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CHAPTERII

INTRODUCTION

Ora sustained release products are developed in order to enhance safety and
extend of action. These may be of greater importance, especially in long term
treatment. Sustained release products can decrease fluctuation of serum
concentrations, resulting in reduced toxicity and sustained efficacy and also decrease
frequency of dosing, resulting in improved patient compliance, reduced patient care
time, and possibly reduced total amount of drug used. Drugs that are taken on a
chronic or extended basis, such as cardiovascular, arthritic, respiratory, and analgesic
products, often have the most potential for controlled release delivery (Ranade and
Hollinger, 1996). Multiparticulate dosage forms such as matrix or coated pellets,
microtablets or microparticles (microcapsules or microspheres) have gained interests
in oral sustained release formulations. Multiparticulates can be filled into capsules, if
the capsules dissolved, multiparticulates will be wildly dispersed throughout the
gastrointestinal tract. Thus, it is resulting in a more uniform drug absorption and
reduced patient-to-patient variability. The dispersion of multiparticulates aso reduces
therisk of local irritation of gastric mucosa (Kramer and Blume, 1994).

The pellets are one kind of matrix type dosage forms used to achieve sustained
rlease. They are particles of 1-25 mm diameters, which contained various
hydrophobic or hydrophilic materials. However, the pellets are wildly used as
sustained release dosage forms but the pellet production has many drawbacks, which
gives undesirable pellet for sustained release dosage form such as broad size
distribution, the irregularity of shape and/or the surface structure (Rey H. et a., 2000).
Mareover, the solvent in these pracesses affects the porous structure of the products.
The weight of the individual pellet fluctuates greatly. The undesirable characteristics
of pellet are not suitable for producing the effective sustained release dosage forms.
However, these disadvantages properties could be overcome by the microtablets (Pich
C.H.eta., 1989; Ney H. et al., 1991).



Microtablets or minitablets are tablets, which have a diameter and height that
are preferably approximately equal and, independently of another, from 1-3 mm,
preferably 1.5-2.5 mm. Its shape is nearly spherical or cylindrical with a flat or
convex upper and lower side. They are made by ordinary reciprocating or rotary
tabletting machines, using a multiple tooling (Lennartz P. et a., 1998). The
microtablet according to the invention is produced in conventional techniques, which
commonly use to produce the plain tablet. The equipment is similar to that produces
the plain tablets, except the tooling of the tabletting machine. The specia punches and
dies that require precision and mechanical stability must be used. Because the punch
station is equipped with a punch holder that containing many small concave punches
per punch holder. The most awareness factor for producing the microtablets is the
flowability of powder because it affects the properties of microtablets (Lennartz P. et
al., 1998; Rey H. et al., 2000).

The characteristics of microtablets are better than the pellets such as narrow
size distribution, the uniformity of the shape and surface structure because of the
controlling by punch and die. Furthermore, the weight of the individual microtablet is
not varied. These advantages are desirable for producing sustained-release dosage
form (Brabander C.D. et d., 2000; Rey H. et a., 2000).

At present, there are many research articles about the microtablets. Pich et al.
(1989) used various methods to prepare microtablets, such as fluidized bed granulator
and coating techniques, extraction method, and direct compression. Rey et al. (2000)
prepared sustained-release theophylline microtablets based on a Eudragit RS PO
matrix and produced on a rotary tablet press. Brabander et al. (2000) prepared
ibuprofen matrix tablets that contained with combination of different microcrystalline
waxes with various melting range and starch derivatives. Weyenberg et a. (2003)
prepared ocular bioadhesive minitablets of sodium fluorescein and studied the

influence of the compression force on the rel ease rate.

Diclofenac sodium is a non-steroidal anti-inflammatory agent used for painful
and inflammatory conditions. It has an adverse effect on the gastric mucosa and short
biological haf-life. Thus, it is usually given two to three times daily (Reynolds et al.,

1989), in order to reduce the gastric irritations, maintaining plasma drug levels within



the therapeutic range for longer period and decrease frequency of dosing. Hence,
sustained release of diclofenac sodium has been developed. In this study, sustained
release diclofenac sodium microtablet was developed using cellulose derivative and
glyceride waxes, since the cellulose derivative polymers and waxes have been
extensively investigated for sustaining the release of drug and ease of manufacturing
(Romero et al, 1991; Zhang and Schwart, 2000; Obaidat et al., 2001; Lin et a., 2001).
Although the single-unit matrices of diclofenac sodium sustained-release are widely
developed, there are rarely reports on the preparation of sustained release diclofenac
sodium microtablets. Sujja-areevath et a. (1996) prepared diclofenac sodium
microtablets contained various amount of natural gum by wet granulation method.
However, there is no report on the preparation of diclofenac sodium microtablets by
using cellulose derivative and glyceride waxes. Therefore, the aim of this study wasto
study effect of processing and formulation parameters on properties and drug release
of microtablets. In addition, diclofenac sodium microtablets containing cellulose

derivatives and waxes as sustained rel ease materials were formul ated.

Objective of this study
On the basis of rational mentioned above, the objectives of this research are:

1. To study the effect of processing parameters such as compression force,
punch size on physicochemical properties of diclofenac sodium
microtabl ets.

2. To study the effect of formulation variables such as drug load, type and
amount of matrix formers on the physicochemical properties of diclofenac
sodium microtabl ets.

3. To prepare sustained release diclofenac sodium microtablets with cellulose
derivative and glyceride waxes using wet granulation technique and to
evaluate the physicochemical properties of diclofenac sodium
microtablets.

4. To compare drug release from the capsules containing the prepared
microtablets to acommercial product.

5. Toinvestigate the model and mechanism of drug release from the prepared
microtablets.



CHAPTERI I

LITERATURE REVIEWS

1. Microtablet or minitablet

The microtablets are tablets with a diameter equal to or small than 1-3 mm,
preferably 1.50-2.50 mm. Their shapes are nearly spherical and cylindrical with aflat
or convex upper side and lower side. It has definite advantages over the single unit
dosage forms. These advantages are less risk of dose dumping, less inter- and intra-
subject variability, and high degree of dispersion in the digestive tract that reduced the
risks of high local drug concentrations. Therefore, microtablets aso offer an
aternative for pellets because of their uniform size with smooth surface and low
porosity structure. The microtablets are made by ordinary reciprocating or rotary
tabletting machines. However, it must use the specia punches and dies that require
high precision and mechanical stability, because the punch station is equipped with a
punch holder that contains many small concave punches (Flemming et a., 1996;
Kolter et d., 1997; Rey et al., 2000).

;;;;;
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Figure 1 The construction of multiple upper punches, lower punch and die for

preparing Panzytract® and Ceferro®



Figure 1 shows the special steel rams used for tabletting of 19 microtablets at
each compression to produce Panzytract® and Ceferro® by Nordmark Pharma
(Normark Arzneimittel GmbH& Co.KG).

The specia punch and dies have many punches per holder, which are narrow
diameters. Therefore, these tooling require excellent flowability that is an important
factor necessary for producing microtablets because it affects the uniformity of weight
and content of the microtablets (Flemming and Mielck, 1995; Pich et al., 1989).

2. Thetechniques of microtablets production

The methods used to produce microtablet are similar to plain tablet production
such as the direct compression and wet granulation method. For direct compression
method, the active ingredient is mixed with other additives such as diluents and
[ubricant until homogeneous. Then the powder mixtures are compressed with single
punch tabletting machine or rotary tabletting machine that containing with special
punches and dies.

Flemming et al. (1995) reported that spray-dried lactose preparations FLOW®,
DCL11 was appropriated diluent for preparing microtablets by direct compression
method. It was due to free-flowing property. The flow rates of additional materials,
namely PHAV, CEMCC, CEPC, and DCL40 were sufficient, when theoretically
required flow rates were calculated from the volume of microtablets and filling times

available on modern rotary tabletting machine.

Saettone et al. (1995) prepared sustained release timolol maleate microtablets
by direct compression and. coated with Eudragit RS and Eudragit RL. The
microtablets were pressed by a single punch tabletting machine that contained
concave punches and dies with a diameter of 3.5 mm. They observed that an adequate
control of the drug release from this microtablet could be obtained by adjusting the

amount of acrylic polymer coating.



Wet granulation method is more complicated than direct compression method.
The granule is either prepared by using ordinary technique (sieving method) or

fluidization technique.

Gazzaniga et al. (1993) prepared verapamil and dyphylline mini-matrices. The
drug, polymer and filler mixtures were granulated by wetting with an isopropyl
alcohol 5% solution of Eudragit® RS. The mixtures were passed through a 710 pm
screen and dried at 35°C. The granules were lubricated with magnesium stearate
(0.5%) and tableted in a single punch instrument tabletting machine with 3.5 mm

diameter of punch.

Rey et a. (2000) prepared sustained-release theophylline microtablets with
wet granulation technique that using fluidized bed granulator. In fluidized bed
granulator equipped with a 0.8-mm nozzle, the powder blend of 400 g theophylline
and Eudragit RS PO were granulated by top-spraying of 6% of Eudragit RS 30D as
binder at an atomizing air rate of 1.2 bars. Inlet air temperature was maintained 60 °C,
and granulating liquid flow rate was 18-20 g/min. The granules were then dried in the
same apparatus for approximately 15 min at 60 °C. The granules were sieved and the
fraction below 500 pm was used for preparation of tablets. Then the granules were
compressed with rotary tabletting machine that using force feeder and 17 punch
station. The punch station was equipped with a punch holder containing 19 small

concave punches, each with adiameter of 2 mm.

Brabander et a. (2000) prepared ibuprofen matrix tablets that contained
combination-of different microcrystalline waxes with various melting range and starch
derivative by melt extrusion. The melt extrusion was performed on.a MP19TC-25
laboratory scale co-rotating twin screw extruder of APV Baker. The temperature
profiles were necessary during extrusion: 58-56-56-53-53 °C from powder feeder
towards the die for Paracera® P and IGI® 2291 based formulations, while a higher
temperature profile: 64-62-62-59-58 °C was used in Paracera® M formulations The
extrudates were then milled by sieving. The fraction of granules sized below 500 pm

was used for preparation of tablets by using eccentric tabletting machine (EKO).



3. Evaluation the microtablets

3.1 Apparent tensile strength

At equa applied pressures, powders compress to different degrees,
which produce compacts of different thickness. This difference in compact thickness
may influence the pressure-crushing force profile (Newton et al., 1968). To overcome
this potential problem, Fell and Newton (1968) developed a diametra compression
test to determine the tensile strength of tablets. The tensile strength (ox) of the

compacts was determined according to the method of Fell and Newton:

o= 2F [1]

mtxdxt

where F is the crushing force, d is the compact diameter and t is the compact

thickness.

Equation [1] is used frequently for calculation of the tensile strength of
flat-faced, but not of convex-faced. Lennartz et a. (1998) used equation [1] even
though convex faced tablets were produced, because the tensile strength of these
tablets should be closely related to the overall tablet thickness due to the high ratio
between central cylinder thickness and diameter (Pitt et al., 1988). Therefore,
equation [1] results in an apparent tensile strength produce. This apparent tensile
strength, tsyp, may be used for comparison of the tablets with differing size, because
the error made can be taken as constant due to the geometrical specifications.

The equation [2] for determination of tensile strength, of, of convex-
faced tablets was developed by Pitt et al. (1988), which based on analysis with
dimensional considerations. The equation [2] could not be used because of the
different ratios between central cylinder thickness and diameter, which were between
0.06 and 0.3 for tablets investigated by Pitt et al. (1988) and 0.6 for the tablets
produced by Lennartz et al. (1998)



ot = 10F (2.86t/d— 0.126t/w + 3.15w/d + 0.01)*  [2]
o
where F is the crushing force, t is overall tablet thickness, d is diameter and w is

central cylinder thickness.

Lennartz et al. (1998) applied equation [2]. Certain simplification was
adopted due to the geometric specifications of tablets. Because of the tabletting
procedure and the constant relative curvature of the punches, one may assume that the
ratio between central cylinder thickness and diameter and the ratio between overall
tablet thickness and diameter are constant. Therefore the ratio of t/d, t/w and w/d, and

the term insides of the parentheses may be taken as constant.
Equation [2] then transforms into equation [ 3]

o1 = 2F x (K)™* (3]
mdt

where K is a constant, which represents the error made by applying equation [1] for
the tablets produced in investigation. However, due to the considerations mentioned

above, K cannot be determined precisely without stress analysis.

However, the true values of the tensile strength have not been
determined. Tablets with same geometrical proportions may be compared, under the
assumption that the error is constant. The variable tsy, would then correspond to o¢

xK in equation [3].

4. Controlled parameters of the matrix system

Technological factors influencing release from controlled matrix tablets can be

states as the following parameters:



A. Amount of drug incor porate in matrix

The influence of the type and amount of drug incorporated in matrix is
interesting and of practical importance in the field of controlled release. Fessi et al.
(1982) have shown the severa systems of loading type obeyed the Higuchi square
root equation, such that the slope was approximately proportiona to the initial drug
loading.

Foster et a. (1990a 1990b) showed the release of ephedrine
hydrochloride and procaine hydrochloride from hydrogenated castor oil matrix tablet.
The effect of drug revealed that the release profiles at 25°C in terms of cumulative
amount release per unit area versus square root of time were linear. The release
increased with increasing the concentration of drug. A similar result was obtained

when using to other drug.

Katikaneni et al. (1995) determined the effect of drug load on the
release of drug from matrix tablets. Pseudoephendrine hydrochloride was used as a
model drug to prepare direct compression sustained release tablets with ethylcellulose
10 cps. Psudoephendrine hydrochloride was varied from 12.5% to 25.5% and
compressed at 22.25 kN. Increase in the concentrations of drug in matrix resulted in
an increase in the amount of drug release at any time t. It must be noted that a change
in concentration of drug would affect the porosity and may possibly affect the

tortousity of the matrix.

Rey et al. (2000) prepared sustained-release theophylline microtablets
with wet granulation technique that using fluidized bed granulator. The influence of
drug content on the release of drug from theophylline matrix “microtablets was
determined. Microtablets containing 60% to 80% of theophylline in Eudragit RS PO
matrix were compressed at 200 MPa. It was found that theophylline content did not

affect on the drug release.

Brabander et a. (2000) prepared ibuprofen matrix microtablets that

contained combination of microcrystalline wax (Paracera P®), 2.5% of triacetin and
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WMD (waxy maltrodextrin) and varied drug content 40%, 60% and 70%. The
ibuprofen concentration affected the release rate. It was observed that increasing the
ibuprofen concentration to 70% w/w resulted in a faster drug release rate than
formulations 40% and 60% probably due to the high drug load and lower

concentration of matrix forming materials.

B. Type and amount of matrix material

The matrix material should be met the selection criteria as shown in
Table 1 (Phillai et al., 1988). The matrix former should be chemically inert, non toxic,
cheap etc.

Emori et a. (1984) reported that the increase in the release rate
occurred with increasing amount of polymer in phenacetin wax matrix, because of an
increase in the diffusion rate of drug molecules through channels that resulted from
leaching of the polymer and also by a shortening of this channel length due to matrix

disintegration.

Brabander et a. (2000) prepared ibuprofen matrix microtablets that
contained combination of different microcrystalline waxes with various melting range
and starch derivative. The drug release rate of 1GI® 2291 formulation was higher than
those of Paracera P®, Paracera M®, respectively. The amount of drug release was
depended on the melting range of microcrystalline waxes (49-52°C for |GI® 2291, 58-
62°C for Paracera P®, 68-72°C Paracera M®). Increasing the amount of wax in the

formulation showed a slower drug release profile.

Liu et al. (2001) prepared lipophlic matrix tablets containing
phenylpropanolamine hydrochloride (PPA) by hot-melt extrusion. At the same wax
level, drug release from tablets was decreased in the order of using microcrystalline
cellulose, lactose, Emcompress® as the filler excipient, respectively. The observed
differences in dissolution properties of the tablets were due to the differences in the

solubility, swellability and density of the filler excipients.
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C. Influence of the surface area of matrix
Lin et a. (1996) proposed that smaller particles possessed higher
dissolution rates than larger particles due to the former possessing a greater available

surface area of drug generated may control the release of drug from solid dispersions.

Table 1 The criteriain selection polymers for matrix development

1. Molecular weight, glass-transition temperature, and chemical functionality of
the polymer must allow the proper diffusion and release of the specific active
agent.

Polymer functional group should not react chemically to active agent.

The polymer and its degradation product must be not toxic.

The polymer must not decompose during the entire shelf-life.

The polymer must be easily manufactured or fabricated into a desired product.

o g &~ W D

The cost of polymer should not be expensive as to make controlled drug
release device very expensive.
7. It should be readily available.

Shanawany (1993) reported that the release of nitrofurantoin from
matrix was reduced when the granule size increased. This effect was mainly due to
the reduction in surface area of granules exposed to the dissolution medium.
Consequently, granules of 125-200 wm showed the highest drug release of 80% wi/w,
while granules of 300-450 nm showed the lowest release of 52% w/w after 6 hrs.

Rey et al. (2000) reported that tablets with alow quotient surface areg/
tablet weight led to slower release from theophylline matrix tablets. Compared to 2
mm cores, drug release was slower with 6 mm tablets and much slower with 10 mm
tablets. Microtablets having a diameter of 2 mm exhibited higher surface area

compared to tablets 6 mm and 10 mm in diameter.
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D. Influence of the compression force

Stamm and Tritsch (1986) prepared the methocopraminde
hydrochloride containing ethylcellulose 20 cp. The matrices made with low crushing
strengths had high porosity and gave fast release. Whereas, the tablets prepared higher

crushing strengths had lower release rates.

Sarisuta et a. (1994) investigated that the influence of compression
force and type of fillers on the drug release of diclofenac sodium matrix tablets
containing Emcompress® and lactose as fillers with Eudragit RS PM as a matrix
former. The results indicated that the compression forces did not affect on the drug
release. Whereas, increasing the amount of Emcompress® in formulation caused to

decrease the drug dissolution.

Dabbagh et al. (1996) investigated the effect of compaction pressure
on the drug release from matrices containing 285 mg of ethylcellulose 7cp. The drug
release from matrices made at 7.8-39.4 MNm* was very rapid. Whereas, the release
rate of matrices compressed at between 78.7 and 393.7 MNm? were reatively
unaffected by pressure. It was due to porosity of matrices made at between 78.7 and
393.7 MNm?that were not different.

Velasco, et al. (1999) reported that although compression force was a
statistically significant factor in tablet hardness, its effect on drug release from HPMC
tablets was minimal. It could be assumed that the variation in compression forces
should be closely related to a change in the porosity of tablets. However, as the
porosity of the hydrate matrix was independent of the initial porosity, the compression

force seemed to have little influence on the drug rel ease.
5. Therelease pattern of matrix system

5.1 Matrix system

A matrix system, as the name implies, consists of drug distributed

homogenously throughout a polymer matrix. When the term “matrix device” is used
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without qualification, it typically means that the containing polymers doses not
chemically disintegrate. If the polymer dose erodes, the device- actualy a type of

matrix deviceisreferred to as an erodible, bioerodible, or biodegradable system.

Matrix systems have the advantage of generally being easier and less
expensive to produce than reservoir systems. In addition, because they do not have a
polymer covering that can suddenly break; there is no danger of an abrupt release of a

large amount of drug.

There are two principle categories of matrix devices. If the active agent
is dissolves in the polymer medium, the device is called a matrix solution. A device of
this kind is often used when the active agent is a liquids, some polymer can easily
dissolve up to 20% or more in these liquids. If the active agent had a more limited
solubility in the polymer medium and the remainder is dispersed as small particles

throughout the polymer. A device of thistypeis called matrix dispersion.

5.2 Therelease pattern of matrix system

The pattern of delivery achieved by a sustained release system can

vary over awide range but release profiles can be mainly categorized into three types:

1. Zero-order release model
2. Square-root-time release model

3. First-order release model

5.2.1 Zero-order release model

An'ideal controlled release device is one which can deliver the drug at
constant rate until the device is exhausted of active agent. Mathematically, the release

rate from this deviceis given as:

dM; =k [4]
dt
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where k is a constant, t is time, and M; is the mass of active agent released. This

model of release is called zero-order release model.
5.2.2 Square-root-of-time release model (Higuchi model)

The second common release model is frequently referred to as square-
root-of-time or t“? release, providing compound release that is linear with the

reciprocal of the square root of time. The release rate is then given as:

dvi; = k [5]
dt Vit

In contrast to first-order release, the release rate here remained finite as
the device approached exhaustion.

The release model of this type can be described by Higuchi equation
(Higuchi, 1963)

Q = [Ds/ ©(2A-eCy) C4] * [6]

where Q is weight in grams of drug release per unit surface area, D is diffusion
coefficient of drug in the release medium, € is porosity of the matrix, t is tortuosity of
matrix, Cs is solubility of drug in the release medium and A is concentration of drug
in the tablet, expressed as g/ml.

The assumptions made deriving equation are as follows:

1. A pseudo-steady state is maintained during release

2. A>>>C;, i.e, excess soluteis present

3. Thesystemisin perfectly sink condition in which C, is
approximately to zero at al time

4. Drug particles are much smaller than those in the matrix

5. Thediffusion coefficient remains constant

6. No interaction between the drug and the matrix occurs
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In general Higuchi’s equation is usualy desired and used as in
equation [7]

Q= knt"? [7]

where kp = Higuchi constant

Therefore the plot of amount of drug released from matrix versus
square root of time should be increased linearity if drug release from the matrix is
diffusion controlled. Although the above equation is based on release from a single

face, it may use to describe diffusion-controlled release from all surface matrices.

In order to further verify that the release follows Higuchi model,

Higuchi equation is converted into logarithmic form as:
log Q =log kn + ¥%210g t [8]

The plot of log Q versus log t must not only yield a straight line, but

must have aslope of 0.5.
5.2.3 First-order release model

The first-order release model is the third common type of the release
model. The release rate in this case is proportional to the mass of active agent

contained within the device. The rate is then given as:

dM; =k (M¢-M)) (9]
dt

where M, is the mass of agent inthe device at t = 0. On rearrangement, this given

dM; =kMoexp™ [10]
dt
In first-order model, therefore, the rate declines exponentialy with

time, approaching arelease rate of zero as the device approaches exhaustion.
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On the assumption that the exposed surface area of matrix decreases
exponential with time, Wagner (1969) suggested that drug release from most

controlled-release matrices could be described by apparent first order kinetics, thus:
Ac=Age"t [11]

where kj isfirst order release constant, Ao is initial amount of drug and A; is amount

of drug remaining in the matrix at time t
Simplifying and taking the logarithm of equation (11) yields

log Ai=log Ap- kit [12]
2.303

First order model can be predicted by plotting the logarithm of the
percentage of drug remaining against time. If the release pattern follows first order
model, linear relationship is obtained. Sa et a., (1990) reported that the initia
curvature of the plot may be obtained because of the presence of surface drugs which

they suggested to ignore.

Since both the square root of time release and first order release plots
are linear, as indicated by correlation coefficient, it is necessary to distinguish
between the models. The treatment has been based upon using the differential forms
of the first order and square root of time equations (Schwartz et a., 1968).

For Higuchi model; the rate will be inversely proportiona to the total
amount of drug release in accordance with equation (Saet a., 1990).

dQ= ki’S [13]
d  2Q

where Q' = Q*S (S is the surface area of matrix). The rate predicted by first-order

model was given by:
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dQ = kA¢- kQ [14]
dt

where A = Ap-Q’. This indicated that rate will be proportional to Q. The rates of
release are determined by measuring the slopes at different points on the percentage of

drug release versus times curves.

The plots of rates of release versus 1/Q’ are linear, indicating that the
release is fitted with Higuchi model. If the plots of rates of release versus Q' are

linear, indicating that first order model is operative.

The release model for each classes of device is illustrated in Figure 2
(Baker, 1987). The release models of zero-order, square-root time, and first-order are

depicted, respectively [equation 4, 5 and 9].

First—-0Order Releaso

f
'E Square—root Time Relesase
18
0 Zero-0Order Releasea
]
]
1
-
o \\\
18
-L-Lﬁ—n.q___‘_
Time

Figure 2 Zero-order, First-order, and Square-root time release patterns from devices

containing the same initial active agent content
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5.3 Release mechanism of controlled release system

A semi-empirical egq. [15] can be used to anayze data of controlled
release of drug under perfect sink conditions. The genera form of this equation is
given by Peppas (1985).

M; = kt" [15]
Mg

where, M; = thefractional of release of drug up to timet

M

t =thereleasetime

k = aconstant incorporating structure and geometric characteristics of the
controlled release device

n = therelease exponent, indicative of the mechanism of drug release

The determination of exponent n is valid for the first 60% of total
release drug (M/M < 0.6), which also applied only the early times of release. Clearly,
at desirable mechanism for many applications that which leads to be equals 1, this
characterizes zero-order release behavior. Table xxx summarizes the general

dependence of n on the diffusional mechanism (Peppas, 1985).

Table 2 Interpretation of diffusional release mechanisms from drug release data from

thin polymer film.

Release exponent (n) Drug transport mechanism Rate as a function
0.5 Fickian diffusion £0°
0.5<n<1.0 Anomal ous (non-Fickian) (P
transport
1.0 Case-1l transport Zero-order (time-
independent)
n>1.0 Super case-11 transport ™t
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The empirical equation [15] could be modified for application to non-
planar geometric. The relationship between the diffusional exponent n and the
corresponding release mechanism is clearly depend upon the geometry employed as
shownin Table 2, 3, and 4 (Rittger and peppas, 1987).

In non-swellable matrices, the values of n are 0.45 and 1.0 for Fickian
and case-ll transport, respectively. Case-ll transport is a specia case readily
identified and characterized by the constant velocity of the moving solvent front and
the resulting linear weight gain with time. However, its characteristics are not as well
understood, nor are they as fundamental in origin as those of Fickian diffusion. When
the value of nis>0.45 and < 1.00, the release was said to be non-Fickian (Rittger and
peppas, 1987). A value of n =1, however, means that the drug release is independent
of time, regardless of the geometry. Thus, zero- order release can exist for any
geometry.

Table 3 Diffusional exponent and mechanisms of diffusional release from various

non-swellable controlled release systems

Diffusional exponent, n Drug release

Thin film Cylindrical sample | Spherical sample mechanism
0.5 0.45 0.43 Fickian diffusion
0.5<n<1.0 0.45<n<1.0 0.43<n<1.0 Anomalous (non-
Fickian) transport
1.0 1.0 1.0 Zero-order (time-

independent)

In swellable controlled release systems, case-11 (Fickian diffusion) and
case-11 solute release behaviors are unique in that each can be described in terms of a
single parameter. Case-l transport is described by diffusion coefficient, while case-I
transport is described by a characteristic relaxation constant. Non-Fickian behavior,
by comparison, requires two or more parameters to describe the coupling of diffusion
and relaxation phenomena.
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In swellable matrices, when the system does not swell more than 25% of its
origina volume, the values of n are 0.45 and 0.89 for Fickian and case-ll transport,
respectively. When the value of nis > 0.45 and <0.89, the release was said to be non-
Fickian (Rittger and peppas, 1987). When the value of n was greater than that of the
case-1l transport, the release is said to be super case-11 transport. Table 4 summarizes
the range of values of diffusional exponent n, and the released transport mechanism
for each a geometry (Rittger and peppas, 1987). A value of n = 1, means that the drug
release can exist for any geometry; only slabs do this release coincide with case-ll

transport.

Table 4 Diffusional exponent and mechanisms of drug from various swellable

controlled release systems.

Diffusional exponent, n Drug release
Thinfilm Cylindrical sample | Spherical sample mechanism
0.5 0.45 0.43 Fickian diffusion
0.5<n<1.0 0.45<n<0.89 0.43<n<0.85 Anomalous (non-
Fickian) transport
10 0.89 0.89 Zero-order (time-
independent)
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6. Diclofenac sodium

CH,COONa
i /\ MW. 318.13

NH

Cl cl

Figure 3 Diclofenac sodium (CoH10C12,NO,;Na)

Diclofenac sodium (DS) or 2-[2,6-Dichloropheny)amino]benzeneacetic acid
monosoduium salt is synthetic, non steroidal anti- inflammatory and anagesic
compound. It is widely used for relief of pain and inflammation. DS appears as
odorless, white to off white crystalline, slightly hygroscopic powder. Melting point is
283-285°C. The pKa of DS in water is 4 and the partition coefficient in n-
octanol/aqueous buffer pH is 13.4. The agueous solubility of DS is dependent on pH;
solubility is poor at low values of pH but when the pH rises above the pKa, rapid
increases in solubility occur (Maitani et al., 1991; Herzfeldt and Kummel, 1983).

The presence of cations (sodium ions or potassium ions) markedly affects the
solubility of DS. The addition of sodium or potassium chloride to the dissolution
decreased the solubility. of DS and showed the dissolution rate, with the effect of
sodium chloride being greater. The equilibrium  solubility performed in various

solvents at the room temperature (RT) is shown in Table 5.
Stability

DS tablets film coated with polymers like acrylic and hydroxypropy! cellulose
was reported to be stable after storage for one week at 30°C in the relative humidity
of 80%. Suppository formulation was also analyzed for stability using thin layer
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chromatography and ultraviolet spectroscopy. The formulation was stable for 24
months at room temperature. Stability in biological fluid (serum) was determined and
the results demonstrated that DS could be frozen for at least two weeks without
degradation (Adeyeye and Li, 1990).

Buffered sodium (pH 7.4) that DS dissolved in either (B-CD) or
hydroxyprophyl-p-cyclodextrin (HP-3-CD) were prepared either in presence or
absence of oxygen and stored in the dark (Backensfeld et al., 1991). Solution from
which oxygen had been removed was claimed to be more stable than those with
oxygen. Although precipitation was observed in solution 3-CD or HP-B-CD during a
short storage time at 21°c no loss of DS was reported after 520 days. At 71°c in
solutions (without oxygen) that contained DS alone, or with 3-CD or with HP-B-CD,
24.7%, 30.4%, and 34.6% of diclofenac sodium remained, respectively, after 207

days.

Table 5 The solubility of DS

Solvent Temperature Solubility(mg/ml)

Deionized water (pH 5.2) RT >9
Methanol RT >24
Acetone RT 6

Acetronitrile RT <1
Cyclohexine RT <1
PH1.1 RT <1
PH 7.2 (phosphate buffer) RT 6

Use and Administration (Reynoldset al., 1993)

DSisused mainly as the sodium salt for the relief of pain and inflammation in
conditions such as rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, rena
colic, acute gout, and following some surgical procedures. The usual dose by mouth is

75 to 150 mg of DS daily in divided doses. It may be also being given rectally as a
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suppository in a usua dose of 100 mg each evening. DS may aso be given by
intramuscular injection in a dose of 75 mg one daily or, if required in severe
conditions, 75 mg twice daily. It is aso used intramuscular renal colic in a dose of 75
mg repeated once after 30 minutes if necessary. In children the suggested dose by
mouth or rectally for juvenile chronic arthriticsis 1 to 3 mg per kg body-weight daily
in divided doses.

Adver se effect (Reynolds et al., 1993; Adeyeye and Li, 1990)

Due to the activity of inhibit cyclooxygenase, the most frequent adverse of DS
are gastro-intestinal disturbances, abdominal discomfort, nausea and vomiting and
abdominal pain to serious gastro-intestinal bleeding or activation of peptic ulcer.
Other adverse effects include CNS-related side effect; headache, dizziness,
nervousness, tinnitus, depression, drowsiness and insomnia. Hypersensitivity reaction

may occur occasionally and include fever and rashes.

Commercial product of sustained-released diclofenac sodium

Voltaren SR® tablet (Norvartis) is one of these products, which is certainly the
most successful of all the sustained-release DS products. It shows relatively uniform
release pattern for 24 hours period of time. lis characteristic is film-coated tablet of

two levels of dosed. These products have 75 mg and 100 mg per tablet.

7. Ethylcellulose (Arthur, 2000)

CH,0C,Hs
o
—0 OH
OC,Hs

Figure 4 Chemical structure of ethylcellulose
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Ethylcellulose (EC) is an inert, hydrophobic polymer and its properties such as
lack of toxicity, stability during storage and good compressibility make it suitable for
sustained rel ease matrices (Dabbagh et al, 1996).

EC appears as a tasteless, free flowing, white to light tan powder. The various
types of EC are not affected by water. EC is insoluble in water, glycerin and
propylene glycol, but soluble in varying degrees in certain organic solvents,
depending upon the ethoxy content. Its release mechanism is diffusion and erosion.
The solubility dataof EC islisted in Table 6.

EC is resistant to alkali, both dilute and concentrated, and to salt solutions. It
can withstand dilute acid for limited period of exposure. It is subject to oxidative
degradation in the present of sunlight or UV light at elevated temperatures. EC is
incompatible with paraffin wax and microcrystalline wax. It is presented to be a non-

toxic substance.

EC is wildly used to control the dissolution rate of drugs from sustained-
release products are as follows, Microencapsules of captopril coated with EC 9, 14, 93
and 300 cps could be directly compressed into tablet. The release pattern was
achieved first ordered kinetics followed by Higuchi’s equation (Singh et al., 1988).
Crowley et a. (2004) prepared EC matrix tablets by either direct compression or hot-
melt extrusion of binary mixtures of water soluble drug (guaifenesin). EC was
separated into fine or coarse particle size fractions. Tablets containing 30%
guaifenesin were prepared at 10, 30 or 50 kN compaction forces and extruded at
processing temperatures of 80-90 and 90-110°C. The results were shown that the
guaifenesin release rate was slower in tablets prepared with fine EC particle size
fraction and tablets prepared by hot-melt extrusion exhibited considerably slower drug
release relative to those prepared by direct compression. The guaifenesin release rate
also decreased with increasing compaction force in tablets prepared by direct
compression. The Higuchi model was found to be the drug release profiles for hot-
melt extruded tablets. Tablets prepared by direct compression were found to release

guaifenesin by both diffusion and erosion.
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Table 6 Solubility of EC in various solvents (Arthur, 2000)

Solvent Solubility (g/ml)
I* n*
Water (25°C) 0.010 <0.001
Water (37°C) 0.012 <0.001
Alcohal (25°C) 0.015 0.053
Alcohal (37°C) 0.025 0.066
Propylene glycol (25°C) 0.025 0.025
Propylene glycol (37°C) 0.025 0.025
Hexane (25°C) < 0.002 < 0.002
Hexane (37°C) < 0.006 < 0.006

Suppliers: | Hercules Ltd.
I Dow Chemical Co

8. Hydroxypropylmethylcellulose

H OR CH,0OR
o H H 0
OR H OR
H o O H
CH,OR H OR

R-H, CHy- or CHsCH(OH)CH;

Figure 5 Chemical structure of hydroxypropylmethylcellulose

Hydroxypropylmethylcellulose (HPMC) has been extensively used since the
early 1960s as a rate controlling polymer in oral extended-release dosage forms. This
popularity can be attributed to the polymer’s non-toxic nature, its availability in

different chemical substitution and hydration rates (for example, USP Type 2208
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(Methocel K), 2910 (Methocel E), 2906 (Methocel F), good compressibility. These
types of HPMC differ by various degrees of substitution of hydroxypropyl
(hydrophilic) and methoxy (hydrophobic) group (Rekhi et al., 1999).

HPMC is odorless, tasteless white or creamy-white fibrous or granular
powder. It is soluble in cold water, forming a various colloida solution, insoluble in
acohol, ether and chloroform but soluble in acohol, ether and chloroform but soluble
in mixture of methylalcohol and methylene chloride. Certain grades are soluble in
aqueous acetone, mixture of methylene chloride and isopropyl alcohol and other
organic solvents. HPMC is very stable in dry conditions. Solutions are stable at pH
3.0-11.0. It is compatible in the extreme pH conditions and with oxidizing materials.
HPMC can be used as a film-former, thickening agent, protective colloid, emulsifier,
suspending agent and stabilizer. High viscosity grades are used to retard the rel ease of
water soluble drugs (Arthur, 2000).

Dissolution studies of indomethacin controlled release tablets showed that for
a poorly water soluble drug, not only was the polymer to drug ratio important in
controlling the release, but both viscosity grade of HPMC and particle size of the drug
were to be recognized more than the water soluble drug. Furthermore, erosion of the
matrix was suggested to be the only mechanism by which poorly soluble drugs
released from matrix tablet (Ford et al., 1985).

Mahaguna et a. (2003) investigated the influence of HPMC molecular weight
on pharmacokinetic and pharmacodynamic parameters of controlled release
formulations. containing aprazolam. Tablet formulations contained alprazolam,
excipients, and either HPMC K4MP or HPMC K100LVP. The tablets containing
either HPMC K4MP or HPMC K100LVP had similar dissolution profiles and the
dissolution profile did not change through 6 months at 40°C/75% RH or 12 months at
25°C/65 RH. The pharmacokinetic and pharmacodynamic parameters were not
significantly different between two tablet formulations. In vitro dissolution predicted
in vivo pharmacokinetic and pharmacodynamic results irrespective of formulation or
diet used in the controlled released tablet.
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9. Compritol® 888 ATO (Gattefosse)

ﬁ O
I
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i
H,C— O—C(CH2),CH3
i
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HoC—O0—C(CH2)yCH3

Compritol® 888 ATO: n =20
Figure 6 Chemical structure of Compritol® 888 ATO

Compritol® 888 ATO is synthesized by esterification of glycerol by behenic
acid (Cy, fatty acid). The raw materials used are of strictly vegetable origin and
reaction process involves no catalyst. The product is then atomized by spray-cooling.
Compritol® 888 ATO is composed of mono, di and triglycerides of behenic acid, the
diester fraction being predominant. Compritol® 888 ATO is fine, white to off-white
powder. Melting point (drop point) is 69-74°C. It has faint odor.

Compritol® 888 ATO has several pharmaceutical uses: inert lubricant for
tablet and capsule formulations, at use levels from 1% to 3%, binding agent direct
tabletting, lipophilic matrix for sustained release tablets or capsule (use level >10%).
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Perez et a. (1993) prepared sustained release phenylpropanolamine HCI
tablets containing compritol 888 ATO as a retardant material. Two methods were
used for the preparation of drug: wax systems; physical mixture and solid dispersion.
The drug release was decreased with increasing amounts of compritol 888 ATO.
Tablets prepared by physical mixture gave higher drug release than tablets prepared
by solid dispersion method. The incorporation of compritol 888 ATO decreased the
gjection forces of tablets during compaction. The drug release from tablets prepared
by solid dispersion followed the diffusion controlled model.

Barthelemy et al. (1999) investigated the use of compritol 888 ATO as a
coating agent to prolong the release of theophylline. Their study confirmed a
satisfactory coating potential by this agent and a potential in sustaining the release of
theophylline over an extended period of time.

10. Tristearin (Sci-toys)

0O
Ho,C— O— &(CH)CHs
0
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H,C— O— C(CH),CH3

Tristearin: n=16
Figure 7 Chemical structure of Tristearin®
Tristearin is primary fat in beef. It is a triglyceride; a molecule of glycerine
has reacted with three molecules of the fatty acid stearic acid (C18). It is a saturate fat.
This mean that every carbon has as many hydrogen atoms as it can hold (it is

saturated with hydrogen), and no double bonds between any two carbons.

Tristearin is hard, yellowish while powders. It has dlight odor and test
suggesting tallow. Tristearin isinsoluble in water and melting point is 58-63°C.
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11. Stearic acid (Arthur, 2000)

0
HO— C—(CH3)16CH3

Figure 8 Chemical structure of stearic acid

Stearic acid is hard, white or faintly yellow colored, somewhat glossy,
crystaline solid or awhite, or yellowish white, powder. It has a dight odor and taste
suggesting tallow.

Stearic acid is freely soluble in benzene, carbon tetracholoride, chloroform and
ether; soluble in ethanol, hexane and propylene glycol; practically insoluble in water.

Stearic acid melts at the temperature higher than 54°C.

Stearic acid is widely used in oral and topical pharmaceutical formulations; it
is aso used in cosmetics and food products. Stearic acid is generally regarded as a
non toxic and nonirritant material. However, consumption of excessive amount may

be harmful.
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EXPERIMENTAL

1. Materials

The following materials obtained from commercial sources were used.

1.1 Model drug

- Diclofenac sodium BP (bromine free) (Batch No. DS 0006/111,
supplied by Amoli organics Ltd., Thailand)

1.2 Additives

- Lactose anhydrous (Lot. No. R1 45/00164, Wyndale, New Zealand)

- Ethyl cellulose 10 cps. (Lot. No. 0K01013T01, Colorcon Co.,Ltd.
Singapore)

- Hydroxypropylmethylcellulose (Methocel K15M Premium EP, Lot.
No. PB 26012 Colorcon, Co., Ltd., Singapore)

- Glyceryl behenate (Compritol 888 ATO®, Lot. No. 25638,
Gattefosse, France)

- Tristearin (Lot. No. 353999/1398, Fluka Chemical, Switzerland)

- Magnesium stearate (Lot. No. F1G 253, Asia Pacific PTE Ltd.,
Austraia)

-Aerosil® 200 (Lot. No. 635912F, Wacker Chemie GMBH, Germany)

1.3 Chemicals

- Acetonitril, HPLC grade (Lot. No. 01 02 0099, Lab-Scan Analytical

Sciences, Ireland)
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- Hydrochloric acid, AR grade (Lot. No. 03 02 0186 L ab-Scan
Analytical Sciences, Ireland)

- Methanol, AR grade (Lot. No. 03 08 1139 L ab-Scan Analytica
Sciences, Ireland)

- Methanol, HPLC grade (Lot. No. 02 09 0153 Lab-Scan Analytical
Sciences, Ireland)

- Potassium dihydrogen orthophosphate, AR grade (Lot. No. F1F125
AsiaPacific Speciaty Chemicals Ltd., Austraia)

2. Equipment

- Analytical balance (Model A200s, Sartorius GmbH, Germany And
Model PB3002 Mettler, Switzerland)

- Dissolution apparatus (Model DT-6R, Erweka®, Germany)

- Differential scanning calorimeter (Model DSC 7, Perkin-Elmer,
USA)

- Friabilator (Erweka TAR 20, Germany)

- High performance liquid chromatography (Model SCL-10A VP,
Shimadzu, Japan)

- Infrared spectrometer (Model FT-IR 1760X, Perkin Elmer,
Germany)

- LlIoyd instruments (Model LR10K, Lloyd, United Kingdom).

- pH meter (Model 210 A+, Thermo Orion, Germany)

- Powder characteristic tester (Model PT-N, Hosokawa/powder tester,
Japan)

- Scanning electron microscope (Model JSM-5410LV, Joel Ltd.,
Japan)

- Sieve shaker (Josef Deckehnann Aschaflenberg, Germany)

- Strain gauge (Type FLA-10-11, Lot NO. A 503811, Tokyo Sokki
Kenkyujo Co., Ltd., Japan)

- Strain indicator amplifier (Model 6003-F, Shikoh, Japan)

- Modified tap density tester (Chanchai Engineering, Thailand)



- The single punch tabletting machine (EKO, Viuhang Engineering,
Thailand)

- Ultraviolet/visible spectrophotrometer (Model V-530, Jasco, Japan)

- US Standard sieves (Laboratory test seve ASTM E11, Endecotts,
Ltd., USA)

- X-ray diffractometer (Model JDX-8030, Jeol, Japan)

- XY/XY-T recorder (Watanabe Instrument Corp. Model WX 4401

series, Japan)

32
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M ethods

1.Tabletting machine

1.1 Tooling

This experiment used a modified single punch tabletting machine
(EKO) which was driven at a constant speed of 30 rpm by a 10 horsepower electric
motor and pulley system. The machine was equipped with a set of three identical
concave punches and matching dies. The radius of curvature of the concave punches
and dies were equal to 3 mm. Three sets of punches and dies of 2.0, 2.25 and 2.5 mm
diameter were investigated. These special punch and die sets were shown in Figures
9-11.

1.2 For ce measur ement

The compressive force between punches and dies was measured using
strain gauge circuit. The general-purpose type FLA-10-11strain gauge of 10 mm size
was used. The strain gauge had an internal resistance of about 120+0.3Q2, with gauge
factor of 2.1. The strain gauge was mounted on upper plunger of tabletting machine.
The strain gauge was boned using a cyanoacrylate adhesive and was recoated with
epoxy adhesive as a protective coating. The strain gauge and the upper plunger
assembly are shown in Figure 12. The Shikoh dynamic strain meter, model 6003-F,
was used to measure the dynamic compressive force via the variation of the

Wheatstone bridge voltage.

The circuitry of Wheatstone bridge with one strain gauge is shown in Figure
13. The dynamic strain meter supplied the variation of the bridge voltage. The voltage

variation or the compressive force was recorded using a strip chart recorder.



1.2.1 Thecalibration of upper plunger

To calibration the compressive force acting on the upper
plunger, the “Avery” universal-testing machine was used. The assembly of the upper
plunger with the strain gauge was placed within the test section of the testing
machine. Using the same measuring equipment setup, a series of known forces was
applied to the plunger in the range of 100-1400 pounds force (Ib). The applied forces
and the corresponding output voltages were recorded. The caibration procedure was
repeated a few times. The results were averaged. The curve fitting obtained from the
force and voltage relationship are shown in Table 28 and Figure 59, respectively, in
Appendix A. The linear relationshiH and small variations of calibration data was
obtained from the forCe:[nea&Jremmt s?tup.

Figure 9 Special punches and dies of 2.00 mm diameter



Figure 10 Special punches and dies of 2.25 mm diameter

Figure 11 Special punches and dies of 2.50 mm diameter
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Before modified After modified

1. Strain gauge

Figure 12 A cross section c oper plunger
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LA = e ]

Figure 13 Function blocks diagram of press and associated measuring system
1. Upper plunger 2. Strain gauge 3. Upper punch 4. Wheatstone bridge

5. Strain indicator amplifier 6. Recorder




38

2. Formulation and preparation of sustained-release diclofenac sodium granule

The compositions of all formulations studied are presented in Table 7.

2.1 Preparation of diclofenac sodium (DS) granules for the studying the

effect of processing variable on properties of microtablets.

All materials from formulation F1 in table 1 were passed though a sieve #60
before use. Granules containing 30% w/w of diclofenac sodium (DS) were prepared
by wet granulation method. Fraction of DS, ethylcellulose (EC) and lactose, except
the magnesium stearate and aerosil were mixed in plastic bag by geometric dilution
method for 5 minutes. Then, 95%ethanol was sprayed pass through the nozzle onto
the powder and the mixture was mixed in a mortar until wet mass was obtained. The
wet mass was screened though a sieve #16 and dried at 50°c for 30 minutes. The dried
granules were rescreened through different mesh sizes of sieve #20, #25 or #30. Then,
the granules from different mesh size were characterized for their physica properties

such as flow rate, angle of repose and compressibility index.

2.2 Preparation of diclofenac sodium (DS) granules for the studying the

effect of formulation variable on the properties of microtablets.

Table 7 shows the DS formulations (F1-F11) for studying the effect of drug
load, types and amounts of polymers (EC and HPMC K15 M) and glycerides waxes
(compritol 888 ATO and tristearin). Granules were prepared by wet granulation
method as previously described in 2.1.
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Table 7 Composition of diclofenac sodium microtablets

Formulations

Ingredients(%ow/w) | F1 | F2 | F3 | F4 | F5 | F6 | F7 | F8 | F9 | F10 | F11

Diclofenac sodium 30 | 40 | 50 | 30 | 30 | 30 | 30 | 30 | 30O 30 30

Ethocel 10 cps. 30 | 30| 30|40 |50 |3 |3 ]3| 3| 3 30
Methocel K15M - - - - - 10 - - - - -
Compritol 88 ATO - - - - - - 10 | 20 | 25 - -
Tristearin - - - - = - - - - 20 -
Stearic acid - - - - - . - - - - 20
Lactose 37 | 27 | 17 | 27 | 17 | 27 | 27 | 17 | 13 17 17

Magnesium stearate 2 2 2 2 2 2 2 2 2 2 2

Aerosil 1 1 1 1 1 1 1 1 1 1 1

2.3 Evaluation of the granules

2.3.1 Determination of the angle of repose

The powder characteristic tester was used to determine the angles of
repose of granule. The angle of repose was measured from a heap carefully built up
by dropping the granule samples through a glass funnel to the horizonta plate. When
the angle of repose came to the desired condition. Then, the angle measuring arm was
moved by fingers to the position-at which the angle of repose could be measured in
accordance with the display. The angle of repose was averaged from three

determinations.

2.3.2 Determination of flow rate

Accurate weight of about 15 g of granules were filled in glass funnel
with 6-mm internal stem diameter fixed on the clamp. The time was recorded when
the granules started to flow until finished. The flow rate averaged from ten

determinations was reported in term of g/sec.
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2.3.3 Bulk density, tapped density and compressibility index

The bulk density (py) of the granules was determined by pouring 10 g
of the granule into a 25 ml graduated cylinder and measuring the volume of granule.
The graduated cylinder was tapped on a tap density tester through distance of 1.3 cm
until no further decrease in the granule volume was seen (approximately 100 times).
The tapped density (p:) was then calculated. Both densities were averaged from three
determinations. The Carr's compressibility was calculated from the following
equation.

Compressibility index = (pt- pp) x 100 [16]

Pt

2.3.4 Particlesize distribution

Particle size distribution was determined by sieve analysis, consisted of
set of US standard sieves, ranging from sieve #25, #30, #35, #40, #60, #140, #325 and
collection pan respectively. Approximately 50 g of granule was put on the top sieve
series. The sieves were placed on the sieve shaker and shaked for 20 minutes. The
granules retained on each sieve size were weighed and calculated in percent of total
weight.

3. Preparation of microtablets

The uniform dry granules were mixed with the premix of magnesium stearate
and aerosil, which were passed through sieve #80, in plastic bag for 5 minutes until
homogenous. The final granule blend was then compressed by using modified single
punch tabletting machine (EKO) equipped with special punches and dies as
previously described in 1.1.
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3.1 Effect of processing variables.

3.1.1 Effect of punch's position

The granules (formulation F1, table 7) were compressed into
microtablets by using 2.5 mm diameter punches at various forces of 400, 800 and
1,200 Ib, respectively. Tablets from different punch positions were characterized for
their physicochemical properties such as weight variation, thickness, hardness

including drug dissolution.

3.1.2 Effect of compaction pressure and surface area of
micr otablets

The granules (formulation F1) were compressed into microtablets by
using 2.0, 2.25 and 2.5 mm diameter punches at various forces of 400, 800 and 1,200
Ib. The tablet weight was adjusted to approximately 10 mg

3.2 Effect of formulation variables.

The granules (all formulations in table 7) were compressed to 10-mg tablet by
using concave punches of 2.5 mm in diameter. The mean compaction pressure was
800 Ib.

3.3 Evaluation of microtablets

3.3.1 Morphology
The microtablets were examined under a scanning eletron microscope
(SEM) for morphological evaluation. The shape and surface topography of

microtablets were determined. The samples were prepared by gold sputtering

technique before SEM examination.
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3.3.2 Friability

The friability of microtablets was determined by a friabilator. Twenty
microtablets were weighed by an analytical balance "wy". Twenty microtablets and
five stainless sphere (each sphere weight 1.06 g and diameter 6.34 mm) to increase
the mechanical stress on the microtablets, were filled into a PV C container and rotated
at 25 rpm for 4 minutes. The microtablets were reweighed again after the dust was
eliminated, "w". The percent of friability was calculated based on the following
equation. The results were obtained from the average of three determinations.

% Friability = {(wo- W) / wg} x 100 [17]

3.3.3Weight variation

The weight variation of microtablets was determined by an analytical
balance. Twenty microtablets were individualy weighed. The mean and standard

deviation were averaged from twenty microtablets determinations.

Weight variation of capsule

The DS microtablets were filled into hard gelatin capsule size No.1 by
using semi-auto capsule filling (Model Panviv. AOI). The weight variation of 20
capsules were selected from 50 capsules of total filling and determined by an
analytical balance. The mean weight of DS microtablets which filled into capsule and
coefficient of fill weight variation were evaluated.

3.3.4 Hardness and appar ent tensile strength

A diametral compression test was performed with an instrumented
uniaxial press, Lloyd instrument, equipped with a 100 N load cell and operated at a
crosshead rate of 0.5 mm/min. All tablets tested in this manner underwent tensile
failure alowing the data (hardness) converted to apparent tensile strength, tsyp. The
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apparent tensile strength was calculated as describe by Lennartz P. and Mielck J.B.
(Lennartz P. et al., 1998)

tSpp = 2F x (KD [3]

1t xDxt

where F = crushing force, t istablets thickness, D is diameter and K is a constant.

3.3.5 Thickness

The thickness of ten individual tablets was determined using a
micrometer for each batch. The sample mean and standard deviation of each batch of
tablets were cal cul ated.

3.3.6 The X-ray diffraction

The X-ray diffractometer was used to determine the diffraction angle
of the substance, which showed crystallinity and interplanar spacing of the crystal
planes and determined the interaction between each component in mixing and

tabletting process.

The crystallinity of microtablets was examined by X-ray
diffractometry. The samples for X-ray diffraction studied were milled and were firmly
packed into the cavity of thin rectangular metal plate using two glass slides which was
fastened to the metal plate with adhesive tape. The first glass slide was then removed
and the prepared sample was taken to expose to the X-ray diffraction chamber. The
X-ray diffraction patterns were recorded from 5°-90° terms of 26 angle.

3.3.7 The IR spectroscopy
Infrared spectroscopy was used to confirm the functional groups of

substances and products after production process by observing the intensities of IR
peaks.



44

The IR spectra of microtablets were determined by milling the samples
with KBr at aratio of 1:100. Then, it was detected with an infrared spectrophotometer

in range of the wavelength 4000-400 cm™. The resolution was 8.0.

3.3.8 The differential scanning calorimetry

Thermal analysis is the most common approach to study
physicochemical interactions of two or more component system. The thermograms of
microtablets were recorded on a thermal analyzer. About 3-4 g of milled sample was
put onto the aluminum pan. The sample was taken into the condition that had been
purged with liquid nitrogen gas. The condition used the heating rate of 10°C/min and
temperature between 30°C and 300°C.

3.3.9 Surface Area Analyzer

The specific surface area of microtablets was determined by BET
adsorption method using surface area analytical equipment. The specific surface area
was automatically calculated. The amount of nitrogen gas was released into the
system at 5%, 12%, 18% and 24%, respectively. The principal of surface area
measurement was nitrogen adsorption on the surface area of testing material. Thereby,
the resultant record would be shown in term of m%g of DS microtablets.

3.3.10 Calculation of surface area and volume of matrix tablets

The surface area of concave tablets can be calculated from following
equation (Bauer et al., 1996).

O = 2r (rw+r*+h?) [18]

wherer = radius of tablet, w = centra cylinder thickness h = overall tablets thickness
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Moreover, the volume of a concave face tablet can also be computed
from the sum of the volume of cylinder and two spherical segments (Bauer et al.,
1996).

V= nx(rPw+r’h+3h) [19]

wherer = radius of tablet, w = central cylinder thickness h = overall tablets thickness
3.3.10 Por osity deter mination

The porosity of microtablets were calculated following equation
(Dabbagh et a., 1994)

= (1-plp) x 100 [20]

where: & = porosity of matrix tablet
o = the apparent density of the compact at any give pressure
o = the granules density (mixed granules before compression)
o of the granules was determined using helium pycnometer
(Ultrapycnometer, Quantachorm, USA). The dimensions of the tablets were measured
using avernier caliper and used to calculate the tablet volume in order to determine o
for each tablet. The mean of ten determinations was used for the determination of
porosity of matrices tablets at each compaction pressure.

3.3.12 Drug_content and uniformity of drug content of DS in
microtablets

The drug content and uniformity of drug content of DS in microtablets
was quantitatively determined by mean of absorption peak area ratio from HPLC
method.
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HPLC Analysis

HPL C chromatographic conditions:

Column : Hypersil® C18 column (250x4.6 mm), 5um
(UK)

Detector : UV detector was set at 275 nm

Flow rate : LOml/min

Injection volume - 20 pl

Internal standard - ethyl paraben 5 png/mi

Mobile phase : A mixture of 0.1M acetate buffer pH4.2 and

acetonitrile, 45:55 % v/v
Retention times : ethyl paraben 4.3 min

diclofenac sodium 6.5 min

The calibration curve of DS is shown in Figure 62, respectively, in Appendix

A. Each concentration was determined in triplicate.

Preparation of ethyl paraben internal standard solution, About 50
mg of ethyl paraben was accurately weighed in a 10-ml volumetric flask followed by
addition of 5 ml of methanol HPLC grade. The flask was shaken until the compound
completely dissolved and then adjusted to volume with methanol HPLC grade. One
ml of solution was pipetted to 100-ml volumetric flask and diluted to volume with

methanol HPL C grade. The concentration of ethyl paraben was 50 ug/ml.

Preparation of DS standard solutions, About 50-mg of DS was
accurately weighed in a 25 ml of volumetric flask. Twenty milliliter of methanol
HPLC grade was added to dissolve the drug. After dissolution, the solution was
adjusted to volume with the solvent. One ml was pipetted into 100 volumetric flask
and further diluted to volume with mobile phase. The final concentration of this

standard stock solution was 20 pg/ml.
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The 1, 2, 3, 4 and 5 ml of the standard stock solution were separately
pipetted and transferred into five 10 ml of volumetric flasks, each containing 1 ml of
the internal standard solution. All flasks were subsequently diluted to volume with
mobile phase so that the final concentrations were 2, 4, 6, 8 and 10 pg/ml,
respectively. The final concentration of ethyl paraben internal standard was equal to 5

ug/ml in all solution.

Preparation of pH 4.2, 0.1M acetate buffer, Sodium acetate (13.608
g) was dissolved in 980 ml of distilled water. The pH of solution was adjusted to 4.2
with dropwise addition of glacial acetic acid. The final volume was subsequently
adjusted to 1000 ml with distilled water.

Assay of DS content in matrices, Twenty tablets of each formulation
were weighed and pulverized by mortar and pestle. Then, the powder was accurately
weighed equivaent to one tablet into a 50-ml volumetric flask, which was then filled
with 35 ml of methanol HPLC grade and sonicated for 60 minutes. Afterwards, the
volumetric flask was adjusted to volume by methanol HPLC grade and mixed
thoroughly. The solution was filtered through 0.45 um membrane filter paper and
used as stock solution. The final concentration of this stock solution was 60 pg/ml.
One ml of sample stock solutions was pipetted and mixed with one ml of internal
standard solution in 10 ml volumetric flask. Then, adjusted to 10 ml and mixed
thoroughly. Finally, the final concentration of sample solution and interna standard

were 6 ug/ml and 5 pg/ml, respectively. Each sample was determined in triplicate.

Assay for uniformity of drug content DS in matrices, Ten
microtablets was taken by random sampling. Each microtablet was filled into a 10 ml
volumetric flask. Then, dissolved with methanol HPLC grade and sonicated for 60
minutes. Each solution was adjusted to 10 ml with methanol HPLC grade and mixed
thoroughly. The solution was filtered through 0.45-pm membrane. Then, two ml of
this solution was pipetted and transferred into a 10 ml of volumetric flask. Methanol
was added to volume and mixed. The solution was used as stock solution. The final
concentration of this stock solution was being 60 pg/ml. One ml of sample stock

solutions was pipetted and mixed with one ml of interna standard solution in 10 ml
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volumetric flask. Then, the volumetric flask was adjusted to volume by mobile phase
and mixed thoroughly. Finaly, the fina concentrations of sample solution and

internal standard prior to HPLC analysiswere 6 ng/ml and 5 png/ml, respectively.

Validation of HPLC method

The analytical parameters used for the assay validation were
specification, accuracy, precision and linearity (USP24/NF19, 1999).

Specificity

Under the chromatographic condition used, the peak of DS had to be
completely separated from and not interfered by the peak of other components in the
sample. Non-active ingredients, including EC, HPMC K15M, compritol 888 ATO and
tristearin, mixed with internal standard were prepared and injected. The
chromatograms were evaluated by comparing with the standard solution of diclofenac

sodium.

Accuracy

Standard solutions of DS having concentrations of 6 pg/ml were
prepared and injected. The percentage of the analytical recovery of each standard

solution was cal cul ated.

Precision

Within Run Precision, The within run precision was determined by
analyzing three sets of five standard solutions of DS in the same day. Peak area ratios
of DS to ethyl paraben were compared and percentage coefficients of variation

(%CV) of each concentration were determined.

Between Run Precision, The between run precision was determined

by comparing each concentration of DS standard solutions that were prepared and
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injected on different days. The percentage coefficient of variation (%CV) DS to ther
internal standard peak area ratios from the three sets of standard solutions having the

same concentration were determined.

Linearity

DS standard solutions ranging from 2 to 10 ug/ml were prepared and
analyzed. Linear regression analysis of peak area ratios versus their concentrations

was performed.

3.3.13 Dissolution study

The aqueous solubility of DS is dependent on pH. The solubility is
poor at low values of pH but when the pH rises above the pKa (pKa in water is 4),
rapid increases in solubility occur (Lund, 1996). For drugs that exhibit pH-dependent
solubility and dissolution behaviors, dissolution screening at pH media should be
performed (Khan, 1996)

As controlled release tablets were supposed to pass the entire upper
gastrointestinal tract, it would be ideal when the release of drug was constant over a
wide range of pH values (from 1 to about 7). Therefore, an in vitro test for controlled
release tablets for controlled release tablets should at least cover this pH range
(Jonkman and De Zeeuw, 1993)

In this study, a specia attention was paid to the effect of pH of
dissolution medium on the release of diclofenac sodium from microtablets, therefore,
the two dissolution system, pH-change and phosphate buffer pH 6.8 system were
studied.

Microtablets equivalent to 75 mg of DS wasfilled into a capsule. Three
capsules for each formulation were evaluated. Nine hundred milliliters of 0.1 N HCI
(pH change system) or one thousand milliliters of phosphate buffer pH 6.8 (phosphate
buffer pH 6.8 system) was placed in a glass vessel specified in USP dissolution test
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(apparatus 11). In order to study the effect of punch position, dissolution studies were
carried out on asingle tablet of each punch position. Two hundred and fifty milliliters
of 0.IN HCI or 280 milliliters of phosphate buffer pH 6.8 systems were used with
apparatus 11. In al cases, the medium was equilibrated to 37+0.5°C. The distal
paddles were calibrated at 2.5 cm above the bottom of vessel. The apparatus was
operated at a speed of 50 rpm.

In the dissolution model with pH change, the pH of the medium was
kept at pH 1.2 using 0.1N HCI for two hours, then the pH was increased to 6.8 by
adding 4.4064 g of NaOH followed by 6.125 g of KH,PO, dissolved in 100 milliliters
of 0.IN HCI. In case of testing single tablet 1.2192 g of NaOH and 1.8375 g of
KH,PO,4in 30 milliliters of 0.1N HCI were dissolved. Then the solution was added to
medium (0.1N HCI) for increasing pH to 6.8. All fluids were deaerated before use by
boiling.

Ten milliliters of the specimen were withdrawn at the time interval of
05,10,15,20,25,30,35,4,45,5,6,7, 8, 10, 12, 14, 17, 20 and 24 hours and the
medium was replaced immediately after each sampling to keep the volume of the

medium constant during the experiment.

Each sample was filtered through paper filter (Whatman® NO.1). The
first one milliliter of filtrate was discarded and was diluted to suitable concentration,
which gave the absorbance between 0.2-0.8. The absorbance of each sample was
spectrophotometrically assayed at 271 nm for 0.IN HCI and 275 nm for phosphate
buffer pH 6.8.

The amount of DS release at any time interval was calculated from
calibration curve. A cumulative correlation was made for the previously removed

sample to determine the total amount of drug release.
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Calibration curve of diclofenac sodium

In 0.1N HCI solution

DS 50 mg was accurately weighed into a 200-ml volumetric flask and
dissolved with deionized water, then adjusted to volume. The solution was used as
stock solution.

The 1, 2, 3, 4 and 5 ml stock solution was individually pipetted into 50
ml volumetric flask and then diluted to volume with 0.IN HCI. The final
concentration of each solution was 5, 10, 15, 20 and 25 pm/ml, respectively.

The solution was assayed spectrophotometrically assayed at 271 nm.
The absorbance and calibration curve of diclofenac sodium in 0.1N HCI are shown in
Table 29 and Figure 60, respectively in Appendix A. Each concentration was
determined in triplicate.

In phosphate buffer pH 6.8

DS 50 mg was accurately weighed into a 200-ml volumetric flask and
dissolved with phosphate buffer pH 6.8, then adjusted to volume. The solution was

used as stock solution.

The 1, 2, 3, 4 and 5 ml stock solution was individually pipetted into 50
ml volumetric flask and then diluted to volume with phosphate buffer pH 6.8. The
final concentration of each solution was 5, 10, 15, 20 and 25 um/ml, respectively.

The solution was assayed spectrophotometrically assayed at 275 nm.
The absorbance and calibration curve of diclofenac sodium in phosphate buffer pH
6.80-are shown in Table 30 and Figure 61, respectively in the appendix A. Each

concentration was determined in triplicate.



CHAPTER IV

RESULTSAND DISCUSSIONS

1. Selection of appropriate mesh size of sieve for preparing DS granule

The flow properties of DS granules that were prepared by various mesh sizes
of sieve were investigated. The results of DS granules investigated by various

parameters, which supported for flow properties, are presented in Table 8.

1.1 Theflow rate

The flow rates of granule formulations F1#20, F1#25 and F1#30,
passed through the sieve in different sizes #20, #25 and #30 respectively, were 2.03,
2.13 and 2.35 g/sec. It was found that the flow rate increased when the granules were
screened through smaller aperture. In addition, when tested with the one-way
ANOVA, the test showed statistically significant difference (P<0.05) in the flow rate
of granule of all sample formulations studied (Table 97, appendix D). This was
explained by the F1#30 had narrow particle size than that of F1#20 and F1#25,
indicating that the formulation F1#30 showed faster flow than F1#20 and F1#25.

1.2 Theangle of repose
The angles of repose of the granules from various mesh sizes of sieve
are reported in Table 8. The angles of repose of al formulations were within 33°-34°,
which indicated of good flowability (Nagel and Peck, 2003).
1.3 Bulk density, Tapped density and Compressibility index
The bulk density and tapped density of granules F1#30 was higher than

the granule of formulations F1#25 and F1#20, respectively. Particle with high-density

and low-internal porosity tended to posses free-flowing characteristic (Nagel and
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Peck, 2003). Thus, the granules F1#30 had better flow than formulation F1#20 and
F1#25. The bulk density was described the packing behavior of granules. A higher
bulk density had advantage in tabletting because of a reduction in the fill volume of
die(Hoet al., 1997).

The Carr’s compressibility index was used for prediction of powder
flow characteristic. The low percentage of compressibility indicated the free flowing
property (Gordon et al., 1990). The compressibility of granules prepared by various

mesh sizes are shown in Table 8.

For the DS granule F1#30, the compressibility index was lower than
the granule F1#25 and F1#20, respectively. This result indicated that granule F1#30
had better flow property than granules F1#20 and F1#25 because granule F1#30 had

the lowest percentage of compressibility.

Table 8 The Physical properties of DS granule for preparing from different mesh size

of seve
Angle of
Flow rate Bulk Tapped Carr'sindex
. repose . .
Formulation (g/sec) x2) density(g/ml) | density(g/ml) (%)
n=5 n=3 n=3 n=3
n=3
0.51 0.57 11.27
F1#20 2.03(0.019) | 33.80(0.058)
(0.004) (0.006) (1.380)
0.52 0.57 9.34
F1#25 2.13(0.051) | 33.90(0.569)
(0.004) (0.002) (0.447)
0.59 0.63 6.26
F1#30 2.35(0.037) | 33.20(0.643)
(0.002) (0.002) (0.66)

These results of bulk density, tapped density and compressibility index

indicated that the granules F1#30 had free flowing properties than granules F1#20 and

F1#25.




1.4 Theparticlesizedistribution

The particle size distributions of DS granule at various mesh sizes of
sieve are shown in Figure 14. It was observed that the particle size of DS granules of
formulation F1#30, prepared by sieve #30, was smaler than those formulations
prepared by using the sieve #20 and #25. Moreover, it was found that the granules of
formulation prepared by sieve #20 and #25 had broader size distribution than granules
prepared by using a 30 mesh sieve. The results were related to flow rate determination
that the powder and granules had narrow size distribution, which generally indicated
good flow (Gordon et al., 1990; Nagel K.M. and Peck, G.E., 2003).

From the results of flow properties and the particle size distributions of
DS granules indicated that the DS granules prepared by sieve #30 were more suitable
for microtabletting.

% weight
100 F $22. L |
901 —e— F1#20
80 -
—>¢ F1#25
0 —a— F1#30
60 -

22 97 172 247 322 397 472 547 622 697 772

Particle size (um)

Figure 14 Particle size distributions of DS granules prepared by various mesh sizes of

sieve
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2. Evaluation of diclofenac sodium granules

All formulations could be prepared as DS granules, except the formulation
F11 which produced damp undesirable rubbery and sticky mass on a sieve. This was
due to the influence of high amount of stearic acid which had low melting point of 55-
59°C (Sci-toys; Arthur, H.K. 2000). Hence, the damp mass could not pass through the
sieve. Table 9 shows that the physical properties such as flow rate, angle of repose,
bulk density, tapped density, and Carr’s compressibility index of DS granules.

2.1 Theflow rate

2.1.1 Theinfluence of DS content on the flow property of granules

The flow rates of granules of formulations F1-F3 from Table 9 were
decreased from 2.35 to 2.32 and 2.30 g/sec when increasing the amount of DS from
30% to 40% and 50%, respectively. It was observed that the flow rates of granules
were decreased when the amounts of DS were increased. This was due to crystal habit
of DS is crystalline powder as rod shape which gave poor flowability as seen in
Figure 65 in Appendix E. Thus, increasing the drug load caused decrease the flow
rate.

2.1.2 The influence of types and amounts of polymers and

glycerideson the flow property of granules

For the formulations F4 and F5 which combined 30%DS with various
amounts of EC (40%-50%), the flow rate of granules of formulation F4 was 2.36
g/sec wheress, the formulation F5 showed slower flow rate. However, the flow rate
of formulation F4 was similar to that of formulation F1, which contained 30%EC in

formulation.

For the formulations F6-F10 which contained 30%DS, 30%EC and
additional polymer (HPMC K15 M) or glyceride waxes (compritol 888 ATO,
tristearin) into the formulations, the flow rates were significantly decreased when the
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formulations combined EC with HPMC K15M (formulation F6) or EC with
glycerides waxes (formulation F7-F10) as matrices former. The flow rates of granules
formulation F6 was 2.12 g/sec, which was faster than that of the formulations F7-F10.

Table 9 The Physical properties of DS granule of all formulation

Angle of Bulk Tapped
Flow rate , _ Carr's
_ repose density density _
Formulation (g/sec) index (%)
. (X°) (g/ml) (g/ml) =3
n=3 n=3 n=3

F1 2.35 33.20 0.59 0.63 6.26
(0.037) (0.643) (0.002) (0.002) (0.660)

2.33 33.50 0.60 0.65 8.58
& (0.019) (0.153) (0.014) (0.020) (0.561)

2.30 34.47 0.61 0.67 9.31
= (0.033) (0.231) (0.009) (0.018) (1.954)

2.36 35.17 0.58 0.64 8.19
~ (0.025) (1.320) (0.003) (0.007) (0.612)
- 2.27 35.63 0.54 0.61 10.81
(0.028) (0.777) (0.00) (0.000) (0.000)

- 213 38.03 0.50 0.55 8.03
(0.016) (0.586) (0.014) (0.005) (1.934)

2.08 38.47 0.52 0.55 6.04
i (0.031) (0.404) (0.005) (0.002) (1.015)

- 2.00 38.33 0.49 0.52 6.54
(0.032) (0.351) (0.002) (0.002) (0.255)

X 1.95 38.83 0.48 0.52 7.42
(0.029) (0.603) (0.004) (0.006) (0.333)

10 1.93 40.77 0.50 0.54 6.05
(0.021) (0.306) (0.009) (0.007) (0.400)

F11* - - - - -

Figures in parentheses represent the standard deviation

* The granule could not be prepared.
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Tsai et a. (1998) were explained that when the powder was granul ated
with different materials, the surface area, morphology and cohesive forces between
the particulate might greatly affect on the flowability. A mixture of drug and matrix
former might migrate to the surface of treated granules. Consequently, flowability of
granules could be altered by the cohesion of the matrix forming materials on the
surface of granules. This retardation of flowability would be more significant as the
granulating amount increased. The increasing the amount of EC and adding HPMC
K15M into the formulation lead to increase the amount of EC or HPMC K15M
particles around the surface of granules. In addition, EC was of rod shape and HPMC
was fibrous or cylindrical shape (Arthur et al., 2000) which also expressed the poor
flowability. Hence, the flow rates of granules were decreased due to both increasing

of the cohesive effect and morphological of matrix formers.

For the formulations F7-F9 with the increasing amount of compritol
888 ATO, it was observed that the flow rates were decreased from 2.08 to 2.0 and
1.95 g/sec, respectively. It might be explained that the higher amount of waxy
materials such as compritol 888 ATO and tristearin in the inner part of granules were
directly reduced the binding activity of granules and also lead to decrease |ubrication
property. It was due to the fact that maximum capacity of lubrication effect would be
occurred as the smallest particle size of lubricants were used and homogeneously
distributed around the outer of granules. But in this study, compritol 888 ATO were
placed in the inner granule by conventional wet granulation process thus maximum
lubrication effect could not take place. Moreover, the flow rate of formulation F10
that combined EC with tristearin at 3:2 weight ratios was 1.93 g/sec. While
comparison to the compritol formulation (F7-F9), it was appeared that tristearin
formulation (F10) showed slower flow rate. Since the formulation F10 had boarder
size distribution and lower bulk density than the others.

2.2 The angle of repose

The angles of repose of granules of formulation F1-F5 were within the
range of 33.23°-35.63°, which indicated of good flowability. The angles of repose of
granules of formulations F6-F10 were ranged from 35.16°-40.76° indicating of fair
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flowability (Gordon et a., 1990). The angle of repose of formulation contained EC
alone was lower than that of the formulations combined EC with HPMC K15M or EC
with glyceride waxes. It could be seen that the results of angle of repose and flow rate

wererelated in al formulations.

2.3 Bulk density and tapped density

The bulk density of a powder depended on the particle size
distribution, particle shape, and the tendency of the particle to adhere together (Martin
et a., 1993). The bulk density and tapped density of DS granules at various
percentages of drug load, types and amounts of polymers or glycerides waxes are
presented in Table 9. The bulk density and tapped density of DS granule from
formulations F1-F5 were higher than those of formulations F6-F10. It was observed
that the bulk and tapped densities of granules were decreased when the composition
of granules were admixed with EC and HPMC K15M or EC and glycerides waxes.
Harwood and Pilpel (1968) investigated the effect of granule size and shape on the
bulk density of griseofluvin granulations. The bulk density of granules decreased
when particle size of granules was increased. The smaller granules were able to form
acloser, more intimate packing than were larger granules. For this study, it was found
that the amount of large granules and fine particles were both increased when the
formulations comprised of EC with HPMC K15M or glyceride waxes. Hence,
formulation F6-F10 had broader particle size distribution and higher amount of large
particle size of granule than F1, it caused lower of bulk density when compared with

formulation F1.

2.4 Compressibility index

The compressibility index was to predict the powder flow
characteristics. Low percentage of compressibility indicated free flowing property
(Gordon et al., 1990). The compressibility indexes of granule formulations F1-F10 are
presented in Table 9. It could be seen that the compressibility indexes were increased
when increasing the amounts of glyceride waxes or polymers in formulation.

Furthermore, the compressibility indexes were decreased by additional with glyceride
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waxes a low amount. However, increasing the glyceride waxes at higher

concentration would result in higher compressibility indexes.

2.5 Particle size distribution

The particle size distributions of DS granules are shown in Figures 15-
16. The particle size distributions were affected by the composition in the formulation
such as amounts and types of polymers or glycerides waxes as illustrated in Figures
16. The amount of large granules and fine particle were increased when the
formulations combined EC with HPMC K15M or glyceride waxes and increasing the
amount of matrix former. As a result, the amount of fine particle was increased and
had broad size particle distribution that affected to poor flowability. Different drug
loading (30% to 50%) had little effect on the particle size distribution as shown in
Figure 15.

BF1 B8F2

F3 EF4

OF5

337.5 177.5 75 225
Particle size(um)

Figure 15 Particle size distribution of granules from formulations F1 (DS: EC; 3:1),
F2 (DS: EC; 4:1), F3 (DS: EC; 5:1), F4 (DS: EC; 1:4), F5 (DS: EC; 1:5)
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Figure 16 Particle size distribution of granules from formulations F1 (DS: EC; 3:1),

F6 (DS: HPMC K15M; 3:1), F7 (DS: Compritol® 888 ATO; 3:1), F8 (DS:Compritol®

888 ATO; 3:2), F9 (DS: Compritol® 888 ATQ; 3:2.5), F10 (DS: Tristearin®; 3:2)

3. Evaluation of DS microtablets

3.1 Effect of punch positions on the properties of microtablets

3.1.1 Weight variation and friability

The mean and standard deviation in weight of microtablets prepared
from different punch position, P1, P2 and P3 at various compression forces are
presented in Table 10. The weight of microtablets at various punch position was not
different and was passed the specification in officia ‘standard USP. XXIV (average

difference of less than 10%).

The % friability of microtablets from different punch position at
different compression forces were in the range of 0.09-0.1% that less than 0.6% as
presented in Table 10. Therefore, the % friability passed the specification in official
standard USP XXI1V.
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3.1.3 Hardness

The mean and standard deviation of hardness of microtablets are
displayed in Table 10 and Figure 17. The One-way ANOV A showed no statistically
significant difference (P>0.05) in hardness of microtablets that were prepared from
different punch positions at the same compression force (Table 98, 99, and 100 in
Appendix D). The results indicated that each microtablet which was prepared from
different punch position received equivalent pressure for compressing microtablet.
Moreover, the hardness of microtablets increased when increasing the compression

forces.

3400 Ib
0800 Ib
&1 1200 Ib

1200 Ib

force (Ib)

position of punch

Figure 17 Effect-of punch positions (P1, P2 and P3) on the hardness of microtablets

prepared with various compression forces



Table 10 Physical properties of diclofenac sodium microtablets prepared from different punch position
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400 [b 800 Ib 1,200 1b
P1 P2 P3 P1 P2 P3 P1 P2 P3

weight variation | 15.502 15.638 15994 | 16.652 15.862 16.657 15.727 15.366 15.700
(mg/tab) (0.183) (0.309) (0.258) | (0.446) | (0.324) (0.234) (0.193) | (0.148) | (0.232)
Thickness 2.9316 2.8950 2.8917 | 27083 | 26900 2.6933 25550 | 25617 | 25850
(mm) (0.008) (0.008) (0.026) | (0.014) | (0.009) (0.060) (0.176) | (0.031) | (0.0509)

% friability 0. 091 0.098 0.094 0.092 0.095 0.093 0.095 0.092 0.100
Hardness 17.420 16.795 17.320 24.02 23.663 24.485 29281 | 29.082 | 29550
(N) (1.690) (1.270) (1.394) | (1.136) | (1.071) (1.773) (0.964) | (1012) | (1.347)

Figures in parentheses represent the standard deviation

P1, P2 and P3 were arranged in order from left-hand to right-hand side, respectively.
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3.1.4 Thickness

The thickness of microtablets prepared from punch position P1, P2 and
P3 at the same compression force were not different. The thickness of microtablets
was decreased when increasing the compression forces because of the induction
among particles closely attached with each other and interparticulate bonding. The

mean and standard deviation of thickness of microtablets are displayed in Table 10.

3.1.5 Dissolution study

The meatrix tablets formulation F1 that contained 30% DS, 30% EC
and 40% diluents was used in this study. The dissolution studies were carried on a
single microtablet of each punch position (P1, P2 and P3) which was compressed at
the same compression force. All release studies of DS microtablets were evaluated in
pH-change dissolution system. The dissolution profiles of microtables from different
punch position at compression forces of 400, 800 and 1,200 Ib are shown in Figures
18, 20, and 22, respectively. In pH- change system, these microtablets were tested in
acid stage (0.1N HCI, pH 1.2) for 2 hours. The percentages of drug released of all
punch positions at the same compression force were less than 1% that the amount
released was almost negligible. When the dissolution medium was changed to pH 6.8
(phosphate buffer), the percentage of drug release were rapidly raised to 30%-50% in
al cases (shown in Figures 18, 20, and 22). The mean times for 50% drug release
(Tsov values) of microtablets from different punch position are presented in table 11.
The results from dissolution profiles and Tsg indicated that the release of DS from
microtablets was strongly medium dependent. DS was a salt of a weak acid (2-[2, 6-
dichloropheny) amino] benzeneacetic acid monosodium salt). Therefore, the solubility
was strongly depended on the ionization constant, K, and the pH of the dissolution
medium (Kincl et a., 2004). In 0.1N HCl medium, DS was neutralized with hydrogen
ion and precipitated on or in the matrix. Most DS could dissolve in phosphate buffer
pH 6.8 therefore most drugs were in this medium (Sheu et.al, 1992).

In order to study the drug release kinetics of the investigated

microtablets, the dissolution profiles were analyzed according to the zero-order, first-
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order and Higuchi’s square root equations which were analyzed the first 80% of
release curve (Table 11 and 12). In al cases, the most suitable mathematical model
for describing the experimental data was the first-order. In addition, when tested with
the ANOVA, the statistic test showed no statistically significant difference (P>0.05)
in the drug release rate constant, Kr (the slope of log percentage drug remained as a
function of time) of microtablets from each punch position (P1, P2 and P3) that were
compressed at the same condition (Table 101 in appendix D). Thus the punch position
did not affect the dissolution rate when the microtablets were produced at the same
condition. The first order release profiles of DS microtablet from different punch
position (P1, P2 and P3) at compression forces of 400, 800 and 1,200 Ib (phosphate
buffer pH 6.8) are depicted in Figures 19, 21, and 23, respectively.

From this study, al results indicated that different punch positions in
this study did not affect physicochemica properties of DS microtablets, if the

microtablets were prepared at the same compression force.
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Figure 18 Dissolution profiles of DS microtablets from punch positions P1, P2 and

P3 at compression force of 400 Ib in pH-change system
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Figure 19 The first order plot of DS microtablets from punch positions P1, P2 and P3

at compression force of 400 Ib in pH-change system
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Figure 20 Dissolution profiles of DS microtablets from punch positions P1, P2 and

P3 at compression force of 800 Ib in pH-change system
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Figure 21 Thefirst order plot of DS microtablets from punch positions P1, P2 and P3

at compression force of 800 Ib in pH-change system
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Figure 22 Dissolution profiles of DS microtablets from punch positions P1, P2 and
P3 at compression force of 1,200 b in pH-change system
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Figure 23 The first order plot of DS microtabltes from punch positions P1, P2 and P3

at compression force of 1,200 Ibin medium pH 6.8
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Table 11 Value of Tsy (hrs) and the first-order release rate, Kr (hr') of DS

microtablets
4001b 800 Ib 1,200 1b
P1 P2 P3 P1 P2 P3 P1 P2 P3
TSO%
4.48 4.36 4.03 4.47 451 4.36 4.07 5.03 431
(hrs.)
Kr
) 0.0614 | 0.0608 | 0.0606 | 0.0725 | 0.0711 | 0.0735 | 0.1111 | 0.0829 | 0.0970
I
+0.0261 | £0.0223 | £0.0175 | £0.0378 | £0.0279 | £0.0275 | £0.0167 | £0.0195 | £0.0374
(meanzsd.)
Table 12 Correlation of determination (%) of relationships between log percentage
drug remained versus time (first-order), percentage drug released versus square root
time (Higuchi’ s equation), and drug released versus time (zero-order)
, 4001b 800 Ib 1,200 Ib
r first | Higuchi | zero first | Higuchi | zero first | Higuchi | zero
order order order order | order order
P1 0.9924 [ 0.9657 |0.9133 [ 0.9642 | 0.9470 | 0.8555 [ 0.9962 | 0.9694 | 0.9357
P2 0.9842 | 0.9529 | 0.8953 | 0.9837 | 0.9642 |0.8870 | 0.9998 | 0.9905 | 0.9624
P3 0.9624 | 0.9147 |0.8457 |0.9884 | 0.9242 | 0.8556 [ 0.9994 | 0.9558 | 0.8983
3.2 Effect of compression forces and punch sizes on the properties of
microtablets

3.2.1 Morphology of DS microtablets

The observation of surface, dimension and shape was done by

scanning electron microscopy. The scanning electron photomicrographs of
microtablets containing 30% EC, 30% DS and 40% diluents (formulation F1) that
were prepared by various compression forces (400-1,200 Ib) and punch sizes (2.00-
2.50 mm) are shown in Figure 24. The surface area of microtablets prepared with
higher compression force was smoother than that of microtablets compressed with
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lower compression force. More fissures were seen at the surface of DS microtablets
compressed at the lowest compression force. Moreover, the compression forces and
punch sizes were varied thus the dimensions of DS microtablets were changed.
Therefore, it affected the surfaces area and volumes of microtablets. The results of
calculated surfaces area and volumes of microtablets are presented in Table 13. The
results showed that the volumes of the matrix microtablets tended to increase when
increasing the diameter of punches and decrease with the increasing compression
force. This caused the surface area to volumes ratio of microtablets to decrease. As
the diameter of the punch increases, the same compression force used to be has
distributed more over the increase compression area and less force was therefore
transmitted through the compact mass. This resulted in higher porosity as well as

volumes of tablets.

Table 13 The results of calculated surface area, volume and surface area-volume ratio

of DS microtablets prepared by various compression forces and punch sizes

2.00 mm 2.25mm 2.50 mm

4001b | 800Ib | 12001b | 4001b | 800Ib | 12001b | 4001b | 8001b | 1200 Ib

Surface

20.873 | 20.658 | 20.261 | 20.934 | 20.331 | 20.124 | 21.799 | 21.390 | 20.739
area
) (0.205) | (0.111) | (0.198) | (0.164) | (0.175) | (0.201) | (0.104) | (0.145) | (0.218)
mm

Volume | 7.780 | 7.682 | 7.484 | 8.104 | 7.765 | 7.648 | 8.729 | 8474 | 8.067
(mm?) | (0.102) | (0.055) | (0.099) | (0.093) | (0.099) | (0.099) | (0.066) | (0.091) | (0.136)

Surface
areato 2.679 2.689 2.707 2.583 2.618 2.631 2.497 2.524 2572
volume | (0.008) | (0.005) | (0.009) | (0.009).| (0.011) | (0.013). | (0.006) | (0.009) | (0.016)

ratio

Parentheses represent the standard deviation, n=10

3.2.2 Weight variation and friability

Table 14 shows the results of the physical properties of microtablets
which were prepared from various compression forces and punch sizes. The results
showed that the mean weight and friability of DS microtablets were within the limit of
standard official USP XXI1V.
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400 Ib, 2.50mm 800 Ib, 2.50mm 1,200 Ib, 2.50mm

Sedpm 128918

800 Ib, 2.25mm 1,200 Ib, 2.25mm

400 Ib, 2.00 mm 800 Ib, 2.00mm 1,200 Ib, 2.00mm

Figure 24 Scanning electron photomicrograph of DS microtablet prepared from punch
sizes 2.00, 2.25 and 2.50 mm and various the compression forces (400-1,200 Ib) (the

surface of microtablet x35)



Table 14 Physical properties of DS microtablets from formulation F1
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2.00 mm 2.25mm 2.50 mm
400 Ib 800 Ib 1,200 b 400 Ib 800 1b 1,2001b 400 Ib 8001b 1,200 Ib
Weight
variation 10.465 10.435 10.489 10.181 10.049 10.131 10.336 10.382 10.463
mg+SD +0.263 +0.308 +0.200 +0.177 +0.167 +0.271 +0.201 +0.224 +0.203
(%RSD) (2.51) (2.96) (1.91) (1.73) (1.66) (2.78) (1.96) (2.15) (1.944)
n=20
Friability
) 0 0 0 0 0 0 0 0 0
Thickness
(mm) 2.638+0.03 | 2.603+0.02 | 2.540+0.03 | 2.233+0.02 | 2.148+0.02 | 2.118+0.03 | 2.013+0.02 | 1.961+0.02 | 1.878+0.03
n=10
Hardness
) 19.097+0.32 | 23.183+1.56 | 26.034+1.72 | 14.741+2.04 | 17.210+2.16 | 18.693+1.65 | 11.050+3.30 | 14.842+2.63 | 16.449+1.26
Porosity | 6.475+1.17 | 4.277+1.34 | 1432+1.31 |11.496+0.99 | 9:593+0.86 | 8:859+0.91 | 15.483+0.63 | 13.192+0.93 | 8.782+1.54

(% + SD)
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3.2.3 Thickness

The thicknesses of microtablets at high pressure were less than the
thickness of microtablets at low pressures. In case of microtablets compressed with
different punch sizes, the thicknesses were decreased when increasing the punch size
asdisplayed in Table 14.

In addition, the tablet thickness was also useful to determine the
apparent density of tablet compacts. The volume of a concave face tablet could be
calculated from the formula for the volume of cylinder and two spherical segment
(V=n (rPw+r’h+3h), where r = radius of tablet, w = central cylinder thickness, and h
= overal tablets thickness). Density was egqualed to mass per unit volume, where mass
was determined by weighing the individual tablets. Thus, thickness was related to the
density of tablet (Rosanske et al., 1990, Newton et a., 2000). These results of
thickness indicated that the compression force and punch size might affect the density

or porosity of microtablet because of thickness changing of microtablets.

3.2.4 Porosity

The porosity of microtablets was calculated from measurements of
microtablet dimensions, weight and the true density of the DS granules (F1). The
density of granules was 1.4185 g/cc and % porosity was calculated from equation

[19]. The results of % porosity are presented in Table 14.

The porosity of DS microtablets was decreased when increasing the
compression force while increasing the punch size tended to increase the porosity of
microtablet. Hence, ‘it ‘could be concluded that the porosity of ‘microtablets was
depended on the compression force and dimensions of punch, indicating that the
porous distribution of microtablet were different (Al-Nasassrah et al., 1996; Newton
et a., 2000). The applied pressure was increased and the porosity of tablets was
decreased. This was explained that by the interparticular distances through which
bonding forces operate was shorter. Thus, the bonding force of material was stronger
than at low porosity (Parrott, 1990) and caused harder microtablets.
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3.2.5 Specific surface area of DS microtablets

The specific surface area and the total pore volume of DS microtablets
(formulation F1) were measured by BET method. The specific surface area and the
total pore volume of DS microtablets (formulation F1) prepared from various
compression forces (400-1,200 Ib) and punch sizes (2.00-2.50 mm) are displayed in
Table 15.

For the punch sizes 2.00 and 2.50 mm, the specific surface area was
minimally decreased when increasing the compression force within the range of 400-
1200 Ib. At the punch size 2.25 mm, the specific surface area was increased to
maximal value when increasing the compression force from 400 Ib to 800 Ib,
indicating the formation of new clean surface area due to fragmentation of the
granules. Further increased in applied pressure (to 1200 Ib) produce a progressive
decreased in specific surface area as the particle bonding (Parrott, 1990). For this
study, these results indicated that the compression force and punch size did not clearly
affect to specific surface area of DS microtablets. Surface area of tablet was
determined by both BET and tablet dimensional calculation techniques. The results
from both methods were quite different due to BET analysis obviously gave higher
values than calculation. BET method generally uses gas adsorption on the surface of
materials principle, if some parameters are changed (such as pressure) it provides a
different surface area value. The crack or opened pore of microtablets was one of the
most important factors that perturbed the surface area determination from such
analysis. The result from BET analysis of microtablets was the sum of the surface
around the tablet-and all of cracking portions including open pores (Nystrom et al.,
1993). Meanwhile, the surface area calculation from tablet geometry is only used the
outer tablet dimension as main parameter in_computation. So, BET method was

normally giving a higher value than the calculation of tablet dimension.
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Table 15 Specific surface area of DS microtablets

2.00 mm 2.25mm 2.50 mm

4001b | 8001b | 12001b | 400Ib | 800Ib | 12001b | 4001b | 800Ilb | 12001b

Specific
surface area
(m?g)

5.05 4.38 4.27 3.26 3.84 3.38 4.53 4.48 3.94

3.2.6 Hardness and apparent tensile strength (tSapp)

The mean and standard deviation of hardness of DS microtablets are
displayed in Table 15. Figure 25 exhibits the hardness-compression profile of DS
microtablets compressed at various compression forces (400-1,200 Ib) and punch
sizes (2.00-250 mm). The hardness of DS microtablets was increased when
increasing the compression force for preparing the microtablets at each punch
diameter. Moreover, smaller punch size produced microtablets with higher hardness

than that of larger punch size under the same compression forces.

The apparent tensile strength (tsy,) of DS microtablets was calculated
from the equation 3. The results of tsy,, were plotted against compression forces at
each punch size as shown in Figure 26. |t was seen that the tsy, of al punch sizes was
increased with increasing the compression pressure. In addition, smaller punch
produced tablets had higher tsy,, values than larger punch under the same condition.
This could be explained by the density and porosity of microtablets as previously
described in 3.2.4. Al-nasassrah and Newton (2000) reported a linear relationship was
obtained when plotted the natural log of tensile strength ‘against tablet porosity,
indicating that the tablet tensile strength was decreased when porosity of tablets was
increased. It was found that tensile strength decreased with increasing the punch
diameter from 10 mmto 12 mm. Hence, it could be concluded that the tensile strength
was depended on the dimension of punch, because of the porous distribution of tablets

was different.

Both increasing the compression force and decreasing the punch size
reduced the volume of microtablets as shown in Table 13 in 3.2.4 that led to increase
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the densities and decrease porosities of microtablets and caused harder microtablets.
The higher compression force produced the closer packing structure of powder bed in
the die due to particle rearrangement and volume reduction. Subsequently, it directly
affected increase the interparticulate bonding at the point of contraction among
granule within compacted mass. The higher the compression force the higher the
bonding and the hardness of tablet. Thus, interparticulate bonding and volume
reduction were playing a magjor role on the microtablet formulation. Figure 27 shows
the relationship of the compression force and %porosity, indicating that the porosity

of microtablets was decreased when increasing the compression force.

Figure 28 shows the relationship of the tsy, and % porosity of
microtablets that prepared with various compression forces (400-1200 Ib) and punch
sizes (2.00-2.50 mm). It was shown that decreasing in porosity tends to increase the

tsqpp Of microtablets. Conclusively, tsy,, was depended on the porosity of microtablets.

The compaction profiles in Figures 25 and 26 showed a non-linear
relationship between compression force and hardness, compression force and tSgp,
respectively. Figure 25 and 27 showed that, the slopes of graphs were not straight
line. At low pressure, increase pressure tended to increase hardness and tSy, more
than that at high pressure. Padmaja and Sprockel (1992) explained that the rate of
increase in tensile strength with pressure was related to the predominating mechanism
of compression in that pressure range. At low pressure, the major mechanisms for
densification were particle rearrangement and elastic deformation, which caused a
large volume reduction ‘with small increasing in pressure. The rate of increase in
tensile strength with pressure was rapid even though the magnitude was small. At
higher compression pressures, the plastic deformation of particle became the
predominant mechanism for volume reduction. Since deformation was required more
energy input than particle rearrangement, the rate of volume reduction with pressure
was less. This explained that the lower rate of increase in tensile strength with
pressure in the range where deformation was dominated. The hardness of tablets was
correlated with tsy, (Figures 25 and 26). Hence, these results could be concluded that

the hardness and tsy,, depended on the compression forces and diameter of punches.
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Figure 25 Effect of the compression pressures on the hardness of DS microtablets
prepared with different punch size of 2.00, 2.25 and 2.5
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Figure 26 Effect of compression pressures on apparent tensile strength, tSy,, of DS
microtablets prepared with different punch diameters (2.00, 2.25 and 2.50 mm)
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Figure 27 Effect of compression pressures on % porosity of DS microtablets prepared
with different punch diameters (2.00, 2.25 and 2.50 mm)
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Figure 28 Porosity of DS microtablets prepared with different punch size and various
compression force as a function of the natural logarithm of apparent tensile strength
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3.2.7 Effect of the compaction pressure and punch sizes on the

drugrelease

To study the effect of compaction pressure and punch sizes on drug
release, microtablets containing 30% EC, 30%DS and 40% diluents (formulation F1)
were prepared from punch sizes of 2.00, 2.25 and 2.50 mm and compressed at various
forces of 400, 800 and 1,200 Ib. The DS microtablets equivaent to 75 mg of DS that
were filled into a capsule were evaluated in pH-change system. The release profiles of
DS microtablets from various the compression forces of DS microtablets that were
prepared from punch sizes of 2.00, 2.25 and 2.50 mm in pH-change system are shown
in Figures 29-40, respectively.

In pH-change system, these DS microtablets were tested in acid stage
(0.1 N HCI, pH 1.2) for 2 hours; the percentages of drug release from all cases were
less than 5 %. When the pH of medium was raised to pH 6.8 by addition of the
phosphate buffer, the amounts of drug release in the first 2 hours were increased to
30-40%. This indicated that the release of DS from microtablets was depended on the
pH of dissolution medium as previously described in 3.1.5.

The dissolution profiles indicated that the compression forces had
minimal effect on drug release profile when the microtablets were produced with the
same punch size. The drug release profiles were nearly superimposed, indicating that
the compression force within the range of 400-1,200 Ib was not an important factor in
modifying the release pattern of drug from matrix microtablets (Figures 29-34). The
similarity factors (f;) for the drug release profiles for varying the compression force
were found to be more than 50, indicating that an average difference was not more
than 10% at initial 80% of drug release. However, the dissolution profiles of
microtablets that were prepared by using different punch sizes depicted the difference
on drug release when compressed at the same compression force (Figures 35-40). The
similarity factors (f;) for the dissolution profiles from various the punch sizes were
more than 50. From the results were indicated that different punch size would be
resulted for unequal f, value. As increasing punch size it would be made f, value

decrease. However, all of f, in the experiments were in the acceptable limitation.
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It might be indicated that punch size is one of the crucial factor for

microtabl ets formulation.

All cases showed similar release model. The first-order plot showed
linearity with correlation plot of greater than 0.99 in pH-change system as seen in
Table 16. Furthermore, the first- order constant release rates (Kr) were tested with
ANOVA, it was found that the compression force had no significant effect (P>0.05)
on the first-order release rate constant when the microtablets produced by using punch
size 2.25 and 2.50 mm, whereas, the microtablets compressed by using punch size
2.00 mm, it was found that the compression force at 800 Ib had significantly
difference effect (P<0.05) on the first-order release rate when compared with force of
400 Ib and 1200 Ib (Table 102-105, Appendix D). However, the first- order constant
release rates (Kr) were tested with ANOVA, it was found that the punch size had
significant effect on the release rate (P<0.05) when compressed at same force (Table
106-111, Appendix D). This was indicating that the punch size had influence on the

drug release pattern.

At the same punch size, the changing of compression forces for
preparing microtablets had little influence on the drug-release. These results were
agreed with those previous papers, Cameron and McGinity (1987), Fassihi (1987) and
Sarisuta and Mahahpunt (1994) stated that compression force and tablets hardness had
minimal effect the drug release, which could be explained by porosity of tablets which
was decreased when increasing the compression force. However, at optimum point
(critical limit), the compression force did not affect porosity due to the occurrence of
elastic deformation. Dabbagh et al. (1996) reported that compaction pressures up to
39.4 MNm? affected the propranolol release from matrices containing EC 7 cps.
Whereas compression pressure from 78.7 to 393:4 MNm? did not further modify the
release rate. Initially, increasing the compression pressure would decrease the porosity
resulting in decreasing the dissolution release rate. While the porosity of matrices
made at pressure between 78.7 and 393.4 MNm? were similar therefore the drug
release was not significant different. Furthermore, Rey et a. (2000) reported that the
compression pressure (from 200-250 MPa) had no effect on the theophylline release

from microtablets due to the plastic behavior of Eudragit RS PO during compression.
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Cdlculation of tablets porosity showed a difference of only 0.5% between microtablets
compressed at 200 and 250 MPa. For this study, the compression force within the
range of 400-1200 Ib produced the DS microtablets with similar the porosity and
surface area as seen in Table 13, 14 and 15. The compression force within the range
of 400-1200 Ib might be over critica limit to produce microtablets with similar
porosity and surface area. Therefore, the compression force (400-1200 Ib) had little
influence on the drug release of DS microtablets. However, a contrast with the results
was reported by other study. Stamm and Tritsch (1986) reported that EC matrices
tablets made with low crushing strengths had high porosity and gave quick release of
metoclopramide hydrochloride whereas the drug release was lower when the tablets
made to higher crushing strength.

On the other hand, smaller punch size at constant applied compression
force increased the surface area to volume ratio than larger punch size. Therefore, the
drug release would be increased. In a previous paper, Sujja-areevath (1996) showed
that an increase in matrix volume with increasing the punch size could account for
slower drug release. It was due to the decrease of surface area to volume ratio. Figure
41 showed that the first-order release rate constant was decreased when decreasing the
surface area to volume ratio. This was indicated that the surface area had strongly
influence on the drug release. The surface area of different tablet sizes, and therefore
have different areas, should aso be considered. The larger contact surface area of
tablet and less diffusion path length should result in faster dissolution rates. As any
matrix system was undergone the diffusion and erosion, the size and shape of a tablet
might affect on the drug dissolution (Rekhi et al., 1999). The relationship of the first-
order drug release rate constant and surface area to volume ratio is shown in Figure
41.

In addition, dissolution studies showed that formulations with 800 Ib
compression forces gave a superior dissolution rate than 400 Ib formulations. It might
be indicated that higher compression force resulted in tiny fragmentation of each
granules and also led to increase new clean surface area that was potential bonding
area. Even though the higher compression force normally provided higher specific

surface area via granule fragmentation, but excess amount of compression force
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would generate the bonding formation between each particles as well. Subsequently,
the porosity of tablet after exposure to excess compression force would decrease
because of predominant bonding formation over fragmentation mechanism. Therefore
the results from formulation of the highest compression force of 1200 |b formulations
could express a lower release rate than 400 and 800 Ib formulations. However,
changing of surface and porosity had slightly affect to release rate when were varied
the compression force within the range of 400-1200 Ib. Parrott (1990) reported that
the dissolution became faster as the pressure was increased to maximum and then
further increased in applied pressure slowed dissolution when a gelatin solution was
used as granulating agent for preparing sulfadimide tablets. Thiswas explained that if
the fragmentation occurred during in compression, the dissolution was faster as the
applied pressure was increased since the fragmentation increased the specific surface
area. If the bonding of particles was predominated phenomena in compression,

increasing the applied pressure caused decrease in the dissolution.

The exponent value (n) of DS microtablets at various compression
force and punch size are presented in Table 17. The released data were evaluated
according to the equation of Ritger and Peppas (1987) fitting the data from the initial
60% of drug release. In non-swellable matrices, the value of n = 0.45 indicated square
root of time kinetics (Case | or Fickian diffusion), n = 1.0 indicated Case Il transport,
0.45<n<1.0 indicated anomalous (non- Fickian) diffusion and n>1.0 for Super Case Il
transport (Peppas, 1987). The exponent values (n) of all cases from various
compression forces and punch size were Super Case |l transport. However, the
released mechanism of this study might combine with another mechanism due to low
correlation of determination (r°=0.95-0.96). The values of n remained amost
unchanged, indicating that the processing variables did not influence the released
mechanism. Dabbagh et al. (1996) reported that propanolol matrix tablets containing
3:1 NaCMC: EC gave a released exponent value of 1.45. This value indicates Super
Case |l transport. The reason for this value might be the high swelling nature of the

polymer at this ratio.
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Figure 29 Dissolution profiles of DS microtablets that were prepared by using punch
diameter 2.00 mm at various forces of 400-1200Ib
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Figure 30 Log % drug remained against time for DS microtablets with 2.00 mm at
compression forces of 400, 800 and 1200 Ib
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Figure 31 Dissolution profiles of DS microtablets that were prepared by using punch
diameter 2.25 mm at various forces of 400-12001b
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Figure 32 Log % drug remained against time for DS microtablets with 2.25 mm at
compression forces of 400, 800 and 1200 Ib
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Figure 33 Dissolution profiles of DS microtablets that were prepared by using punch

diameter 2.50 mm at various forces of 400-1200lb
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Figure 34 Log % drug remained against time for DS microtablets with 2.50 mm at

compression forces of 400, 800 and 1200 Ib
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Figure 35 Dissolution profiles of DS microtablets prepared various punch sizes at
force of 400 Ib
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Figure 36 Log % drug remained against time for DS microtabl ets compressed with
400 Ib at punch size of 2.00, 2.25 and 2.50 mm



86

% Released

110
100 -
90 -
80 -
70 A
60 -
50 -
40
30 A
20 -
10 ~
0 R T T T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (hrs.)

Figure 37 Dissolution profiles of DS microtablets prepared various punch sizes at
force of 800 Ib
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Figure 38 Log % drug remained against time for DS microtablets compressed with
800 Ib at punch size of 2.00, 2.25 and 2.50 mm



87

% Released

—— 2.00 mm
—a— 2.25 mMm
—— 2.50 mm

T I T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hrs.)

Figure 39 Dissolution profiles of DS microtablets prepared various punch sizes at
forceof 1,200 1b
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Figure 40 Log % drug remained against time for DS microtablets compressed with
1,200 Ib at punch size of 2.00, 2.25 and 2.50 mm
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Figure 41 Relationship of the first-order release rate constant and surface area to

volumeratio of DS microtabl ets prepared with different compression forces

Table 16 Correlation of determination (r?) of relationships between percentage log
percentage drug remained versus time (first-order), percentage drug released versus

square root time (Higuchi’ s equation), and drug rel eased versus time (zero-order)

2.00 mm

2.25 mm 2.50 mm

first
order

Higuchi

Zero first Hiquchi ZEero first Hiquchi Zero
order order 9 order order 9 order

400 1b

0.9981

0.9724

0.9495 [ 0.9916 [ 0.9724 | 0.9419 | 0.9979 | 0.9814 | 0.9534

800 Ib

0.9965

0.9690

0.94231 0.9978 | 0.9671 [ 0.9322 (- 0.998 | 0.9776 | 0.9475

1,200 1b

0.9989

0.9751

0.9461 [ 0.9900 [ 0.9554 | 0.9159 | 0.9988 [ 0.9859 | 0.9607
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Table 17 Influence of compression force and punch size on the first-order release rate
constant, release exponent (n) and correlation of determination (r) for DS
microtablets

2.00 mm 2.25 mm 2.50 mm

4001b | 8001b | 1200lb | 4001b | 8001b | 1200lb | 4001b | 8001b | 1200lb

(hlf-i)a 0.1357 | 0.1636 | 0.1329 | 0.1159 | 0.1367 | 0.1131 | 0.0941 | 0.1029 | 0.0938

+0.0036 |+0.0042|+0.0051 [+0.0042|+0.0129|+0.0087 | +0.0085 | +0.0106 | +0.0066

15379 | 1.7797 | 1.6648 | 1.4891 | 1.5142 | 1.4039 | 1.3563 | 1.4819 | 1.3596
+0.0858 | +0.0189|+0.1323|+0.0634|+0.1858|+0.0209 | +0.0538| +0.0290 | +0.0321

r? 0.9566 | 0.9611 | 0.9606 | 0.9576 | 0.9597 | 0.9559 | 0.9628 | 0.9625 | 0.9509

2The release rate (hr'®) was calculated from slope of the plot of log percentage drug
remained versus time (mean + sd; n=3)

3.3 Effect of formulation variable on the properties of microtablets

For this study, a compression force of 800 |b and punch size of 2.5 mm were

selected for preparing the matrix microtablets.

3.3.1 Weight variation of microtablets

The mean and standard deviation in weight variation of DS
microtablets of al formulations (F1-F10) are displayed in Table 18. The weight
variations of all formulations passed the specification of standard official USP XXIV.

The weight variation of obtained microtablets was within acceptable
limits, reflecting the favorable flowahility that conferred by wet granulation method
(Cheng et al., 1993). Moreover, the single punch tabletting machine had low speed
that would not affect to weight variation because slow speed increased time intervals
for upper punches to enter into die cavity. Therefore, feed shoes had enough time to
uniformly fill the granules into al die cavities (Katikaneni, Upadrashta, Rowlings
et.al., 1995.; Wray, 1992).
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Table 18 Physical properties of DS microtablets with varying composition in

formulation and with compression of 800 Ib

Physical properties

Weight
variation Thickness o Hardness
% Friability
(mg) (mm) (N)
mean+SD.
meantSD. mean+SD meantSD.
(%RSD)
F1 10.43+0.31
1.90+0.04 0+0 14.84+2.63
(2.96)
10.05+0.20
F2 1.82+0.01 0.03+0.06 14.60+£1.13
(1.97)
10.25+0.08
F3 1.82+0.02 0.26+0.15 14.75+1.17
(0.75)
10.18+£0.14
F4 1.92+0.04 0.24+0.04 7.98+£1.62
(1.36)
10.05£0.10
F5 1.92+0.04 18.99+0.50 6.00+0.84
(0.95)
10.02+0.26
F6 1.90+£0.01 0.14+0.29 10.65+1.67
(2.15)
10.33+0.11
F7 1.90+0.02 0.24+0.15 13.18+0.75
(1.04)
10.13+0.13
F8 1.93+0.03 0.18+0.12 13.08+0.72
(1.30)
10.08+0.19
F9 2.00£0.04 0.20+0.13 12.80+0.44
(1.9
10.03+0.26
F10 1.90+0.02 0.24+0.06 14.76+£1.04

(2.60)
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Weight variation of capsule

The DS microtablets formulations F4 and F5 were filled into hard
gelatin capsule size 1 by using semi-auto capsule filling machine. The coefficient of
fill weight variation (%cv) of F4 and F5 were 2.900 and 2.3031, respectively. The
percentage of weight variation of F4 and F5 were 5.413 and 2.3031, respectively that
passed along with the specification of standard official BP (percentage deviation
<10). It was indicated that DS microtablets could be uniformly filled into hard gelatin

capsule. Table 19 show the mean and standard deviation of average weight of capsule.

Table 19 The mean of fill weight and the coefficient of fill weight variation

Formulation F4 F5

meantSD. 287.5418.34 (2.90%) 290.02+6.68 (2.30*)

* the numbers in parentheses mean %0RSD

3.3.2 Morphology of DS microtablets

The scanning electron photomicrographs of DS microtablets of
formulations F1, F6-F10 which varied the components are presented in Figure 42. The
surfaces area of DS microtablets of formulations F7-F10 which combined EC with
glyceride waxes (compritol 888 ATO, tristearin) were smoother and polisher than
formulation F1 which contained EC alone, since, some glyceride waxes might be
melted due to heat occurring in-compression process and caused smoother surface
tablet. On the other hand, more pores were seen at the surface of the DS microtablets
formulation F6 which combined EC with HPMC K15M. This was explained by the
lower hardness of microtablets (F6). Because of adding the HPMC K15M resulted in
the increased of elastic deformation after compression. Therefore, the deformation
recovery was increased resulting in decreased hardness of microtablets and caused

more porous on the surface tablets (Banker et al, 1990).
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Figure 42 Scanning electron photomicrograph of DS microtablet prepared from

various compositions in formulation (x35)



93

3.3.3 Thickness

The thickness of microtablets of formulations F1-F10 is presented in
Table 18. Thickness of microtablets was increased when increasing the amount of EC
in formulation and combining EC with glyceride waxes. Whereas increasing the
amount DS in formulations did not affect the thickness of microtablets. It indicated
that amount of polymer and types of compositions in formulation had an effect on the
thickness of microtablets. This could be explained by the granules properties
including bulk density, particle size and particle size distribution (Rosanske €t al.,
1990). If the granule of lower bulk density and larger particle sizes were compressed
at the same conditions, they would be thicker than the tablets which were prepared
from granules of higher bulk density and smaller particles. Table 9 and figures 15-16
showed that the granules from formulations of higher amount of EC (F4 and F5) and
formulations that combined EC with glyceride waxs (F7-F10) had lower bulk density
and higher large particle size than the granules from formulation F1 which contained
low amount of EC. Thus, the microtablets prepared from granules formulation F4-F10

would be thicker than microtablets formulation F1.

In addition, the tablet thickness was also useful to determine the
density of tablet compacts. The consolidation characteristics of various materials or
tablet formulations were evaluated by measuring the density of tablet compacts under
standard pressures and loading conditions. The thickness could be used to calculate
the volume of tablet for converting to density of tablet. The volume of a concave face
tablet could be calculated from the formula for the volume of cylinder and two
spherical segment (V=rn (r‘w+r’h+3h°%), where r = radius of tablet, w = central
cylinder thickness, and h = overall tablets thickness). Hence, thickness might predict
the consolidation characteristics of tablets. Formula or processing modifications of
drug that was produced to increase the tablet density under applied compression
conditions generally reflected to improve the consolidation of the formula and was
expected to yield a more cohesive tablet compact (Rosanske et al., 1990; Duberg et
al., 1986).
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These results of thickness that were increased when the formul ations of
DS microtablets contained high amount of EC or combined EC with HPMC or
glyceride waxes indicated that the consolidation characteristics of DS microtablets
were changed when the formulations were modified (Maamataris et a., 1996; Veen
et a., 2000).

3.3.4 Hardness and apparent tensile strength

The hardness of DS microtablets from al formulations (F1-F10) is
presented in Table 18. The results showed that the microtablets prepared from
granules with additional HPMC K15M (F6) or glyceride waxes (F7-F10) was shown
to decrease in hardness. Furthermore, the hardness was clearly decreased when the
amount of EC in formulation was increased. Whereas, increasing the percentage of
drug load had no effect on the hardness of the microtablets. The results of apparent
tensile strength were similar to the hardness. Figure 43 depicts the effect of
formulation modification on the hardness and tsy,, of DS microtablets. These results
were explained by the consolidation mechanisms of material in compression process.
In compression studies of binary mixtures, the effect on hardness of a second
component was depended on the dominating consolidation mechanisms involved
(Duberg et al., 1986).

The hardness of DS microtablets was reduced when increasing the
amount of EC from 30% to 50%, respectively. It might be due to a decrease in the

compressibility of the mairix tablet resulting from the higher EC proportion.

The hardness of formulations F6-F10 which combined EC with HPMC
K15M or glyceride waxes (compritol 888 ATO, tristearin) was decreased due to the
plastic deformation was the predominant mechanism of EC to compact after
compression whereas the elastic deformation was the predominant for HPMC and
glyceride waxes (Kantikaeni et a., 1995; Dasai et a., 2001). Therefore, the elastic
recovery of tablets was occurred to increase when the formulations of DS microtablets
mixed EC with HPMC K15M or glyceride waxes. It was clearly seen in formulations

F7-F10 that increasing the amount of glyceride waxes decreased the hardness of
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microtablets. Furthermore, the tablet hardness was decreased with an increase in
particle size, since the smaler particle size showed greater packing density and
greater number of contact points for interparticulate bonding (Katikaneni et a., 1995).
The formulations F6-F10 had more higher of large particle size than formulation F1,
therefore the hardness of F1 was greater than that of formulation F6-F10.

In addition, compritol 888 ATO was normally used as lubricant in
compressed tablets. It could reduce the tablet hardness which was composed of plastic
materials due to the decrement of interparticle interactions in the presence of
lubricant, which prevented bond formation and increased the elastic nature of powder
blend (Jarosz et al., 1984; Shah et al., 1986; Katikaneni et a., 1995).

Katikaneni et al. (1995) reported that hardness of EC matrix tablets
was reduced 1.7-fold when increasing the amount of magnesium stearate from 0.5%
to 3%. The tablet strength was more sensitive to the presence of magnesium stearate
than glyceryl behenate as a result agreed with Shah et al. (1986).

3.3.5 Friability

The mean and standard deviation of microtablets of formulations F1-
F10 are presented in Table 18. The percentage friability of all formulations passed the
specification in official standard USP XXIV (0.6-1%) except for DS microtablets
formulation F5 which did not pass official standard USP XXIV because the hardness
of microtablet formulation F5 was very low compared to other formulations. Thus, the

microtablets formulation F5 was very friable.

3.3.6 Drug content and content uniformity of DS microtablets

The percentages of drug content of the DS microtablets prepared from
various formulations are shown in Table 20. The percentage of drug contents of al
formulations passed the specification in officia standard USP XXIV that the
percentage drug content for delay-release DS tablet was not |ess than 90.0 percent and
not more than 110.0 percent.
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The formulations that passed the specification of drug content must be
examined on the uniformity of content. The content uniformity was determined by
percentages of coefficient variation (%CV) as shown in Table 20. The percentages of
coefficient variation were less than 6%, which passed the specification officia
standard USP XX1V. All formulation had percentages coefficient variation less than 6
percent that indicated the uniformity of drug content.

The percentage drug content and content uniformity passed the
specification in USP XXIV. This was due to the uniformity distribution of drug
substance throughout the granulation, good properties of granules such as flowability

and compressibility.

hardness (N)
20 0 tsapp

TR - r
10 §
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F1 F2 F8 F4 F5 F6._ F7 F8 F9 F10
Formulations

Figure 43 Effect of formulation modification on hardness and apparent tensile
strength of DS microtablets
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Table 20 Drug content and content uniformity of DS microtablets

Formulation % Drug content % Coefficient variation
(%RSD)

F1 105.84 (0.48) 568
F2 97.03 (1.16) 165
F3 97.83 (0.51) 124
F4 96.60 (0.76) 166
F5" J -

F6 98.67 (0.48) 147
Fr 97.97 (1.17) 223
F8 97.65 (0.07) 113
F 99.91 (1.35) 2.00
F10 93.93 (0.66) 0.89

* The content and content uniformity were not determined because % friability did not passed
the specification official standard USP XXI1V.

3.3.8 Infrared Spectrometry

The IR spectrum of DS isillustrated in Figure 44 and 45. The principle
peaks were observed at wave numbers of 747, 767, 1284, 1306, 1506 and 1576 cm'™.
The peaks at 747 and 767 cm™* were resulted from C-H out of plane blending. The IR
absorption band at 1284 and 1306 cm™ were resulted from C-N stretching. The peaks
at 1506 and 1575 cm* were resulted from C=C stretching (Mofflat et. al 1986). The
IR spectra of HPMC and EC are shown in Figure 44, They showed a broad band of O-
H stretching at the wavenumber rang of 3300-3400 cm™.

The IR ‘spectra of two glyceride waxes (compritol 888ATO and
tristearin) are shown in Figure 45. They showed the same characteristics of IR spectra
because of having the same structure bone. The C-O stretching peak was presented at
1176 cm™. The aliphatic CH., blending was represented at 1739 cm™. The IR peaks at
2851 and 2918 cm* were resulted from aiphatic C-H stretching. There was a little

different in position of peaks.
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The IR spectra of DS microtablets contained EC and DS microtablets
which combined EC with HPMC or glyceride waxes (compritol 888ATO and
tristearin) are illustrated in Figures 44 and 45. The IR spectra of DS microtablets
showed the combination of drug peak and matrix forming substances, while the
principle peaks of drug and matrix forming substances were also still presented. Some
positions of peak were very dlightly shifted from origina material. It could be
concluded that interaction between drug and matrix former substances were unlikely

to occur and type of matrix former had no effect on the IR spectra.

4000 3400 2800 2200 1600 1000 400
Wavenumber (cm™)

Figure44 IR spectra of DS microtablets contained EC and DS microtablets with
combined EC and HPMC K15M
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Figure 45 IR spectra of DS microtablets with combined EC and compritol 888 ATO
and DS microtablets with combined EC and tristearin
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3.3.9 Powder X-ray diffraction

The X-ray diffraction pattern of DS is illustrated in Figure 46-49.The
X-ray diffraction pattern of EC, HPMC, tristearin and compritol 888ATO are
presented in Figure 46-49. The X-ray diffraction patterns of DS microtablets, which

were produced from various formulations, are illustrated in Figure 46-49.

Transformation of drug crystal into amorphous state was confirmed by
the powder X-ray diffractometry. The X-ray diffraction pattern of pure DS showed
sharp peaks at 6.7°, 8.7° and 11.2° and aso showed the heap of sharp at diffraction
angle between 20 and 30°. It was observed that the intensities of diffraction peaks of
DS microtablets (F1, F6-F10) were weaker than that of DS and exhibited absence of
some predominant pure DS peaks. In contrast, it exhibited some new peaks that were
different from pure DS peaks. However, the characteristic peaks of DS at the
diffraction angle of 6.7°, 8.7° and 11.2° were detected. This indicated that these
products were still in crystalline form but some crystals of DS had converted to
amorphous form. It was possible due to the mixing and compression processes of
tablets (Yoshinari et a., 2003). Furthermore, DS in the microtablets displayed less
peak intensities because there were large amount of additive that compounded with
DS. Hence, interfering of other additives may decrease intensity DS peaks (Betageri
et a., 1996).

3.3.10 Differential scanning calorimetry

The DSC thermograms of DS and DS microtablets with various types
and amounts of matrix former substances are shown in Figures 50-52. The DSC
thermogram of pure DS gave an endothermic at 289°C. The DSC thermograms of DS
microtablets contained EC and the DS microtablets that combined EC with HPMC or
EC with glyceride waxes in different proportion were disappeared. But it could detect
the heap of endothermic peaks at 100°-150°C in al formulation.

DSC analysis could be used as a quick screening tool for

preformulation studies to study the potential incompatibilities in solid state (Fassihi,
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1985). From thermograms of microtablets, all formulation did not show major peaks
of DS whereas minor peaks were detected. These minor peaks might be the peaks of
components in formulations but the X-ray diffraction peak and IR spectra exhibited
major peaks of DS. Thiswas perhaps due to equipment and method of detection.

There were several reports about disadvantage of differential scanning
calorimetry (DSC). Yonemochi et a (1997) found that differential scanning
calorimetry and X-ray diffraction could not measure the difference of two amorphous

states of ursodeoxycholic acid whereas isothermal microcal orimetry could measure it.

Differential scanning calorimetry (DSC) results were also reported to
be not correlated to other methods. Carstensen et al. (1995) studied and distinguished
polymorphic forms of N-[2-{-5-{(Dimethylamino)methyl}}-2-furanyl]ethyl-N’-
methyl-2-nitro-1,1-ethenediamine hydrochloride. They found that two polymorphic
were not distinguished by DSC and solubility. Only X-ray diffraction was possible to
detect the difference. William (1994) found that the ability to detect form | and Il of
stanozolol and mixtures of these crystal forms was shown to be very difficult with
differential scanning calorimetry due to the ability of form Il to transform to form I.
When transformation occurred prior to melting, there was a tendency to misinterpret
DSC data, whereas the X-ray diffraction and Fourier transform infrared spectroscopy

could analyze and resolve patterns of each form.
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Figure 46 X-ray diffraction spectra of DS microtabl ets containing with EC
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Figure 47 X-ray diffraction spectra of DS microtablets containing with EC and
HPMC K15M
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Figure 48 X-ray diffraction spectra of DS microtablets containing with EC and
compritol 888 ATO at various ratios of 3:1, 3:2 and 3:2.5
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Figure 49 X-ray diffraction spectra of DS microtablets containing with EC and

tristearin
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Figure50 DSC thermograms of DS microtablets contained EC and DS microtablets
with combined EC and HPMC K15M
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Figure 51 DSC thermograms of DS microtablets with combined EC and compritol
888 ATO and DS microtablets with combined EC
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Figure 52 DSC thermograms spectra of DS microtablets containing with EC and
tristearin
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3.3.11 Effect of formulation modification on the drug release

All formulations of sustained release DS microtablets equivalent to 75
mg of DS that werefilled into a capsule were evaluated in pH-change system.

3.3.11.1 Effect of drug load

The release of 30%, 40% and 50% DS load from DS
microtablets with 30%EC in pH- change system is exhibited in Figure 53.

In acid stage (0.1N HCI) for 2 hours, the percentages of drug
release from these formulations were less than 5%. Then the pH of dissolution
medium was changed to pH 6.8, the percentages of drug release were increased to
40%-50% It was shown that the DS released from microtablets was much slower in
acid stage than phosphate buffer stage (pH 6.8), presumably due to lower solubility of
DSin 0.1 N HCI. In al cases, the release profiles were closely related to first order
model (Table 21). The drug release rate constant (Kr) formulations F1, F2 and F3
were 0.1029, 0.141 and 0.1981, respectively. This indicated that the drug release was

increased with increasing drug load. It could be described in terms of Fick’sfirst law.

Fick’s first law explained that the rate of diffusion or transport
was directly proportioned to the concentration gradient (Stavchansky et a., 1990). As
the amount of drug in matrix was increased, the concentration gradient was more
different between medium and drug in matrix. Therefore, the drug released rate was

proportionally increased when increasing the amount of drug in matrix.

Figure 54 depicts the relationship between release rate and
percentage of DS in matrix microtablet. A linear relationship was obtained (r*= 0.992)
and accordance along with Fick’s first law. The law revealed that first-order release

rates constant was alinear function of percentage drug in matrix.
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Table 21 Correlation of determination () of relationships between percentage log

percentage drug remained versus time (first-order), percentage drug released versus

square root time (Higuchi’ s equation), and drug released versus time (zero-order)

Formulation First-order Zero-order Higuchi model
F1 0.9980 0.9475 0.9776
F2 0.9922 0.7042 0.8156
F3 0.9995 0.9482 0.9725

Table 22 Effect of drug load on the first order release rate constant of DS

microtablets

Formulation

Kr (hrh)

F1

0.1029+0.0106

F2

0.1410+0.0244

F3

0.1931+0.029

% Released
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80 -
70 A
60 -
50
40 +
30 -
20 -

——F1
—a—F2

——F3

6 8 10 12 14 16 18 20 22 24

Time (hrs.)

Figure 53 Dissolution profile of DS microtablets prepared from various the drug
loads 30% (F1), 40% (F2) and 50% (F3) in pH-change system
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Kr (hr'l)

0.25 -

0.2 -
0.15 -
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y = 0.0045x - 0.0347
0.05 - R = 0.992
0 T T T 1
20 30 40 50 60

Percentage of DS per microtablet

Figure 54 Relationship between release rate of DS microtablet and percentage of DS
contained in each microtabl et

3.3.11.2 Effect of EC concentr ation

The dissolution studies were carried out on formulations F1, F4
and F5 which increased the amount of EC from 30% to 50%, respectively. The
dissolution profiles of DS microtablets with 30%, 40% and 50% EC compressed at
800 Ib in pH-change are shown in Figure 55.

In acid stage (0.1 N HCI), the amount released was almost
negligible (< 5% after 2 hrs). Whereas in all cases the drug released in phosphate
buffer stage (pH 6.8) was risen to 40-50% and released complete in 24 hours. It was
shown that the DS released from microtablets was slower in acid stage than phosphate
buffer stage (pH 6.8), presumably due to lower solubility of DSin 0.1 N HCI (Kincl
M. et al., 2004). Furthermore, all these cases showed similar release model. The first-
order plot was linearity with correlation plot was greater than 0.99 in pH-change
system as seen in Table 23. The drug release rate constant (Kr) was changed from
0.1029 hr* for the formulation F1 to 0.0904 hr, 0.0828 hr* for the formulations F4
and F5, respectively (Table 24). Figure 56 depicted that the relationship between

release rate and percentage of EC in matrix microtablet. A linear relationship was
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obtained when plotting the first-order release rate constant and amount of EC. The
higher the amount of EC the lower was the release rate constant. Therefore, adjusting
the EC contents in the microtablets could modify the drug release rate. Increasing the
amount of EC increased the hydrophobicity of dosage and then the diffusion of
dissolution medium (phosphate buffer) was retarded. Consequently, the dissolution of
drug passed through the pores near the surface of microtablets was reduced
(Katikaneni, Upadrashta, Neau, et al., 1995; Chambin et al., 2004). It could be seen
that increasing the amount of EC had a slightly effect on the release but it had strong
influence on hardness and friability of microtablets. This could be explained by the
counteraction of two effects. Decreasing the hardness of microtablets resulted in an
increase in porosity and a decrease in tortuosity which would consequently increase
the release rate. The counter effect was retarded by the influence of the
hydrophobicity of EC. It the retarding influence of hydrophobicity was minimally
exceeded the increase porosity. Thus, it would lead to negligible decrease in the drug
release rate (Katikaneni et al., 1995). Microtablets which contained high amount of
EC was very soft and had friability values greater than 0.3% which limited the
potential for future development of microtablets containing with EC (Rekhi et al.,
1999)

% Released

110
100
90 -
80
70
60
50
40 -
30
20
10
O,

0O 2 4 6 8 10 12 14 16 18 20 22 24

Time (hrs.)

——F1
—=—F4

—a—F5

Figure 55 Dissolution profiles of DS microtablets prepared from various

concentrations of EC in pH-change system
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Table 23 Correlation of determinations (r?) of relationships between percentage log

percentage drug remained versus time (first-order), percentage drug released versus

square root time (higuchi’ s equation), and drug released versus time (zero-order)

First-order Zero-order Higuchi model
F1 0.9980 0.9475 0.9776
F4 0.9970 0.9242 0.9674
F5 0.9939 0.9229 0.9665

Table 24 Influence of EC content on the first-order release rate constant (Kr) for DS

microtablets
Formulation Kr (hr'h)
F1 0.1029+0.0106
FA 0.0904+0.0035
F5 0.0828+0.0042
0.12
0.1 -
0.08 -
= 006 -
0.04
y =-0.001x + 0.1322
0.02 - R® = 0.9806
0
20 30 50

% EC in formulation

60

Figure 56 Relationship between release rate of DS microtablet and percentage of EC
contained in each microtabl et
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3.3.11.3 Effect of addition of HPMC or glyceride waxes on

thedrugrelease

The dissolution studies were carried out on formulations F1,
F6-F10 which contained 30%EC (F1) and combined EC with HPMC K15M (F6),
compritol 888 ATO (F7-F10) or tristearin (F10), respectively. The dissolution profile
of DS microtablets with various types and amount of matrix former into pH-change

system are displayed in Figure 57.

All formulations of sustained release that filled into capsule
were observed in the pH-change system. Very low percentages of drug release that
less than 5% was remarked in the first 2 hours (acid stage, 0.1 N HCI). Then the pH of
dissolution medium was changed to 6.8 (Buffer stage). The percentages of drug
release at the buffer stage were more than in acid stage and continuously increased
until 24 hours. In order to describe the dissolution profiles, mathematical models were
applied to data. In all cases, the best fit was found with first-order model (r>0.99) as
presented in Table 25. The release rate constant of all formulations that were

examined are displayed in Table 26 and Figure 58.

Figure 57 and 58 showed that the drug released was
significantly increased when the formulation combined EC with HPMC K15M.
Comparison of the drug release rate between F1 formulation and glyceride waxes
formulations (F7-F10) that combined EC with compritol 888 ATO (F7-F9) or
tristearin (F10) showed that the drug release rate was significantly decreased when
adding glyceride waxes into formulations due to the increase of hydrophobicity of
compritol 888 ATO and tristearin.

Effect of combination of EC with HPMC K15M on the drug

release

The dissolution profile of DS microtablets that combined EC
with HPMC K15M in pH-change system is shown in Figure 57. The proportion of
polymer in matrix was 1:3 (HPMC K15M: EC, F6), a burst was observed and more
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than 60% drug was released during the first prior of phosphate buffer stage (pH 6.8).
Since the proportion of HPMC K15M in the matrix was low, therefore the particles
were separated from each other and formation of protective gel layer around the
matrix did not occur effectively. Consequently the drug was released rapidly
(Dabbagh et al., 1996). Furthermore, the SEM study showed the more porous
structure and larger contact surface area of microtablets prepared from EC mixed with
HPMC K15M. Thus the medium could flow easily through the network of the
polymer and caused fast release (Weyeberg, 2003).

Effect of combination of EC with compritol 888 ATO or

tristearin on the drug release

The dissolution studies were carried out on the formulations
F7-F10. Formulations F7-F9 contained 30%EC with various amount of compritol 888
ATO 10-25% and F10 combined 30%EC with 20% tristearin.

Figure 57 and 58 also shows the effect of combining EC with
compritol 888 ATO (F7-F9) and tristearin (F10) for preparing DS microtablets on the
release of drug. All examined DS microtablets exhibited a considerable retardation
effect on the release of drug. The drug release rates were significant decreased when

the formulations combined EC with glyceride waxes.

The release rate from DS microtablets formulation F7 which
contained 10% compritol 888 ATO was negligibly decreased, since the hardness of
microtablets was decreased when adding compritol 888 ATO. It caused to increase in
porosity of microtablets and led to increase the penetration of dissolution medium into
the microtablet (Romero et a, 1991). Thus, the hydrophobicity of increasing 10% of
compritol 888 ATO was not enough for retarding the drug release. At 20% compritol
888 ATO, the drug release rate was significantly decreased. This indicated that the
hydrophobicity of matrix microtablets was sufficiently retarded the drug release.
Whereas, increasing amount of compritol 888 ATO up to 25% (F9), the hardness was
lower than formulation F7 and F8, because the elastic deformation was predominant

mechanism for compritol 888 ATO after compression (Wray et al, 1992). This
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deformation provided the shape of tablet as same as the former before applied the
compression force. Higher content of compritol 888 ATO in the EC based
formulation gave an elastic deformation mechanism much more over than plastic
deformation. Therefore, increasing the amount of compritol 888 ATO would provide
friable and porous microtablets. The drug release rate was sightly increased. It was
explained that the increasing amount of compritol 888 ATO in formulation could
affect the increasing in porosity more than hydrophobicity property of glyceride wax
in microtablets. Therefore, more dissolution medium could penetrate into microtabl ets
resulting in an increase the release rate. Furthermore, the SEM depicted the
smoothness of surface area of wax matrix microtablet that caused the slower drug

released than from another formulations.

It was observed that the drug release rate from formulation F10
which combined EC with tristearin was lower than those of F1 and compritol 888
ATO formulations (F7-F9). This could be explained by hydrophobicity of tristearin.
Tristearin had more hydrophobicity than compritol 888 ATO. The compritol 888
ATO was composed of mono, di and triglyceride of behenic acid but tristearin was of
triglyceride. Therefore, compritol 888 ATO. exhibited more hydrophilicity than
tristearin. Because of the structure of mono and di glycerides had hydroxyl group (-
OH) resulting in faster dissolution rate than formulation F10 that contained EC with

tristearin.

All formulations could be manufactured successfully except the
formulation F10 that combined EC with tristearin. According to physicochemical
properties of tristearin which had low melting point (58-63°C) and exhibited softness,
the compression process could hardly be done. It caused abnormal noise during
compression process and stickiness' of wax between punch and die. Thus, the
formulation F10 was not suitable for further preparing and development DS
microtablets.
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Figure 57 The release profiles of DS microtablets combined EC with HPMC K15 M

or glyceride waxes in pH-change system
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Figure 58 Comparison of the first-order release rate constant of DS microtablets

formulations F1, F6, F7, F8, F9, F10 and Voltaren® SR
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Table 25 Correlation of determination according to the different kinetic equations
used for describing DS release behavior

First-order Zero-order Higuchi model
F1 0.9980 0.9475 0.9776
F6 0.9985 0.9569 0.9745
F7 0.9959 0.9146 0.9607
F8 0.9954 0.9325 0.9772
F9 0.9973 0.9343 0.9788
F10 0.9959 0.9416 0.9825
Voltaren® SR 0.9980 0.9528 0.9877

Table 26 Effect of type and amount of matrix former on the first-order release rate
constant for DS microtablets

Formulation Kr (hr'h)
F1 0.1029+0.0106
F6 0.2115+0.0115
F7 0.0913+0.0132
F8 0.0546x0.0004
F9 0.0642+0.0059
F10 0.0513+0.0033

Voltaren® SR 0.0357+0.0013

3.3.12 Effect of formulation modification on the release exponent (n)

The release mechanism of all formulations of DS microtablet was
super case-ll transport. However, the release mechanism of this study might
combined with another mechanism due to low correlation of determination (r*=0.93-
0.96), whereas Voltaren® SR tablet was clearly Super Case-ll transport due to

correlation of determination > 0.99. These results indicated that formulation and
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variables studied did not alter the drug release mechanism. The release exponents (n)
are shown in Table 27.

The n values suggested that the drug release of all formulations was
predominantly erode-controlled because of the containing of EC. EC had a natura
tendency to erode in water due to a separation of the surface particles of the matrix as
the classical concept of a plastic or hydrophobic materia (Pather et al., 1998).
Moreover, the n values were decreased with increasing the amount of matrix former
and adding glyceride waxes in formulation. Thus, the erosion of DS microtablets was
reduced when amount of waxes was increased and the glyceride waxes were added in

the formulations.

Table 27 Effect of formulation modification on the release exponent (n)

Formulation n r
F1 1.4822+0.0181 0.9624
F2 2.0740+0.0417 0.9486
F3 2.3989+0.0889 0.9676
F4 1.3338+0.0098 0.9443
F5 1.4191+0.0325 0.9513
F6 2.0708+0.0622 0.9641
F7 1.3966+0.0199 0.9337
F8 1.2540+0.0236 0.9361
F9 1.3023+0.0029 0.9438
F10 1.3943+0.0027 0.9311

Voltaren® SR 1.6638+0.0396 0.9913
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3.3.13 Comparison between the microtablets produced with
combined EC and glyceride waxes and a commercial product DS (Voltaren® SR
75 mQ)

The Voltaren® SR tablet

The release of DS from Voltaren® SR tablet was affected by
dissolution medium as illustrated in Figure 57. In pH-change system, the percentage
of drug release from Voltaren® SR tablet at first 2 hours (acid stage) was less than
2%. Whereas, the percentage of drug release at the first 2 hours (buffer stage) was
more than 10% and continuously increased until 24 hours in phosphate buffer pH 6.8
stage. The amount of drug released in 24 hours was 80%. The elucidated of drug
release model, the firsi-order was obtained. The correlation of determination of
Voltaren® SR 75 mg tablet was 0.998 from the first-order plot. The release
mechanism was super case |l transport with n values of 1.664 and release rate of
0.0357 hr.

The comparison between the Voltaren® SR tablet and the microtablet
contained EC with compritol 888 ATO (F8) found that the drug release profiles of DS
microtablets were different to the drug release profile of Voltaren® SR tablet. There
were more than 10% difference in the average cumulative drug release between DS
microtablets and Voltaren® SR.
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CONCLUSIONS

Matrix microtablets can be used as subunits to prepare multiple-unit dosage
forms. DS microtablets provided high reproducibility with respect to weight
uniformity, hardness, and dissolution. The preparations of DS microtablets were
successfully prepared by conventional tablet production method of wet granulation.
The formulations contained DS with various cellulose derivative polymers such as
ethylcellulose (EC), hydroxypropylmethyl cellulose (HPMC) and glyceride waxes

such as glyceryl behenate as matrix forming agent.

1. Type and amount of matrix former affected the physical properties of
granules. The flow rates of granules were significant decreased when the formulations
were combined EC with HPMC K15M or EC with glycerides waxes as matrix

formers.

2. The physica properties of DS microtablets were depended on the
compression force, the type and amount of matrix former. The hardness of DS
microtablets was increased with increasing of the compression force. This was due to
the decreasing in the porosity of microtablets. Whereas the low hardness and high
friability of DS microtablets were obtained when increasing the amount of EC and
combining EC with HPMC K15M or EC with glycerides waxes.

3. The compaction pressure (from 400 |b to 1,200 Ib) had negligible effect on
the drug release profile. Whereas decreasing the tablet diameter increased the release
rate. This was due to a greater dissolution surface area resulting from a large number

of particles exposed to the dissolution medium.

4. The drug release from microtablets was dependent on the compositions in
the formulation. Drug release from microtablets was increased when increasing the
drug load (30%-50%) and combining EC with HPMC K15M. Whereas the drug
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release from DS microtablets as significant decreased when increasing the proportion

of glyceride waxes.

5. The release model of al formulations of DS microtablets, best fitted the
first-order plot and the mechanism of release was Super Case Il transport. Their
percentage of the drug release passed the specification in USP XXIV but their drug

release patterns were different from the pattern of Voltraren SR 75 mg.
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Appendix A

Calibration curve

1. Calibration Curve of for ce measurement

Table 28 The calibration data of voltage measured on the strain indicator amplifier
and force applied on the upper plunger

Force(lb) Voltage(mV)
100 95
200 19.5
300 26.75
400 36.25
500 43
600 52.5
700 61.75
800 70.75
900 80
1000 88
1100 95
1200 103.75
1300 112.25
1400 121.25
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Figure 59 Calibration curve of to show linearity between the force applied on to

upper plunger versus voltage measured

2. Calibration curve of diclofenac sodium for dissolution studied

The concentration versus absorbance of diclofenac sodiumin 0.1N HCl at 271
nm and in phosphate buffer pH 6.8 at 275 nm are presented in Table 3-4. The standard

curves of diclofenac sodium in these mediums are illustrated in Figures 3-4.

Table 29 Absorbance of diclofenac sodiumin 0.1N HCI at 271 mn

Concentration (ng/ml) Absorbance
5 0.1412
10 0.2747
15 0.4082
20 0.5417
25 0.6752
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Figure 60 Calibration curve of diclofenac sodium in 0.1N HCl at 271

Table 30 Absorbance of diclofenac sodium in phosphate buffer pH 6.8 at 275 nm

Concentration (pg/ml) Absorbance
S 0.1622
10 0.3242
15 0.4862
20 0.6482
25 0.8102
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Figure 61 Calibration curve of diclofenac sodium in phosphate buffer pH 6.8 at 275

nm

3. Validation of HPLC method

The DS concentrations for drug content and content uniformity of DS
microtablets could be determined by HPLC assay with UV detection. The wavelength
used to analyze DS in this study was 275 nm. The validation of HPLC method used

are presented as follows:

1.1 Specificity

Ethylparaben (EP) and DS were eluted at 4.00-5.00 min and 6.00-7.00,
respectively.. Figure 63 shows the chromatogram in presence of interna standard
(ethylparaben) and non- active ingredients, including EC, HPMC K15M, compritol
888 ATO, tristearin. It indicated that the other ingredients did not interfere with peaks
of DS.
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1.2 Accuracy

Table 31 shows the percentage of analytica recovery at actual concentration
of DS was 6 ug/ml. The mean percentage of analytical recovered closely to 100%,
with alow %RSD (<2.00%) indicated the high accuracy of this method.

1.3 Precision

Table 32 shows data of within run precision and between run precision of DS
by HPLC method. The percentage of coefficient of variation (%oRSD) values of peak
area ratios both within run and between run were low (0.11% and 0.22%) which
indicated that the HPLC methods could be used to determine the amount of DS over
period of time studied.

Table 31 Percentage of analytical recovery of DS at actual concentration of DS was 6
pg/ml

_ Analytical concentration Mean
Formulation % Recovery %CV
(ng/mi) (sd)

101.504
EC 6.1298 | 6.1529 | 6.0888 100.819 | 102.548 | 101.1442 0.955

(0.919)

98.9354
HPMC 59541 | 5.9356 | 5.9969 97.9296 | 98.9276 | 99.9488 1.020

(1.009)

Compritol 99.6171
6.1955 | 5.9196 5.9170 | 101.9003 | 98.6611 | 98.2901 1.986

888 ATO (1.986)

- 99.5546
tristearin 59586 | 6.0162 | 6.0434 | 98.0035 | 100.2713 | 100.3888 (1.344) 1.350




Table 32 Datawithin run precision at concentration of DS was 6 ug/ml

Peak arearatio
1 1.1425
2 1.1434
3 1.1408
4 1.1418
5 1.1443
mean 1.1425
SD 0.0013
%RSD 0.1170
Table 33 Data between run precision
Concentration Peak arearatio
(ng/mi)
dayl day2 mean sd %RSD
2 0.372 0.379 0.376 0.005 1.251
4 0741 | 0760 | 0.750 0.013 1.789
6 1117 1.145 1131 0.020 1.805
8 1489 | 1529 | 1509 0.028 1.880
10 1855 | 1.895 | 1.875 0.029 1.530
1.4 Linearity

141

The linearity of analysis method is its ability to élicit test results that directly,

or by well-defined mathematical transformation, proportional to the concentration of

analysis in samples within a given range. Figure 62 showed that the relationship

between peak area ratios and DS concentrations is linearity with correlation of
determination value of 1. This result indicated that HPLC method was acceptable for

gualitative analysis of DS in range studied. Figure 64 shows HPL C chromatograms of

standard solutions of DS
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Calibration curve of diclofenac sodium for HPL C studied

y =0.1953x - 0.0024
0.5 - RR=1
0 ‘ ‘ ‘
0 5 10 15

Peak arearatio
H
|

concentration (ug/ml)

Figure 62 Cdibration curve showing linearity between concentration and peak area
ratio of diclofenac sodium and ethyl paraben (internal standard)
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The physical properties of DS granule and DS microtablets

Appendix B

1. The physical properties of DS granules
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Table 34 The physical properties of granules which were prepared from various mesh
size #20, #25, #30

Bulk Tapped Car's Flow Ar;gf;le
Formulation density density Index rate repose
(g/mli) (g/mli) (%) (g/sec) (x%)
2.0547
0.5076 0.5797 12.4366 | 2.0270 | 33.8
F1#20 0.5128 0.5681 9.7435 2.0000 | 339
0.5050 0.5714 11.2654 | 2.0270 | 338
2.0270
2.0833
0.5181 82;11;' ggggg 20833 | 344
F1#25 0.5236 0' 5714 9'7938 22058 | 333
0.5154 : ' 21127 | 341
2.1428
2.3438
0.5882 0.625 5.8823 23438 | 325
F1#30 0.5882 0.625 5.8823 2.3809 | 335
0.5847 0.6289 7.0175 2.3809 | 337
2.3077

Table 35 Particle size distribution of granule that were prepared from various mesh
size #20, #25, #30

Formulati % average weight retained

on 707um | 595um-| 500pum | 425um'| 250pm | 106um-|" 45um Base

(sd) (sd) (sd) (sd) | (sd) (sd) (sd) (sd)
F1420 12.676 | 25.502 . N 52430 | 7.426 | 1.008 | 0.958
(0.83) | (0.04 (327) | (233) | (0.26) | (0.1
F1405 . 17.782 . 39.069 | 30.359 | 10.890 | 1.557 0.342
(1.68) (0.51) | (403) | (1.48) | (0.66) | (0.21)
F1430 . . 6.264 | 21.111 | 53.351 | 14.951 | 3.174 1.148
(0.79) | (156) | (252) | (1.57) | (0.56) | (0.03

* The sieve not used in experiment.




Table 36 The physical properties of DS granules
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_ Bulk Tapped Carr's Angle of
Formulation | gengity density Index Fl(g/vgca;te repose

(g/mi) (g/ml) (%) (x°)

2.3438
0.5882 0.625 5.8823 2.3438 325
F1 0.5882 0.625 5.8823 2.3809 335
0.5847 0.6289 7.0175 2.3809 33.7

2.3077

2.3437
0.6153 0.6779 9.2308 2.3437 33.7
F2 0.5917 0.6451 8.2840 2.3076 334
0.5882 0.6410 8.2352 2.3076 335

2.3437

2.3278
0.6172 0.6756 8.6419 2.2854 34.6
F3 0.5988 0.6493 7.7844 2.3157 34.2
0.6061 0.6849 115151 2.2854 34.6

2.2864

2.3437
0.5882 0.6451 8.8235 2.3809 34.9
F4 0.5847 0.6329 7.6023 2.3437 36.6
0.5813 0.6329 8.1395 2.3809 34.0

2.3809

2.2727
0.5405 8’2828 10.8108 22727 36.5
F5 0.5405 ey, 10.8108 22727 35.4
0.5405 : 10.8108 2.2388 35.0

2.3076




Table 37 The physical properties of DS granules
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_ Bulk Tapped Carr's Angle of
Formulation | gengity density Index Fl(g/vgca;te repose
(g/ml) (g/ml) (%) (x°)
2.1126
0.5128 0.5494 6.6666 2.1428 37.8
F6 0.4878 0.5435 10.2439 2.1428 38.7
0.5128 0.5525 7.1794 2.1126 37.6
2.1126
2.0833
0.5235 0.5525 5.2356 2.0833 38.1
F7 0.5128 0.5523 7.1794 2.0547 38.4
0.5181 0.5495 5.6995 2.1428 38.9
2.0547
2.0000 387
0.4878 0.5236 6.8293 1.9480 38. 4
F8 0.4926 0.5263 6.4039 1.9736 30' 0
0.4902 0.5236 6.3725 2.0270 '
1.9480
1.9736
0.4831 0.5208 7.2463 1.9230 38.9
Fo 0.4808 0.5181 7.2115 1.9736 38.2
0.4878 0.5291 7.8049 1.9480 394
1.9230
1.9230
0.4951 0.5376 6.4356 1.9480 41.1
F10 0.5051 0.5435 6.0606 1.9230 40.5
0.5128 0.5291 5.6410 1.9230 40.7

1.9480




Table 38 Particle size distribution of DS granule
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% average weight retained

Formulation

500 pum 425 um 250 um 106 um 45 um base

F1 6.264 21111 53.351 14.951 3.174 1.148
(0.79) (1.56) (2.52) (1.57) (0.56) (0.03)

£ 7.178 24.730 45.002 17.653 4.078 1.359
(0.81) (0.44) (0.31) (0.09) (0.14) (0.05)

3 5.806 24.429 44.173 20.244 4.705 0.641
(0.02) (0.32) (0.28) (0.19) (0.28) (0.12)

F4 19.414 22.622 34.922 16.107 6.0751 0.859
(1.25) (1.23) (0.75) (1.49) (0.79) (0.04)

5 9.532 20.341 48.250 19.912 1.526 0.439
(1.01) (1.18) (0.88) (2.80) (0.24) (0.13)

6 10.001 21.415 41.447 19.160 6.7241 1.252
(0.44) (0.88) (3.02) (1.78) (1.01) (0.11)

F7 16.215 25.772 36.622 16.155 4.473 0.762
(1.09) (0.22) (0.77) (0.34) (0.12) (0.11)

8 15.046 24.737 37.441 16.839 5.046 0.891
(1.43) (0.77) (0.38) (1.56) (0.69) (0.02)

F9 19.206 22.569 37.347 16.081 4.149 0.649
(2.36) (1.24) (2.19) (1.37) (1.33) (0.03)

£10 24.629 19.833 34.071 15.709 4.906 0.851
(2.12) (2.18) (2.112) (0.91) (1.03) (0.04)

Table 39 The hardness of DS microtablets that prepared from various punch position

and compression force

hardness(N)

400 Ib

800 Ib

1200 Ib

P1

P1 P2 P3

P1

P2

P3

14.67

16.77

1842

24.71 | 23.82 | 25.94

29.7

2754

29.54

19.65

15.12

19.3

24.88 | 23.21 | 24.56

27.64

29.54

27.26

16.77

17.94

16.77

23.69 | 22.53 | 26.47

30.12

28.42

29.57

17.33

18.56

17.5

22,79 | 24.87 | 24.73

28.64

30.41

30.75

18.6

15.96

16.5

22.68 | 22.18 | 23.73

29.54

28.94

29.14

ORI WIN|F

17.5

16.42

15.43

25.37 | 25.37 | 21.48

30.05

29.64

31.04
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2. The physical properties of DS microtablets

Table 40 The hardness of DS microtablets that prepared from various punch size
(2.00, 2.25, and 2.5 mm) and compression force (400, 800, 1,200 |b)

2.00 mm 2.25 mm 2.50 mm

hardness(N) | 400 | 800 | 1200 | 400 | 800 | 1200 | 400 | 800 | 1200
Ib Ib Ib Ib Ib Ib Ib Ib Ib

2145|2338 | 24.56 | 14.07 | 17.56 | 20.08 | 11.99 | 16.49 | 16.11

12.86 | 19.71 | 25.62 | 14.33 | 17.85| 16.43 | 16.72 | 15.06 | 15.42

20.87 | 22.59 | 26.41 | 19.95| 16,5 | 2045 | 9.75 | 1142 | 17.6

1931|2284 | 26.08 | 13.19 | 18.08 | 16.53 | 10.56 | 17.35 | 18.33

22.69|23.86| 2391 | 13.82 | 18,52 | 17.61 | 8.102 | 18.37 | 17.01

21.10 | 23.44 | 26.12 | 14.15 | 13.79 | 20.95 | 10.69 | 12.02 | 15.53

18.25 | 24.37 | 29.45 | 15.29 | 19.19| 20.32 | 8.058 | 11.72 | 17.82

17.46 | 25.13 | 25.69 | 12.64 | 20.09 | 18.46 | 16.99 | 155 | 15.55

O O |INO|AB(WIN|F

18.30 | 24.6 | 28.25 | 14.18 | 17.14 | 18.13 | 9.102 | 12.92 | 16.73

=
o

18.68 | 21.91 | 24.25 | 15.79 | 13.38 | 17.97 | 8543 | 17.57 | 14.39

Table 41 The apparent tensile strength (tSyp) of DS microtablets that prepared from
punch size 2.00, 2.25, and 2.5 mm and compression force 400, 800, 1,200 Ib

2.00mm 2.25:mm 2.50 mm

£

400 | 800 | 1200 | 400 | 800 | 1200 | 400 | 800 | 1200
Ib b Ib b Ib Ib Ib Ib Ib

2549 2.875|3.0083 | 1.77 | 228 | 2.694 | 1.551 | 2.247 | 2.231

1.600 | 2491 | 3.1872 | 1.811 | 2.35 | 2.153 | 2.173 | 2.03 | 2.147

2.5272.821 {32727 2.533 | 2.173 | 2.693 | 1.23 | 1.581 | 2.373

2.329 | 2.808 | 3.2318 | 1.645 | 2.381 | 2.176 | 1.359 | 2.267 | 2.58

2727|2900 | 2.94 | 1.747 | 2.461| 2.385 | 1.032 | 2.45 | 2.394

2545287113301 | 1.772 | 1.791 | 2.824 | 1.369 | 1.587 | 2.162

2.202 | 2.997 | 3.6637 | 1.959 | 2.575| 2.713 | 1.011 | 1.614 | 2.39

2.106 | 3.055 | 3.1959 | 1.626 | 2.633 | 2.431 | 2.197 | 2.046 | 2.165

OO NO|O|RWIN|F

2.199 | 2.990 | 3.5987 | 1.792 | 2.226 | 2.479 | 1.159 | 1.732 | 2.292

(=Y
o

2.245 | 2.663 | 2.9818 | 2.023 | 1.778 | 2.400 | 1.088 | 2.381 | 2.026
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Table 42 Thickness of DS microtablets that prepared from various punch size (2.00,
2.25, and 2.5 mm) and compression force (400, 800, 1,200 Ib)

Thickness 2.00 mm 2.25 mm 2.50 mm
(mm) 400 | 800 | 1200 | 400 | 800 | 1200 | 400 | 800 | 1200

Ib Ib Ib Ib Ib Ib Ib Ib Ib
1 268 | 259 | 252 225 (218 | 211 203 | 194 | 189
2 256 | 259 | 2.56 224 | 215 | 216 201 |194 |191
3 263 | 262 | 257 223 | 215 | 215 200 | 195 | 183
4 264 | 260 | 252 227 213 | 215 201 | 198 | 185
5 265 | 263 | 250 224 218 | 2.09 200 | 196 |1.92
6 264 | 259 | 252 226 | 211 | 212 203 | 199 | 186
7 264 | 262 | 256 221 (216 | 215 200 | 194 | 187
8 2.64 | 258 | 256 222 | 218 |2.07 2.02 |19 |1.90
9 265 | 262 | 250 222 | 211 | 207 203 | 198 | 187
10 2.65 | 259 | 259 221 (213 | 212 2.00 | 197 | 1.88

Table 43 Surface area of DS microtablets that prepared from various punch size
(2.00, 2.25, and 2.5 mm) and compression force (400, 800, 1,200 Ib)

surface 2.00 mm 2.25 mm 2.50 mm

area 400 | 800 | 1200 | 400 | 800 | 1200 | 400 | 800 | 1200
(mm?) b | Ib Ib b | Ib b b | Ib b
1 21.14 | 2058 | 20.14 | 21.05 | 20.27 | 20.35 | 21.93 | 21.23 | 20.83
2 20.39 | 20.58 | 20.39 | 20.98 | 20.56 | 20.27 | 21.78 | 21.23 | 20.99
3 20.83 | 20.76.| 20.45 | 2091 | 20.56 | 20.56 | 21.70 | 21.3 | 20.36
4 20.89 [-20.64 | 20.14 | 21.19 |-20.49.| 2056 | 21.78 | 21.54 | 20.52
5 20.95 | 20.83 | 20.01 | 2098 | 20.49 | 20.7 |21.70|21.38 | 21.07
6 20.89 | 20.58 | 20.136 | 21.12 | 20.49.| 20.49 | 21.93| 21.62 | 20.60
7 20.89 [120.76 | 20.391|:20.77 | 20.27 | 20.56 |121.70 | 21.23 | 20.68
8 20.89 [20.51 | 20.39 | 20.7 | 2042 20.35 | 21.85| 21.38 | 20.91
9 20.95|20.76 | 20.01 | 2098 | 20.7 | 20.27 | 21.93 | 21.54 | 20.68
10 20.95 | 20.58 | 20.575 | 20.77 | 20.35 | 20.49 | 21.70 | 21.46 | 20.75
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Table 44 The volume of DS microtablets that prepared from various punch size (2.00,

2.25, and 2.5 mm) and compression force (400, 800, 1,200 Ib)

volume(mm®)

2.00 mm

2.25mm

2.50 mm

400
Ib

800
b

1200
Ib

400
Ib

800
Ib

1200
Ib

400
Ib

800
Ib

1200
Ib

7.924

7.641

7.4216

8.17

7.733

7.773

8.812

8.371

8.126

7.547

7.641

7.5472

8.131

7.892

7.733

8.714

8.371

8.224

7.767

7.736

7.5786

8.091

7.892

7.892

8.665

8.42

7.831

7.798

7.673

7.4216

8.25

7.853

7.892

8.714

8.567

7.929

7.83

7.767

7.3588

8.131

7.853

7.972

8.665

8.469

8.273

7.798

7.641

7.4216

8.21

7.853

7.853

8.812

8.616

7.978

7.798

7.736

7.5472

8.011

7.733

7.892

8.665

8.371

8.027

7.798

7.61

7.5472

7.972

7.813

7.773

8.763

8.469

8.175

O[NP |W|N|F

7.83

7.736

7.3588

8.131

7.972

7.733

8.812

8.567

8.027

[
o

7.83

7.641

7.6414

8.011

7.773

7.853

8.665

8.518

8.077

Table 45 The porosity of DS microtablets that prepared from various punch size
(2.00, 2.25, and 2.5 mm) and compression force (400, 800, 1,200 |b)

2.00 mm

2.25 mm

2.50 mm

% porosity

400
Ib

800
Ib

1200
b

400
b

800
Ib

1200
Ib

400
Ib

800
Ib

1200
Ib

8.045

4.215

0.6136

12.15

8.393

8.122

16.29

12.13

9.466

3.454

4.215

2.2675

11.72

10.24

7.650

15.34

12.13

10.550

6.186

5.381

2.6725

11.29

10.24

9.510

14.87

12.64

6.063

6.564

4.607

0.6136

13.00

9.784

9.510

15.34

14.15

7.226

6.938

5.764

0.2346

11.72

9.784

10.41

14.87

13.15

11.080

6.564

4.215

0.6136

12.58

9.784

9.052

16.29

14.63

7.796

6.564

5.381

2.2675

1041

8.393

9.510

14.87

12.13

8.360

6.564

3.82

2.2675

9.961

9.325

8.122

15.82

13.15

10.010

OO |NOO|A~W|IN|F

6.938

5.381

0.2346

11.72

11.13

7.650

16.29

14.15

8.360

=
o

6.938

4.215

3.4723

10.41

8.861

9.052

14.87

13.65

8.917
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Table 46 The hardness (N) of DS microtablets that prepared from various the type

and amount of compositions in the formulation

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
1649 | 14.77 | 13.96 | 8.789 | 7.019 | 8.34 | 13.09 | 12.79 | 1142 | 16.15
15.06 | 14.73 | 14.64 | 6.691 | 5.905 | 11.72 | 12.35| 11.76 | 12.05 | 13.86
1142 | 15.26 | 16.05 | 6.264 | 5.966 | 12.23 | 14.45| 12.69 | 12.5 | 1431
17.35 | 15.36 | 14.98 | 9.521 | 5.135 | 12.27 | 14.02 | 12.36 | 13.05 | 15.59
18.37 | 14.27 | 14.76 | 9.178 | 6.02 | 8.865 | 13.24 | 13.31 | 12.03 | 15.82
12.02 | 12.00 | 15.18 | 11.06 | 5.035 | 8.89 |13.46| 135 | 13.62 | 14.86
11.72 | 1552 | 11.94 | 7.599 | 7.637 | 10.57 | 13.49 | 13.98 | 10.50 | 13.41

155 | 1519 | 16.08 | 6.233 | 5.295 | 13.24 | 12.38 | 13.03 | 15.46 | 15.75
12.92 | 13.37 | 14.79 | 6.744 | 5.531 | 10.09 | 12.09 | 14.09 | 13.02 | 13.32
17.57 | 1548 | 15.13 | 7.721 | 6.454 | 10.25 | 13.27 | 13.3 | 14.37 | 14.48

Table 47 The thickness (mm) of DS microtablets that prepared from various the type

and amount of compositions in the formulation

F1 F2 F3 F4 e Y F7 F8 F9 F10
187 | 1.8 |18 |19 | 19 | 18| 19 | 193 | 197 | 1.89
189 | 181 | 181 | 1.88 | 186 | 1.87 | 1.89 | 19 | 203 | 191
184 | 1.79 | 1.8 | 1.88 | 189 | 1.85| 189 | 191 | 204 | 1.88
195 | 183 (182 | 195 | 19 | 188|193 |- 19 | 196 | 1.90
191 | 183 | 1.82 | 191 | 197 | 1.85| 1.90 | 198 | 1.95 | 192
193 | 181 | 1.83 | 196 | 1.93 | 1.86 | 1.93 | 1.95 | 1.99 | 1.89
185 | 1.83 | 1.82 | 191 | 199 | 1.84 | 1.89 | 1.95 | 1.96 | 1.92
193 | 1.82 | 1.82 | 1.89 | 193 | 1.86 | 1.87 | 1.96 | 2.06 | 1.92
190 | 1.82 {182 1191 | 1.95| 187|190 (194 | 197 | 189
188 | 183 | 1.81| 191 188|186 | 1.90 | 1.89 | 205 | 1.89
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Table 48 Percentage of DS release of microtablets from position P1 at 400 |b in pH-

change method
. Log% dru
Time(hr) | SQRT(t) | Ave «d re%d n edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1.414 0.000 | 0.000 2.000
25 1581 | 21.289 | 6.484 1.896
3 1.732 | 27.849 | 11.302 1.858
35 1.871 | 34.358 | 14.721 1.817
4 2.000 40.453 | 15.255 1.775
45 2121 | 44.157 | 17.198 1.747
5 2236 | 47.981 | 18.068 1.716
6 2449 | 55,556 | 19.183 1.648
7 2.646 | 60.693 | 19.594 1.594
8 2.828 | 64.790 | 18.679 1.547
10 3.162 | 72.332 | 16.037 1.442
12 3464 | 77461 | 12.257 1.353
14 3.742 | 81.250 | 9.179 1.273
17 4123 | 86.596 | 8.532 1.127
20 4472 | 92302 | 6.648 0.886
24 4.899 1.94.721 | 4.074 0.723
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Table 49 Percentage of DS release of microtablets from position P2 at 400 |b in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1414 | 0.000 | 0.000 2.000
25 1581 | 21.106 | 5.723 1.897
3 1.732 | 28.806 | 11.410 1.852
35 1.871 | 35.878 | 15217 1.807
4 2.000 | 42.690 | 19.801 1.758
4.5 2121 | 46.975 | 21.253 1.724
5 2.236 | 50.971 | 21.204 1.690
6 2449 | 56.674 | 20.910 1.637
7 2.646 | 61.679 | 19.715 1.583
8 2.828 | 65.647 | 18.422 1.536
10 3.162 | 72.938 | 15.561 1.432
12 3.464 | 78.328 | 13.268 1.336
14 3.742 | 81.594 | 10.777 1.265
17 4123 | 85811 | 6.619 1.152
20 4472 | 90.188 | 6.039 0.992
24 4899 | 92.000 | 2.967 0.903
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Table 50 Percentage of DS release of microtablets from position P3 at 400 |b in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1414 | 0.000 | 0.000 2.000
2.5 1581 | 22536 | 6.526 1.889
3 1.732 | 32915 | 15.099 1.827
35 1.871 | 39.758 | 20.311 1.780
4 2.000 | 47.928 | 23.741 1.717
4.5 2.121 | 51.253 | 23.056 1.688
5 2.236 | 58.101 | 19.409 1.622
6 2.449 | 60.687 | 21.406 1.595
7 2.646 | 65.177 | 20.290 1.542
8 2.828 | 68.696 | 19.131 1.496
10 3.162 | 75.876 | 15.903 1.382
12 3.464 | 79.638 | 12.583 1.309
14 3.742 | 82.360 | 10.404 1.246
17 4123 | 85.700 | 7.006 1.155
20 4472 | 88.706 | 5.688 1.053
24 4899 | 90.199 | 3.398 0.991
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Table 51 Percentage of DS release of microtablets from position P1 at 800 |b in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1414 | 0.000 | 0.000 2.000
2.5 1581 | 21.345 | 5.892 1.896
3 1.732 | 31.279 | 10.631 1.837
35 1.871 | 38.915 | 15.355 1.786
4 2.000 | 46.085 | 17.636 1.732
4.5 2121 | 49.802 | 19.450 1.701
5 2.236 | 54.749 | 19.153 1.656
6 2449 | 60.246 | 19.951 1.599
7 2.646 | 65.449 | 19.369 1.538
8 2.828 | 69.513 | 19.402 1.484
10 3.162 | 76.188 | 17.073 1.377
12 3.464 | 80.379 | 14.085 1.293
14 3.742 | 81.970 | 11.501 1.256
17 4123 | 85732 | 8.287 1.154
20 4472 | 88.486 | 6.062 1.061
24 4899 | 88.993 | 3.887 1.042
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Table 52 Percentage of DS release of microtablets from position P2 at 800 |b in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1414 | 0.000 | 0.000 2.000
25 1581 | 23.274 | 5.427 1.885
3 1.732 | 32.346 | 10.611 1.830
35 1.871 | 39.739 | 14.580 1.780
4 2.000 | 45.318 | 15.999 1.738
4.5 2.121 | 49.893 | 15.835 1.700
5 2.236 | 54.166 | 16.421 1.661
6 2449 | 60.304 | 16.787 1.599
7 2.646 | 65.519 | 16.203 1.538
8 2.828 | 70.817 | 15.371 1.465
10 3.162 | 77.902 | 13.626 1.344
12 3.464 | 82.360 | 11.517 1.247
14 3742 | 84.784 | 8.285 1.182
17 4123 | 87.633 | 7.691 1.092
20 4472 1 91.220 | 8.096 0.944
24 4899 | 93.843 | 5.301 0.789
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Table 53 Percentage of DS release of microtablets from position P3 at 800 |b in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1414 | 0.000 | 0.000 2.000
2.5 1581 | 23.345 | 3.882 1.885
3 1.732 | 30.290 | 8.409 1.843
35 1.871 | 36.961 | 10.771 1.800
4 2.000 | 44.188 | 11.706 1.747
4.5 2.121 | 49.343 | 13.789 1.705
5 2.236 | 54.305 | 15.746 1.660
6 2449 | 62.596 | 15.184 1.573
7 2.646 | 68.347 | 15.324 1.500
8 2.828 | 73.506 | 14.612 1.423
10 3.162 | 80.385 | 12.605 1.293
12 3.464 | 83.957 | 11.153 1.205
14 3.742 | 88.119 | 8.999 1.075
17 4123 | 90.539 | 6.959 0.976
20 4472 1 93.685 | 5.370 0.800
24 4899 | 94.030 | 4.546 0.776
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Table 54 Percentage of DS release of microtablets from position P1 at 1200 Ib in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1.414 0.000 | 0.000 2.000
25 1.581 18.273 | 1.769 1912
3 1732 | 28481 | 4.395 1.854
35 1871 | 38.118 | 6.224 1.792
4 2.000 | 47.998 | 8.158 1.716
4.5 2.121 54117 | 8.136 1.662
5 2236 | 59.182 | 7.996 1611
6 2449 | 67.280 | 7.725 1.515
7 2.646 | 74.204 | 5.609 1.412
8 2.828 | 79.842 | 4.721 1.304
10 3.162 | 86.099 | 4.002 1.143
12 3.464 | 91.589 | 3.847 0.925
14 3.742 | 95.251 | 2.960 0.677
17 4123 | 97.660 | 2.738 0.369
20 4472 1101.661 | 1.228 #NUM!
24 4.899 | 102.876 | 2.148 #NUM!
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Table 55 Percentage of DS release of microtablets from position P2 at 1200 Ib in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1.414 0.000 | 0.000 2.000
2.5 1581 | 19543 | 2.352 1.906
3 1.732 | 26.657 | 3.219 1.865
35 1.871 | 33413 | 4.945 1.823
4 2.000 | 39.543 | 5.923 1.781
4.5 2.121 44502 | 6.983 1.744
5 2236 | 49.348 | 7.679 1.705
6 2449 | 57.209 | 8.015 1.631
7 2.646 | 65.331 | 7.351 1.540
8 2.828 | 70.875 | 7.111 1.464
10 3.162 | 79.967 | 8.066 1.302
12 3.464 | 87.010 | 8.127 1114
14 3.742 | 91.270 | 6.013 0.941
17 4123 | 92.699 | 4.384 0.863
20 4472 | 99.518 | 3.528 -0.317
24 4.899 | 101.574 | 2.002 #NUM!
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Table 56 Percentage of DS release of microtablets from position P3 at 1200 Ib in pH-

change method
: Log% dru
Time(hr) | SQRT(t) | Ave sd re?nai N edg
0 0.000 0.000 | 0.000 2.000
0.5 0.707 0.000 | 0.000 2.000
1 1.000 0.000 | 0.000 2.000
15 1.225 0.000 | 0.000 2.000
2 1.414 0.000 | 0.000 2.000
2.5 1581 | 20.873 | 1.293 1.898
3 1.732 | 30.195 | 0.679 1.844
35 1.871 | 38.202 | 1.370 1.791
4 2.000 | 44.455 | 2.368 1.745
4.5 2.121 | 50.024 | 3.278 1.699
5 2236 | 55.333 | 4.210 1.650
6 2449 | 62602 | 4.614 1.573
7 2.646 | 70.092 | 5.196 1.476
8 2.828 | 74.787 | 5.971 1.402
10 3.162 | 83.083 | 7.923 1.228
12 3.464 | 88.749 | 7.779 1.051
14 3.742 | 92530 | 5.510 0.873
17 4123 | 95.855 | 4.190 0.618
20 4.472 1 100.766 | 2.653 #NUM!
24 4.899 | 100.697 | 2.172 #NUM!
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Table 57 Percentage of DS release from microtablets which prepared from punch
2.00 mm at 400 Ib in pH-change method

0,
Time(hr) | SQRT() | Log(t) %g s Lr%?nﬁi gg;g L og(fraction)
0 0.000 | #NUM! | -0.348 | 0001 |  2.002 ANUM!
05 0707 | -0301 | 0733 | 0255 |  1.997 2135
1 1000 | 0000 | 1.361 | 0.091 | 1994 ~1.866
15 1225 | 0176 | 2522 | 0067 |  1.989 -1.598
2 1414 | 0301 | 3135 | 0073 | 1986 ~1.504
25 1581 | 0398 | 24.565 | 1806 | 1878 20610
3 1732 | 0477 | 37.821 | 3241 | 1.794 20422
35 1871 | 0544 | 48268 | 3388 | 1714 20316
4 2000 | 0.602 | 55106 | 2.266 | 1652 -0.259
45 2121 | 0653 | 61314 | 1.769 | 1588 0212
5 2236 | 0609 | 67.123 | 2942 | 1517 0173
6 2449 | 0778 | 75085 | 1979 |  1.39% 20124
7 2646 | 0845 | 82068 | 1132 | 1254 -0.086
8 2828 | 0903 | 89.946 | 1031 |  1.002 20.046
10 3162 | 1000 | 93923 | 1371 | 0.784 20.027
12 3464 | 1079 | 98296 | 0565 | 0231 -0.007
14 3742 | 1146 | 102466 1108 | #NUM! 0.011
17 4123 | 1230 | 105489 1643 | #NUM! 0.023
20 4472 | 1301 | 106675 0372 | #NUM! 0.028
24 4899 | 1380 | 106.039| 1659 | #NUM! 0.025

Table 58 Exponential value of DS microtablets which prepared from punch 2.00 mm
at 400 Ib in pH-change method

mechanism 1 2 3 ave sd
intercept(logk) | -1.231 | -1.225 | -1.105 | -1.187 0.071
slope(n) 1.586 | 1.589 | 1.439 | 1.538 0.086
k 0.059 | 0.060 | 0.079 | 0.066 0.011
r2 0.971 | 0962 | 0936 | 0.957 0.018
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Table 59 Percentage of DS release from microtablets which prepared from punch
2.00 mm at 800 Ib in pH-change method

0,
Time(hr) | SORT() | Log(t) %‘(’)‘8 s Lr‘;?ng’j ﬁ;‘ég L og(fraction)
0 0.000 | #NUM! | -0.346 | 0.001 2,001 #NUM!
05 0707 | -0301 | 0.710 | 0.158 1.997 2148
1 1000 | 0000 | 1225 | 0127 1.995 1912
15 1225 | 0176 | 2481 | 0179 1.989 -1.605
2 1414 | 0301 | 3211 | 0176 1.986 -1.493
25 1581 | 0398 | 25679 | 0846 1871 20590
3 1732 | 0477 | 40915 | 1585 1771 20.388
35 1871 | 0544 | 51838 | 2112 1683 -0.285
4 2000 | 0602 | 59.264 | 2.281 1610 0227
45 2121 | 0653 | 66058 | 1.770 1531 20,180
5 2236 | 0699 | 71821 | 2219 1.450 20,144
6 2449 | 0778 | 80205 | 1547 1297 -0.096
7 2646 | 0845 | 86852 | 1.089 1119 20,061
8 2828 | 0903 | 90378 | 0935 0.983 20.044
10 3162 | 1000 | 96.213 | 0.937 0578 20017
12 3464 | 1079 | 100624 | 0192 ANUM! 0.003
14 3742 | 1.146 | 104596 | 1517 ANUM! 0.020
17 4123 | 1230 | 106.712| 1.430 ANUM! 0.028
20 4472 | 1301 | 106.959| 0.552 ANUM! 0.029
24 4899 | 1380 | 107.116| 1.827 ANUM! 0.030

Table 60 Exponentia value of DS microtablets which prepared from punch 2.00 mm
at 800 Ib in pH-change method

mechanism 1 2 3 ave sd
intercept(logk) | -1.292 | -1.290 | -1.311 | -1.298 0.011
slope(n) 1.801 | 1.765 | 1.773 | 1.780 0.019
k 0.051 | 0.051 | 0.049 | 0.050 0.001
r2 0.958 | 0.964 | 0961 | 0.961 0.003
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Table 61 Percentage of DS release from microtablets which prepared from punch
2.00 mm at 1200 Ib in pH-change method

0,
Time(hr) | SQRT() | Log(t) | Avefsoo | i | -9% grefjg Log(fraction)
0 0.000 | #NUM!| -0.344 | 0.000 |  2.001 ANUM!
05 0707 | -0.301 | 0497 | 0091 | 1.998 -2.304
1 1000 | 0000 | 0823 |0310| 1.99% -2.085
15 1225 | 0176 | 209 | 0.045| 1991 1679
2 1414 | 0301 | 2966 |0106| 1.987 1528
25 1581 | 0398 | 21770 | 4720 |  1.893 20.662
3 1732 | 0477 | 35119 | 2362 1812 20.454
35 1871 | 0544 | 44413 | 0980 |  1.745 20.352
4 2000 | 0602 | 51928 | 1209 | 1682 -0.285
45 2121 | 0653 | 59157 | 1108 | 1611 20228
5 2236 | 0699 | 64925 | 0.683| 1545 20.188
6 2449 | 0778 | 74170 | 0497 | 1412 20130
7 2646 | 0845 | 80.366 | 1262 | 1293 -0.095
8 2828 | 0903 | 85667 | 0.726 | 1156 20.067
10 3162 | 1000 | 93227 | 2652 | 0831 20,030
12 3464 | 1.079 | 95774 | 0.756 | 0626 20,019
14 3742 | 1146 | 99.011 | 0.766 | -0.005 20.004
17 4123 | 1230 | 103104 | 1388 | #NUM! 0.013
20 4472 | 1301 | 104960 | 0.377 | #NUM! 0.021
24 4899 | 1380 | 107451 | 0851 | #NUM! 0.031

Table 62 Exponentia value of DS microtablets which prepared from punch 2.00 mm
at 1200 Ib in pH-change method

mechanism 1 2 3 ave «d
intercept(logk) | -1.212 | -1.382 | -1.268 | -1.287 0.087
slope(n) 1.541 1804 | 1.650 | 1.665 0.132
k 0.061 | 0.042 | 0.054 | 0.052 0.010
r2 0.963 | 0965 | 0.954 | 0.961 0.006
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Table 63 Percentage of DS release from microtablets which prepared from punch
2.25 mm at 400 Ib in pH-change method

0,
Time(hr) | SQRT() | Log(t) %g s Lr%?nﬁi gg;g L og(fraction)
0 0000 | #NUM! | -0342 | 0001 | 2001 ANUM!
05 0707 | -0301 | 0543 | 0214 | 1998 -2.265
1 1000 | 0000 | 1.405 | 0.080 |  1.994 1852
15 1225 | 0176 | 2602 | 0061 |  1.989 -1.585
2 1414 | 0301 | 3530 | 0170 | 1984 11452
25 1581 | 0398 | 21.130 | 1675 | 1897 0675
3 1732 | 0477 | 32615 | 2370 | 1829 20487
35 1871 | 0544 | 43007 | 2266 |  1.756 20.366
4 2000 | 0.602 | 49019 | 2.188 | 1707 -0.310
45 2121 | 0653 | 54975 | 2372 | 1653 20.260
5 2236 | 0699 | 61203 | 2429 | 1589 0213
6 2449 | 0778 | 66927 | 4250 | 1519 0174
7 2646 | 0845 | 74082 | 4436 | 1414 20130
8 2828 | 0903 | 82158 | 3087 | 1251 -0.085
10 3162 | 1000 | 89.494 | 1083 | 1021 20.048
12 3464 | 1079 | 96102 | 0771 | 0591 20017
14 3742 | 1146 | 99956 | 3077 | -1.357 0.000
17 4123 | 1230 | 102426 1.160 | #NUM! 0.010
20 4472 | 1301 | 103141| 0859 | #NUM! 0.013
24 4899 | 1380 | 101971 1189 | #NUM! 0.008

Table 64 Exponentia value of DS microtablets which prepared from punch 2.25 mm
at 400 Ib in pH-change method

mechanism 1 2 3 ave «d
intercept(logk) -1.220 | -1.165| -1.284| -1.223 0.059
slope(n) 1.480 1.431 1.557 1.489 0.063
k 0.060 0.068 0.052 0.060 0.008
r> 0.980 0.977 0.979 0.979 0.001
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Table 65 Percentage of DS release from microtablets which prepared from punch
2.25 mm at 800 Ib in pH-change method

0,
Time(hr) | SORT() | Log(t) %‘(’)‘8 s Lr‘;?né’j gg‘ég L og(fraction)
0 0.000 | #NUM! | -0.345 | 0001 |  2.001 ANUM!
05 0707 | -0301 | 0734 | 0123 | 1997 2134
1 1000 | 0000 | 1161 | 0115 |  1.995 1935
15 1225 | 0176 | 2143 | 0278 | 1991 -1.669
2 1414 | 0301 | 3141 | 0161 | 1986 -1503
25 1581 | 0398 | 22141 | 3408 | 1891 -0.655
3 1732 | 0477 | 33810 | 4891 | 1821 0471
35 1871 | 0544 | 45109 | 5320 | 1740 -0.346
4 2000 | 0602 | 50.828 | 6266 |  1.692 -0.294
45 2121 | 0653 | 57.987 | 4358 | 1623 20237
5 2236 | 0699 | 64740 | 2858 | 1547 20,189
6 2449 | 0778 | 73.185 | 1608 | 1419 0132
7 2646 | 0845 | 79612 | 1585 | 1309 -0.099
8 2828 | 0903 | 84371 | 0939 | 1194 -0.074
10 3162 | 1000 | 92.357 | 0354 | 0883 20035
12 3464 | 1079 | 98334 | 1800 | 0222 -0.007
14 3742 | 1146 |100.355| 0372 | #NUM! 0.002
17 4123 | 1230 | 103883 0550 | #NUM! 0.017
20 4472 | 1301 | 104438 1570 | #NUM! 0.019
24 4899 | 1380 | 101882 1.077 | #NUM! 0.008

Table 66 Exponentia value of DS microtablets which prepared from punch 2.25 mm
at 800 Ib in pH-change method

mechanism 1 2 3 ave «d
intercept(logk) | -1.146 | -1.119 | -1.390 | -1.219 0.149
slope(n) 1.453 1.367 1.723 | 1514 0.186
k 0.071 | 0.076 | 0.041 | 0.063 0.019
r> 0.947 | 0953 | 0979 | 0.960 0.017
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Table 67 Percentage of DS release from microtablets which prepared from punch
2.25 mm at 1200 Ib in pH-change method

Ave Log% drug

Time(hr) SQRT() | Log(t) |f1200 |sd remained Log(fraction)

0 0.000 | #NUM! | -0.343| 0.001 2.001 | #NUM!
0.5 0.707| -0301| 0.278| 0.052 1.999 -2.556
1 1.000| 0.000| 0.936| 0.043 1.996 -2.029
15 1.225| 0176| 2256| 0.122 1.990 -1.647
2 1414| 0301| 3294| 0.078 1.985 -1.482
2.5 1581 | 0.398| 23.258| 0.525 1.885 -0.633
3 1.732| 0477 | 35375| 1181 1.810 -0.451
35 1.871 0.544 | 44.915 1.974 1.741 -0.348
4 2.000| 0602 | 52319 | 1585 1.678 -0.281
45 2121 | 0.653| 58.323 | 1.998 1.620 -0.234
5 2236 | 0.699| 62.793 | 2247 1571 -0.202
6 2.449 0.778 | ~70.448 2.572 1471 -0.152
7 2646 | 0.845| 76.588 | 2.136 1.369 -0.116
8 2.828| 0.903| 80.127 | 1.908 1.298 -0.096
10 3.162| 1.000| 86.423| 1514 1.133 -0.063
12 3464 | 1.079| 89.723| 0.290 1.012 -0.047
14 3742 | 1146 | 95.867 | 0.808 0.616 -0.018
17 4123 | 1230| 98.729| 1135 0.104 -0.006
20 4472 | 1301101586 | 1.656 #NUM! 0.007
24 4.899 1.380 | 102.474 0.799 #NUM! 0.011

Table 68 Exponentia value of DS microtablets which prepared from punch 2.25 mm
at 1200 Ib in pH-change method

mechanism 1 2 3 ave sd
intercept(logk) | -1.140 | -1.143| -1.160| -1.148 0.011
slope(n) 1420 | 1.380| 1412| 1404 0.021
k 0.072| 0.072| 0.069 | 0.071 0.002
r 0951| 0959 0.956| 0.956 0.004
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Table 69 Percentage of DS release from microtablets which prepared from punch
2.50 mm at 400 Ib in pH-change method

0,
Time(hr) | SQRT() | Log(t) %g s Lr%?nﬁi ﬁ;‘ég L og(fraction)
0 0.000 | #NUM! | -0.341 | 0.001 2,001 ANUM!
05 0707 | -0301 | 0535 | 0208 1.998 2272
1 1000 | 0.000 | 1453 | 0.268 1.994 11838
15 1225 | 0176 | 2590 | 0.240 1.989 -1.587
2 1414 | 0301 | 3167 | 0068 1.986 -1.499
25 1581 | 0398 | 21.492 | 1185 1.895 10.668
3 1732 | 0477 | 31468 | 1243 1.836 -0.502
35 1871 | 0544 | 40218 | 2520 1777 20.39
4 2000 | 0.602 | 46.111 | 1564 1732 -0.336
45 2121 | 0653 | 51478 | 1551 1,686 10.288
5 2236 | 0.699 | 56006 | 1825 1643 20.252
6 2449 | 0778 | 64577 | 1528 1549 20,190
7 2646 | 0845 | 71075 | 2501 1461 0.148
8 2828 | 0903 | 76471 | 2.708 1372 0117
10 3162 | 1000 | 84949 | 1.686 1178 0,071
12 3464 | 1079 | 92051 | 1853 0.900 :0.036
14 3742 | 1146 | 95670 | 1.755 0.636 -0.019
17 4123 | 1230 | 101.332| 0.89% ANUM! 0.006
20 4472 | 1301 | 105957 1632 ANUM! 0.025
24 4899 | 1380 | 108.797 | 0.956 ANUM! 0.037

Table 70 Exponentia value of DS microtablets which prepared from punch 2.50 mm
at 400 Ib in pH-change method

mechanism 1 2 3 ave «d
intercept(logk) | -1.121 | -1.202 | -1.186 | -1.170 0.043
slope(n) 1.299 1.379 1.392 1.356 0.050
k 0.076 | 0.063 | 0.065 | 0.068 0.007
r> 0.954 | 0968 | 0966 | 0.963 0.007
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Table 71 Percentage of DS release from microtablets which prepared from punch
2.50 mm at 800 Ib in pH-change method

0,
Time(hr) | SORT() | Log(t) %‘(’)‘8 s Lr‘;?né’j gg‘ég L og(fraction)
0 0.000 | #NUM! | -0.348 | 0000 |  2.002 ANUM!
05 0707 | -0301 | 0332 | 0034 | 1999 -2.479
1 1000 | 0000 | 0815 | 0092 |  1.99 -2.089
15 1225 | 0176 | 2413 | 0107 |  1.991 1675
2 1414 | 0301 | 3047 | 0052 | 1987 "1516
25 1581 | 0398 | 20327 | 0651 |  1.901 20,692
3 1732 | 0477 | 30874 | 1488 | 1840 20510
35 1871 | 0544 | 40240 | 1517 | 1776 -0.395
4 2000 | 0.602 | 47.478 | 2059 |  1.720 -0.324
45 2121 | 0653 | 52338 | 2257 | 1678 20281
5 2236 | 0699 | 58086 | 2456 | 1622 20.236
6 2449 | 0778 | 66266 | 3038 | 1528 20179
7 2646 | 0845 | 73131 | 2891 | 1429 -0.136
8 2828 | 0903 | 78717 | 3084 | 1328 20104
10 3162 | 1000 | 87.336 | 2922 | 1103 20.059
12 3464 | 1079 | 93316 | 2191 | 0825 20,030
14 3742 | 1146 | 97215 | 2442 | 0445 0012
17 4123 | 1230 |101.790| 2.724 | #NUM! 0.008
20 4472 | 1301 | 105693 0.680 | #NUM! 0.024
24 4899 | 1380 | 108228 0271 | #NUM! 0.034

Table 72 Exponentia value of DS microtablets which prepared from punch 2.50 mm
at 800 Ib in pH-change method

mechanism 1 2 3 ave «d
intercept(logk) | -1.259 | -1.222 | -1.238 | -1.240 0.018
slope(n) 1484 | 1.452 1510 | 1.482 0.029
k 0.055 | 0.060 | 0.058 | 0.058 0.002
r> 0.965 | 0964 | 0959 | 0.962 0.003
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Table 73 Percentage of DS release from microtablets which prepared from punch
2.50 mm at 1200 Ib in pH-change method

0,
Time(hr) | SQRT(t) | Log(t) fggo s er?né’j (rj]g;g L og(fraction)
0 0.000 | #NUM! | -0.345 | 0.000 |  2.001 ANUM!
05 0707 | -0.30L | 0503 | 0090 |  1.998 -2.299
1 1000 | 0000 | 0631 | 0157 | 1997 -2.200
15 1225 | 0176 | 1954 | 0091 |  1.991 -1.709
2 1414 | 0301 | 2798 | 0176 | 1988 "1553
25 1581 | 0398 | 18192 | 1029 | 1913 20.740
3 1732 | 0477 | 29109 | 2471 | 1851 -0.536
35 1871 | 0544 | 36679 | 2377 | 1802 -0.436
4 2000 | 0.602 | 42550 | 2317 |  1.759 0371
45 2121 | 0.653 | 48826 | 2547 | 1709 0311
5 2236 | 0699 | 53925 | 2551 | 1663 20.268
6 2449 | 0.778 | 62805 | 3071 | 1570 20202
7 2646 | 0845 | 69280 | 2246 | 1487 20.159
8 2828 | 0903 | 75697 | 2552 | 1386 0121
10 3162 | 1000 | 83745 | 2084 | 1211 20077
12 3464 | 1079 | 90250 | 2454 | 0989 -0.045
14 3742 | 1146 | 94137 | 1400 |  0.768 -0.026
17 4123 | 1230 | 102194 1532 | #NUM! 0.009
20 4472 | 1301 | 107.323| 1119 | #NUM! 0.031
24 4899 | 1380 | 106.007| 0.636 | #NUM! 0.025

Table 74 Exponentia value of DS microtablets which prepared from punch 2.50 mm
at 1200 Ib in pH-change method

mechanism 1 2 3| ave «d

intercept(logk) | -1.190 | -1.195 | -1.263 | -1.216 0.041
slope(n) 1.328 | 1.358 | 1.393 | 1.360 0.032
k 0.065 | 0.064 | 0.055 | 0.061 0.006
r 0.945 | 0948 | 0959 | 0.951 0.007
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Table 75 Percentage of DS release from microtablets formulation F1 in pH-change

method
Log%
Time(hr) | SQRT(t) | log(t) Ave sd drug Log(fraction)
remained
0 0.000 | #NUM! | -0.348 0.000 2.002 #NUM!
0.5 0.707 -0.301 0.332 0.034 1.999 -2.479
1 1.000 0.000 0.815 0.092 1.996 -2.089
15 1.225 0.176 2113 0.107 1.991 -1.675
2 1.414 0.301 3.047 0.052 1.987 -1.516
2.5 1.581 0.398 20.327 0.651 1.901 -0.692
3 1.732 0.477 30.874 1.488 1.840 -0.510
35 1.871 0.544 40.240 1.517 1.776 -0.395
4 2.000 0.602 47.478 2.059 1.720 -0.324
4.5 2.121 0.653 52.338 2.257 1.678 -0.281
5 2.236 0.699 58.086 2.456 1.622 -0.236
6 2.449 0.778 66.266 3.038 1.528 -0.179
7 2.646 0.845 73.131 2.891 1.429 -0.136
8 2.828 0.903 78.717 3.084 1.328 -0.104
10 3.162 1.000 87.336 2.922 1.103 -0.059
12 3.464 1.079 93.316 2.191 0.825 -0.030
14 3.742 1.146 97.215 2.442 0.445 -0.012
17 4.123 1230 | 101.790 | 2.724 #NUM! 0.008
20 4.472 1.301 | 105.693 | 0.680 #NUM! 0.024
24 4.899 1380 | 108.228 | 0.271 #NUM! 0.034

Table 76 Exponential value of DS microtablets from formulation F1

mechanism 1 2 3 ave «d
intercept(logk) | -0.947 | -1.023 | -1.011 | -0.993 0.041
slope(n) 0.969 1.043 1.062 1.024 0.049
k 0.113 | 0.095 | 0.097 | 0.102 0.010
n+1 1969 | 2043 | 2.062 | 2.024 0.049
r2 0934 | 0943 | 0.946 | 0.942 0.006
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Table 77 Percentage of DS release from microtablets formulation F2 in pH-change
method

Time(hr) | SQRT(®) | logt) | Ave | sd Lr‘;‘-m gg‘ég L og(fraction)
0 0000 |#NUM! | -0341 | 0002 | 2001 ANUM!
05 0707 | -0301 | 0372 | 0137 | 1.998 -2.429
1 1000 | 0000 | 0606 | 0.082 | 1.997 2217
15 1225 | 0176 | 1293 | 0033 | 1.994 -1.888
2 1414 | 0301 | 1965 | 0048 | 1991 -1.707
25 1581 | 0398 | 18375 | 1905 | 1912 0.736
3 1732 | 0477 | 32146 | 3139 | 1832 20493
35 1871 | 0544 | 47.304 | 4801 | 1722 -0.325
4 2000 | 0602 | 55645 | 5454 | 1647 -0.255
45 2121 | 0653 | 61.783 | 5600 | 1582 20.209
5 2236 | 0699 | 67.707 | 5643 | 1509 20,169
6 2449 | 0.778 | 75662 | 58%2 | 1386 0121
7 2646 | 0.845 | 81189 | 5173 | 1274 -0.091
8 2828 | 0903 | 86391 | 5023 | 1134 -0.064
10 3162 | 1000 | 90624 | 4344 | 0972 20.043
12 3464 | 1079 | 95958 | 3650 | 0.607 20018
14 3742 | 1146 | 100591 | 3.808 | #NUM! 0.003
17 4123 | 1.230 | 102820 3357 | #NUM! 0.012
20 4472 | 1301 | 104932 2363 | #NUM! 0.021
24 4899 | 1380 | 105780 1.246 | #NUM! 0.024

Table 78 Exponential value of DS microtablets from formulation F2

mechanism 1 2 3 ave «d
intercept(logk) | -1.512 | -1.461 | -1.571 | -1.513 0.055
slope(n) 2118 | 2.021 | 2.087 | 2.074 0.050
k 0.031 | 0.035 | 0027 | 0.031 0.004
R? 0.940-| 0954 | 0952 | -0.949 0.008
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Table 79 Percentage of DS release from microtablets formulation F3 in pH-change
method

Time(hr) | SQRT@) | logt) | Ave | sd Lr‘;‘-m gg;g L og(fraction)
0 0.000 | #NUM! | -0.337 | 0000 | 2001 ANUM!
05 0707 | -0301 | 0117 | 0.182 | 1.999 2931
1 1000 | 0000 | 0068 | 0029 |  2.000 3170
15 1225 | 0176 | 0303 | 0044 | 1.999 2518
2 1414 | 0301 | 0675 | 0111 | 1997 2171
25 1581 | 0398 | 18020 | 0.646 |  1.909 0.723
3 1732 | 0477 | 35074 | 1953 | 1812 -0.455
35 1871 | 0544 | 47815 | 1555 | 1.718 -0.320
4 2000 | 0602 | 58679 | 4151 | 1616 0232
5 2236 | 0653 | 73634 | 4744 | 1421 20133
6 2449 | 0699 | 82401 | 3696 | 1245 -0.084
7 2646 | 0778 | 87.603 | 3.391 |  1.093 -0.057
8 2828 | 0845 | 91544 | 3073 |  0.927 -0.038
10 3162 | 0.903 | 96539 | 1567 |  0.539 20015
12 3464 | 1000 | 99940 | 2130 | 1225 0.000
14 3742 | 1079 | 101L541] 1547 | #NUM! 0.007
17 4123 | 1146 | 99.865 | 0883 | -0.869 -0.001
20 4472 | 1230 |100310| 0.935 | #NUM! 0.001
24 4899 | 1301 |101.212| 0556 | #NUM! 0.005

Table 80 Exponential value of DS microtablets from formulation F3

mechanism 1 2 3 ave sd
intercept(logk) | -1.609 | -1.667 | -1.656 | -1.645 0.031
slope(n) 229 | 2433 | 2462 | 2.399 0.089
k 0.025 | 0.022 | 0.022 | 0.023 0.002
R? 0.974 | 0954 | 0.971 | 0.968 0.011
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Table 81 Percentage of DS release from microtablets formulation F4 in pH-change
method

Log%

drug
Time(hr) SQRT(t) | log(t) Ave sd remained | Log(fraction)
0 0.000 #NUM! |-0.340 | 0.001 2.001 #NUM!
0.5 0.707 -0.301 | 0.280 0.116 1.999 -2.553
1 1.000 0.000 0.821 0.093 1.996 -2.086
15 1.225 0.176 1.699 0.067 1.993 -1.770
2 1414 0.301 2.536 0.078 1.989 -1.596
25 1.581 0.398 19.016 | 0.151 1.908 -0.721
3 1.732 0.477 29.925 |0.833 1.846 -0.524
35 1.871 0.544 38.195 | 0.858 1.791 -0.418
4 2.000 0.602 45422 | 0.859 1.737 -0.343
4.5 2.121 0.653 50.186 | 0.756 1.697 -0.299
5 2.236 0.699 55.294 | 0.822 1.650 -0.257
6 2.449 0.778 63.840 | 0.132 1.558 -0.195
7 2.646 0.845 70.552 | 0.763 1.469 -0.151
8 2.828 0.903 75.428 | 0.835 1.390 -0.122
10 3.162 1.000 83.383 | 1.029 1.221 -0.079
12 3.464 1.079 89.497 | 1.228 1.021 -0.048
14 3.742 1.146 94.779 | 1.080 0.718 -0.023
17 4.123 1.230 100.955 | 2.790 #NUM! 0.004
20 4.472 1.301 102.899 | 1.008 #NUM! 0.012
24 4.899 1.380 103.876 | 1.233 #NUM! 0.017

Table 82 Exponentia value of DS microtablets from formulation F4

mechanism 1 2 3 ave s
intercept(logk) | -1.194 -1.179 -1.182 -1.185 0.008
slope(n) 1.343 1.335 1.324 1.334 0.010
k 0.064 0.066 0.066 0.065 0.001
R? 0.950 0.930 0.951 0.944 0.012
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Table 83 Percentage of DS release from microtablets formulation F5 in pH-change
method

Time(hr) | SQRT(®) | logt) | Ave | sd Lr‘;‘-m gg‘ég L og(fraction)
0 0.000 | #NUM! | -0.346 | 0001 | 2001 ANUM!
05 0707 | -0.30L | 0509 | 0088 | 1.998 2293
1 1000 | 0.000 | 0526 | 0077 | 1.998 2279
15 1225 | 0176 | 1179 | 0142 | 199 -1.928
2 1414 | 0301 | 1769 | 0260 | 1992 1752
25 1581 | 0398 | 17.233 | 0305 | 1918 -0.764
3 1732 | 0477 | 27.205 | 0229 | 1862 -0.565
35 1871 | 0544 | 35654 | 0327 | 1.809 20448
4 2000 | 0602 | 42627 | 0311 | 1.759 -0.370
45 2121 | 0653 | 47.897 | 0861 | 1.717 20320
5 2236 | 0699 | 52.778 | 0894 | 1674 0278
6 2449 | 0778 | 62119 | 1180 | 1578 20.20