-
tively. The constant a represents the pro-
portion of consolidation as closest pack-
ing is attained. The reciprocals of b and k
represent the packing velocity. The con-
stant a of batch LDP9 was smaller than
that of the untreated lactose powder. This
result indicates that the agglomerates of
LDP9 showed good packing even without
tapping. The larger b value of the LDP9
batch proved that the packing velocity of
the agglomerated crystals (batch LDP9)
by tapping was slower than that of the lac-
tose powder (see Figure 14). The smaller
value of k in Kuno’s equation supports
these findings (see Table VI). The slow
packing velocity corresponds with a pro-
portion of the consolidation of the pow-
der bed per tap. As a result of improved
packability, agglomerates of batch LDP9
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Figure 10: Effect of percentage of disintegrant on disintegration time.

showed improved compression property
compared with that of lactose.

Effect of lubricant. The addition of mag-
nesium stearate decreases the tensile
strength of tablets. It is well known that
prolonged mixing of magnesium stearate
produces film around the agglomerates
and prevents the agglomerates from bind-
ing. This effect is more pronounced in the
case of plastically deforming material than
for material undergoing brittle fracture.
In light of these arguments and from the
data shown in Table VII, one can conclude
that prolonged mixing of magnesium
stearate decreases the tensile strength of
tablets. Lubricant sensitivity ratio is a
quantitative measure to express the sen-
sitivity of material to mixing with a lu-
bricant: the greater the lubricant sensitiv-
ity ratio, the more the susceptibility to mix
with a lubricant. Mixing time exhibits a
greater effect on tensile strength as com-
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Figure 13: Heckel plot for batch LDP9 and lactose monohydrate.

pared with the effect of compression time.
Hence, one may conclude that the ag-
glomerates are sensitive to lubricant.

Dilution potential. Tablets were prepared
using 10-50% acetaminophen (APAP).
The authors arbitrarily decided to select
a batch that showed a friability value <1
and tensile strength >1. From the results
shown in Table VIII, it is quite evident that
40% APAP produces acceptable tablets. As
the percentage of APAP was increased, the
tensile strength decreased. This result
might be caused by the poor compressi-
bility and elastic recovery of APAP, which
also affects the percent friability and dis-
integration time. Untreated lactose did not
yield satisfactory tablets even with 10%
APAP. This result shows that agglomer-
ates of LDP9 exhibited higher compressi-
bility and better binding property than the
other batches.

Moisture uptake. After 24-h storage at
75% relative humidity and 45 °C, ag-
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glomerates of batch LDP9 adsorbed 10%
w/w moisture. This result may be due to
the hygroscopic nature of the PVP.

Evaluation of tablets. From the results
shown in Table IX, one can conclude that
the agglomerates of batch LDP9 exhibited
satisfactory tableting characteristics with
all of the selected model drugs. The model
drug formulations exhibited weight vari-
ations <5%, friability <1%, and disinte-
gration time <10 min. An in vitro disso-
lution study showed that more than 90%
metformin HCI or acetaminophen was re-
leased in 15 min from tablets prepared
using agglomerates of batch LDP9.

Short-term dissolution stability. Tablets
containing metformin HCI and aceta-
minophen were subjected to a short-term
stability study (3 months at 45 °C). The f,
value was >90 for the dissolution profile
of both the tablet formulations before and
after the stability study (see Figure 15)
(25).

Figure 14: Kawakita’s plot for batch LDP9 and lactose monohydrate.

Conclusion

Coprocessed adjuvant is preferred to lac-
tose monohydrate because of its improved
functionality. The commercially available
coprocessed adjuvants are prepared by
spray drying, but spray drying is a cum-
bersome and a relatively expensive proce-
dure. The objective of the study presented
in this article was to develop a multifunc-
tional directly compressible adjuvant using
a simple, solvent-free method. The melt ag-
glomeration process has been found to be
an efficient process that can be explored for
the production of directly compressible ad-
juvants. From the percentage of fines, Carr’s
index, friability, disintegration time, ten-
sile strength, and composite index, the
batch containing 79, 15, and 6 parts lac-
tose, polyvinylpyrrolidone, and croscar-
mellose sodium, respectively, was selected
as the best batch. Heckel analysis showed
that the agglomerates undergo plastic de-
formation when compared with lactose
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Figure 15: Comparitive dissolution profile of acetaminophen and

metformin tablets before and after stability study.

monohydrate. The agglomerates exhibited
satisfactory dilution potential and were
sensitive to high humidity. Hence, the au-
thors recommend that the agglomerates be
stored with protection from high humid-
ity. Tablets prepared using herbal drugs
(glycyrrhiza and turmeric) and synthetic
drugs (metformin HCI and acetamino-
phen) were satisfactory.

In summary, a coprocessed adjuvant
containing lactose, polyvinylpyrrolidone,
and croscarmellose sodium can be used
as a potential multifunctional directly
compressible adjuvant. Clearly from the
results of this study, physical modification
of lactose monohydrate resulted in con-
siderable improvement in its functional-
ity as a directly compressible filler. The
flowability and compressibility of the pre-
pared agglomerates are significantly su-
perior to those of lactose monohydrate.
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