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Statistical Evaluation of Influence of Polymers Concentration on Disintegration Time
and Diazepam Release from Quick Disintegrating Rapid Release Tablet
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This study describes the formulation of rapidly disintegrating, fast dissolving diazepam tablets intended for use in
the oral cavity. The tablets were prepared by the conventional wet granulation method using solid dispersion of the drug
with PEG-4000 and/or PEG-6000. A 32 factorial design was used to reduce the number of experimental runs and to ob-
tain several formulations by which tablets disintegrated within 3 min and released 85% of the drug in less than 30 min.
Several tablet formulations prepared with different amounts of PEGs in solid dispersion met the above two criteria.
However, tablets which were prepared with PEG-4000 alone at the lowest concentration disintegrated in the shortest
time (32.12 sec) and released 85% of the drug most rapidly (11.03 min).
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INTRODUCTION

The search for alternative routes of drug delivery
has led to exploration of various mucosae as possible
routes of drug delivery for systemic action. Since the
invention of nitroglycerin sublingual tablets, interest
has been generated in academia and pharmaceutical
industries to use the oral mucosal route as a substitute
delivery approach. The highly vascularized nature
and rich blood supply in oral mucosa? provide faster
onset of action of drugs.? Moreover several con-
straints such as difficulty in swallowing experienced
by many paediatrics and geriatrics,® and in chewing
by edentulous;¥ nausea and vomiting experienced
with certain drugs when released in stomach;> degra-
dation and metabolism of susceptible drugs in gastro-
intestinal tract;® tissue necrosis and irritation from
repeated administration of parenterals,” high ex-
penses due to sterile manufacturing® are avoided
through oromucosal delivery of drugs. As a result, at-
tention is being given to developing rapidly disin-
tegrating, fast dissolving oral tablet dosage forms of
drugs.

After release from such tablets, the drug dissolves
in saliva and then partitions into the oral mucous
membrane. Thus permeability of a drug through the
membrane depends on the amount and rate of drug
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released from the tablet and the drug’s solubility in
the saliva. Therefore, two principal criteria appear to
be important for developing rapidly disintegrating
and fast dissolving tablets: 1) disintegration of
preferably <3 min® and 2) rapid drug dissolution:
time required for 85% dissolution (tgss,) of less than
30 min.!® Valuable research reports for formulation
of rapidly disintegrating tablets are available;!? also,
various technologies for improving dissolution
property of poorly water soluble drugs have been
documented to enhance bioavailability following oral
absorption.!? Solid dispersion with polyethylene
glycols (PEGs) is one of the methods for increasing
solubility and hence the rate of dissolution of poorly
water soluble drugs.!®!¥ However, compression of
such solid dispersions into tablet dosage form tends to
protract the disintegration time of the tablet.!® It is
therefore necessary to optimize the amount of PEGs
which can provide rapid dissolution of a drug without
prolonging the disintegration time of the tablet. Such
optimization requires a large number of experimental
trials.

The objective of the present work was to develop a
rapidly disintegrating, fast dissolving tablet of diaze-
pam using a small number of experimental runs. Use
of a 32 factorial design was attempted to generate an
optimized region in the superimposed contour plot
where any combination of PEGs could provide rapid
disintegration (DT< 3 min) of the tablets and rapid
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dissolution (tgso,<<30 min) of the drug contained
therein. Diazepam, which is included in the ‘WHO
Essential Drug List’ is indicated for convulsion/
epileptic seizure, anxiety and sleep disorder and
preoperative medication.'®!® Intravenous therapy
with diazepam requires great care and caution to a-
void thrombophlebitis and irritation.2” Absorption
from the intramuscular route is poor and erratic,2V
although absorbed well following oral administra-
tion, the time to reach peak plasma concentration is 1
—2 h.22 Delay in treatment beyond 30 min in epileptic
seizure may cause serious damage to the patient.! If
diazepam is formulated in a rapidly disintegrating,
fast dissolving tablet dosage form, it could enable a
patient for self medicate even without the aid of water
in a situation where onset of convulsion is apprehend-
ed.

MATERIALS

Diazepam (East India Pharmaceutical Works,
Ltd., Kolkata, India), Croscarmellose sodium (Ac-
disol), maize starch, saccharin-Na [Dey’s Medical
Stores (Mfg.) Ltd., Kolkata], microcrystalline cellu-
lose (Avicel, PH-102) [Dr. Reddy’s Laboratory,
Hyderabad, India] were obtained as gift samples.
Polyethylene glycol-6000 (Qualigen, Mumbai, India),
polyethylene glycol-4000 (Merck, Limited, Mumbai) ,
lactose monohydrate (Merck, India), magnesium
stearate and all other ingredients were obtained com-
mercially and used as received.

METHODS

Phase Solubility Study
of diazepam were performed by adding excess
amount of drug to 10 ml of double distilled water
containing a fixed amount of carrier (10%w/v) or

Solubility measurements

carrier mixture (5% +5%) in stoppered conical
flasks. Phase solubility studies were carried out by
adding excess amounts of drug to 10 ml of aqueous
solution containing increasing amounts of each carri-
er (0-10%), in stoppered conical flasks. In both
series of experiments, the flasks were shaken at 50
revolutions per min in a shaking incubator (Model
KMC 8480 SL, Vision Scientific Company, Ltd.,
Seoul, South Korea) at 3740.5°C until equilibrium
(about 90 h) was reached. The resulting mixtures
were filtered and aliquots, following suitable dilu-
tions, were analyzed using a spectrophotometer
(Genesyis, 10 UV, Thermo Electron Corporation,

Wisconsin, USA) at 230 nm to determine solubilities
of diazepam in different media. Each experiment was
performed three times (coefficient of variation [CV]
<2%).

Preparation of Solid Dispersion Diazepam
solid dispersions of both binary and ternary systems
were prepared by conventional fusion method using
PEG-4000 and/or PEG-6000 as carrier. In the binary
system, the solid dispersions of 1 :2.5and 1 : 5 wt/
wt of drug to carrier were prepared. In the ternary
system, the solid dispersionsof 1 : 2.5 :2.5,1:2.5:
5and 1:5:5wt/wt of drug to carrier were pre-
pared. Accurately weighed amounts of diazepam and
carriers in different ratios were heated at 134°C in an
oil bath with continuous stirring until a homogeneous
melt was obtained and then cooled to room tempera-
ture and dried in vacuum desiccators over fused
Cacl, for 72 h. After complete dryness, the diazepam
solid dispersions were pulverized with mortar-pestle
and sieved through a British Standard sieve No. 44.
The solid dispersions were stored at room tempera-
ture in hermetically sealed glass containers until use.

Preparation of Tablets by Wet Granulation The
raw materials were passed through a No. 44 screen
prior to mixing. Diazepam (as such or in solid disper-
sion), microcrystalline cellulose, lactose, and an in-
tragranular fraction of croscarmellose sodium was
mixed. Starch paste was added to the mixture to wet
the mass. The wet mass was then passed through a
No. 18 screen and the resulting granulation was dried
in a hot air oven at 40°C for 2 h. The dried granules
were passed through a No. 22 screen, mixed with ex-
tragranular fraction of croscarmellose sodium and
lubricated with magnesium stearate. The final powder
blend was then compressed into tablets using concave
punches (approx. 9.5 mm diameter) in a 10 station
mini press tablet machine (RIMEK, Karnavati En-
gineering, Ltd; Gujrat, India). The compression
force was kept constant for all formulations to
eliminate its effect on dissolution.

Disintegration Test Disintegration time of
tablets was measured using a modified disintegration
test method.?» Water (10 ml) was placed in a Petri
dish and a tablet was carefully placed in the centre
and agitated mildly. Time required for complete dis-
integration of the tablet into fine particles was noted.

Dissolution Test In vitro release of diazepam
from the tablets was studied in a USP phosphate
buffer solution (500 ml, pH 5.8) at 37+0.5°C and 50
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rpm using USP II dissolution test apparatus (model
TDP-06P, Electrolab, Mumbai). Aliquots (10 ml)
were removed from the dissolution medium at speci-
fied time intervals and replenished immediately with
the same volume of fresh medium, following suitable
dilution, aliquots, were analyzed spectrophotometri-
cally at 230 nm.

Factorial Design/Statistical Design A 3% full
factorial design was constructed to determine the
effect of the amounts of PEG-4000 (X;) and amount
of PEG-6000 (X,) on the DT and tgso. Each factor
was tested at three levels designated as —1, 0 and +1.
The levels of the two factors were selected on the basis
of preliminary experiments carried out before con-
structing the factorial design. All other formulations
and manufacturing variables were kept constant
throughout the study. The software Statgraphics Plus
3.0® was used for generating the experimental design,
modeling the response surface and calculating the
statistical evaluation.

RESULTS AND DISCUSSION

Rapidly disintegrating fast dissolving tablets of dia-
zepam were prepared using either diazepam or solid
dispersion of diazepam with various amounts of
PEG-4000 and/or PEG-6000 (Table 1) by wet granu-
lation method. The physical characteristics of the
tablets were as follows: hardness (measured using a
Monsanto hardness tester), 2 Kg/cm?2; friability (de-
termined using a friabilator, Veego, Mumbai), 0.08—
0.35%; and potency (determined following the
method of Indian Pharmacopoeia, 1996), 4.98 +0.08
mg. Formulation of rapidly disintegrating fast dis-
solving tablets is based on two principal criteria: the
tablets should disintegrate in less than 3 min and 85%
of the drug should dissolve in less than 30 min.
Although solid dispersion with PEG increases the
solubility and hence the rate of dissolution of water
insoluble drugs, it also protracts the disintegration
time of a tablet.

To optimize the ratios of PEGs in solid dispersion
that can provide rapid disintegration of tablets with
rapid dissolution of the drug contained therein, 9 for-
mulations were prepared according to the 32 factorial
design (Table 2). The design provided an empirical
second order polynomial model. Regression poly-
nomials for the individual dependent variables (DT
and tgs5,) were calculated and applied to approximate
the surface responses and contour plots.

Table 1. Composition of Diazepam Tablets (300 mg)

Ingredient Quantity (mg)
Diazepam Smg
PEG-4000 0 to 25 mg
PEG-6000 0to 25 mg
Avicel, PH-102 126 mg
Starch 10 mg
Crosscarmellose Na 15 mg
Magnesium stearate 1 mg
Lactose Quantity sufficient to 300 mg

Table 2. Composition and Responses for a 32 Factorial De-
sign

Variable i
DT (s) tgse (min)
3 )
Batch Levels Mean+S.D., | Mean+S.D.,
Code -3 —3
Xl XZ n= n=
M1 —1 —1 18.82+2.12 128.24+3.1
M2 —1 0 33.54+2.32 17.87£2.85
M3 —1 +1 92.54+0.62 17.06+1.09
M4 0 —1 32.12+2.41 11.03£1.37
MS5 0 0 96.58+0.58 14.51+0.64
M6 0 +1 191.23+0.85 14.71£0.25
M7 +1 —1 91.90+1.12 12.73+2.69
M8 +1 0 195.57+0.96 16.04+1.62
M9 +1 +1 250.42+5.10 15.66+0.90
* Translation of coded levels in actual units
Coded level —1 0 1
X;: PEG-4000 (mg) 0 12.5 25
X,: PEG-6000 (mg) 0 12.5 25

The general model (Equation 1) was generated to
fit the various data.
Y=b,+b;X;+b,X,+b,X;X,+by; X3+ by X3
(1)
where Y=Dependent variable (DT or tgso) .
X;=Amount of PEG-4000
X,=Amount of PEG-6000
bg, by, by, by, by and by, represent regression
coefficients of the independent variable (X, X,). The
main effects (X; and X,) represent the average result
of changing one factor at a time from its low to high
value. The interaction term (X; and X,) shows the
changes in response when two factors are simultane-
ously changed. The polynomial terms (X} and X3)
are included to investigate nonlinearity.
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Disintegration time of 9 formulations prepared ac-
cording to the factorial design were measured and put
in Equation 1, and a full model polynomial equations
(Equation 2) was generated by carrying out multiple
linear regression to quantitatively explain the effect of
independent variable (amount of PEG) on DT.

DT=103.791+65.4983X, +65.225X,+7.155X3
+4.275X3+21.2008X, X, )
The results of multiple linear regression analysis and
analysis of variance (ANOVA) are represented in
Table 3. Since the significance level of the coefficients
b;; and b,, was greater than p=0.05, they were omit-
ted from the full model and a reduced model (Equa-
tion 3) was generated.
DT=111.411+65.4983X,+65.225X,
+21.2008X,X, (3)

The positive sign of b;, b, and b, indicate that in-
crease in the concentration of either PEG-4000 or
PEG-6000 or both will increase the DT of a tablet.
Table 2 shows that DT of tablets prepared with 12.5
mg of PEG-4000 is higher than that of the tablets pre-
pared without PEG-4000. Increase in the amount of
PEG-4000 from 12.5 mg to 25 mg further increased
the disintegration time. Similar results were obtained
with the tablets prepared with PEG-6000. Although

the DT of tablets prepared with PEG-6000 appeared
to be marginally higher than that of those prepared
with PEG-4000, no significant difference at 95% con-
fidence level was noted as observed by Student’s -
test. However, use of PEG-4000 and PEG-6000 in
combination in different ratios protracted the DT of
the tablets considerably.

Increased disintegration time of the tablets pre-
pared from solid dispersions is related to the soft and
waxy nature of PEG-4000 and PEG-6000. Such carri-
ers essentially act as a strong binder. During compres-
sion, the carriers could plasticize, soften or melt, fill-
ing the pores within tablets and subsequently increas-
ing the DT of the tablet.!® tgso, of 9 formulations pre-
pared according to the factorial design were measured
and put in Equation 1 to generate a full model poly-
nomial equation (Equation 4) which can explain
quantitatively the effect of independent variable
(amount of PEG) on tgsy.

tosy =2.02—19.7917X, — 17.43X,+21.1817X3
+17.0967X3+28.5283X,X, 4)

The results of multiple linear regression analysis
and analysis of variance (ANOVA) are represented
in Table 3. Since all the coefficients were significant at
p<0.05, they were retained in the full model. The

Table 3. Summary of Results of Regression Analysis and ANOVA for Measured Response™

Response [DT] b b, b, by by by
FM 103.791 65.4983 65.225 7.155 21.2008 4.275
p value — 0 0 0.2424 0.001 0.4802
RD 111.411 65.4983 65.225 — 21.2008 —
p value — 0 0 — 0 —
DF SS MS F R?
Regression FM 5 159609.0 31921.7 150.37 0.9728
RD 3 159192.0 53063.9 250.36 0.9702
Error FM 21 4457.98 212.285 — —
RD 23 4874.8 211.948
Response [tgss] by b, b, b b, ba,
FM 2.02 —19.791 —17.43 21.1817 28.5283 17.096
p value — 0.0003 0.0009 0.0130 0 0.0398
DF SS MS F R2
Regression FM 5 26731.4 5346.28 14.65 0.7771
Error FM 21 7665.27 365.013 — —

* FM indicates full model; RM, reduced model; p value, the significance level; DF, degrees of freedom; SS, sum of

squares; F, Fischers’s ratio; R2, regression coefficient.
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negative sign of the coefficients b; and b, indicates
that increase in the amount of PEG, when used alone,
will decrease tgso,. Table 2 shows that incorporation
of 12.5 mg of either PEG-4000 or PEG-6000 drasti-
cally reduced tgso, when compared with that from the
tablets prepared without solid dispersion. Similar ob-
servation in tgso, was noted with the tablets prepared
with 25 mg of either PEG-4000 or PEG-6000. Im-
proved dissolution of a drug from a solid dispersion
has been ascribed to several factors like amorphiza-
tion of drug, increased wettability, reduced aggrega-
tion and/or agglomeration, increased effective sur-
face area and solubilization of drug in the carrier
system.?” It was further noted that decrease in tgso
from the tablets prepared using 12.5 mg PEG-4000
was significantly greater (p<{0.05) than that from the
tablets prepared with the same amount of PEG-6000.
Similarly decrease in tgso, from the tablets prepared
with 25 mg of PEG-4000 was significantly greater (p
<0.1) than that from the tablets prepared using the
same amount of PEG-6000.

A phase solubility study revealed that aqueous
solubility of diazepam increased linearly as the con-
centration of PEG-4000 and PEG-6000 was increased
from 2% to 10%: at 10% concentration, aqueous
solubility of the drug increased by 2.33 and 2.27 time,
respectively, as compared to the aqueous solubility
(57.65 mg/1) of pure diazepam at 37°C. The physico-
chemical state of solid dispersion, studied using DSC,
X ray diffraction and FT-IR, indicated absence of for-
mation of solid solution and complexes.

Instead, a partial transformation of crystalline
drug to the amorphous state was noted. Partial amor-
phization together with improved wetting and
solubilization of drug by the carrier could be respon-
sible for the improved solubility and consequent dis-
solution of the drug. Since increase in solubility of the
drug by PEG-4000 was higher than that by PEG-
6000, value of tgs, from the tablets prepared using
solid dispersion with the former was less than from
those prepared using the latter. Also, during the dis-
solution process, the interfacial layer between the dis-
solving front and the dissolution bulk medium
becomes rich in carrier as the drug dissolves more
rapidly. This leads to the creation of a carrier rich sur-
face layer which acts as another barrier for the drug
to diffuse prior to release into the bulk phase. If the
molecular weight of the polymer is higher, the diffu-
sion coefficient of the drug will be less and rate of dis-
solution of the drug will decrease.?> Therefore, the
dissolution rate of diazepam from solid dispersions
with PEG-6000 was found to be relatively slower than
that with PEG-4000.

The contour plots of DT and tgso, Were superim-
posed to determine the optimized region (Fig. 1) wi-
thin which any formula can satisfy the two criteria of
a rapidly disintegrating, fast dissolving tablet. It was
clearly noted that formulae M1, M6, M8 and M9 were
outside the optimum region.

Although use of PEGs in combination restricted
the values of tgso, within about 14 to 16 min, the DT
protracted considerably bearing one formulation in
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Fig. 1.

Contour Plot Showing the Optimized Region



1074

Vol. 129 (2009)

which 12.5 mg of each of the PEGs were used. Thus,
out of the 9 formulations, 5 (M2, M3, M4, M5 and
M7) met the criteria of rapidly disintegrating, fast
dissolving tablet.

To assess the reliability of the statistical design and
the equations that describe the influence of the
amount of PEGs on DT and tgso, 6 formulations
were selected at random from the optimized region.
The predicted values and the experimental values are
shown in Table 4. The DT and tgso values of all 6
formulations satisfied the criteria of rapidly disin-
tegrating, fast dissolving tablet. The lower values of
percent relative error and the linearity (Fig. 2) be-
tween the predicted and observed responses further

confirmed the reliability of the method.
CONCLUSION

Rapidly disintegrating, fast dissolving tablets of di-
azepam can be prepared by the existing wet granula-
tion method using solid dispersion of the drug with
PEG-4000 and/or PEG-6000 instead of the drug in its
raw form. A suitable statistical approach can reduce
the number of experimental runs and provide several
formulation options with the desired disintegration
time of tablet and dissolution time of drug contained
therein. In the present study, it was revealed that
several combinations of PEG-4000 and PEG-6000 in
the solid dispersions can produce tablets that provide

Table 4. Comparison between Predicted and Experimental Values for the Test Formulations
Reponse Test Factor/level* Predicted Experimental % relative
X, X, value value error
DT 1 +0.2(15) —0.9 (1.25) 61.99 64.56 4.14
2 —0.2(10) —0.4 (7.5) 73.92 79.76 7.90
3 —0.6 (5) +0.5(18.75) 98.36 101.21 2.89
4 —0.8 (2.5) +0.6(20) 87.97 82.12 6.65
5 —0.33(8.375) +0.1(13.75) 95.62 94.62 1.05
6 —0.52(6) +0.5(18.75) 104.45 107.86 3.26
tsso 1 +0.2(15) —0.9 (1.25) 23.31 22.67 2.74
2 —0.2(10) —0.4 (7.5) 18.82 16.52 12.2
3 —0.6 (5) +0.5(18.75) 8.52 8.76 1.75
4 —0.8 (2.5) +0.6(20) 13.41 13.87 3.41
5 —0.33(8.375) +0.1(13.75) 8.34 8.76 4.98
6 —0.52(6) +0.5(18.75) 6.18 6.42 3.87

* X,: PEG 4000. X,: PEG 6000. Figures in parentheses indicate the actual amount in mg.
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Fig. 2.

Linear Correlation Graphs of the Experimentally Observed Responses with the Predicted Responses
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less than 3 min DT and less than 30 min tgss.

However, use of PEG-4000 alone in the lowest quan-

tity studies provided a faster tablet disintegration and
drug dissolution (32.12 s and 11.03 min) than the use
of PEG-6000 or combination of the two polyethylene
glycols. Such tablets could be used in emergency

treatment of anxiety disorder and epileptic seizure.
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