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Seven coefficients (b; to by) were calculated representing by as the intercept, and b; to b, various
quadratic and interaction terms. _ :

Mathematical relationships generated using MLRA for the studied response variables are
expressed as equations.

Mucoadhesive strength = 17 .59-!-3.9OX1+2.0()X2+(,).05X1X2—3.23X12+0.()6X22 2)
Qg = 62.54-3.75X,-7.53X,-1.43X,X,-0.09X,%-0.04X,* B

Qs = 90.72-2.35X,-5X,+1.42X,X,-0.72X,*-0.57X,* 4)
Where, Qg = Release after 8 h; Q5 = Release after 18 h.

The polynomial equations comprise the coefficients for intercept, first-order main -effects,
interaction terms, and higher order effects. The sign and magnitude of the main effects signify
the relative influence of each factor on the response. The values obtained for main effects of
each factor in equations 2, 3 and 4 reveal that chitosan-652, individually, has rather more
pronounced effect on the values of force of detachment,Qg and Qs respectively.

Fig. 3a to Sa portray the 3-dimensional response surface plots, while Fig. 3b to 5b are the
corresponding contour plots for the studied response properties viz, mucoadhesive strength,
percentage of drug release after 8hrs (Qsg), and percentage of drug release after 18hrs (Q,z). Fig.
3a shows a nearly linear ascending pattern for the values of bioadhesive strength, as the content
of either polymer is increased, the effect being much more prominent with chitosan-652 than
with HPMC K100MCR. Maximum bioadhesive strength is observable at the highest levels of
polymers, viz., chitosan-652 and HPMC K100MCR. Nearly vertical contour lines (Fig. 3b)
corroborate the markedly significant influence of chitosan-652 on mucoadhesive strength.
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Figure 3. a) Response surface plot showing the influence of chitosan-652 and HPMC K100MCR on the
value of mucoadhesive strength of mucoadhesive tablet formulations of atenolol, b) the corresponding
contour plot.

Fig. 4a and 4b reveal a sharp decline in the value of Qg with an increase in the amount of each of
the polymers, i.e., chitosan-652 and HPMC K100MCR, the influence of chitosan-652 being
much more pronounced. Fig. 4a and 4b reveal a sharp decline in the value of Qg with an increase
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in the amount of each of the polymers, i.e., chitosan-652 and HPMC K100MCR, the influence of
chitosan-652 being much more pronounced.

Fig. 5a and 5b also exhibit that Qg vary in a nonlinear manner, but in a descending pattern with
an increase in the amount of each polymer. Except at high level of chitosan-652, this declining.
~ trend was observed until intermediate levels of HPMC K100MCR, after which a near plateau

was discernible (i.e., the drug release values did not decrease appreciably). The contour plot
(Fig. 5b) shows that HPMC K100MCR has a comparatively greater influence on the response
variable than chitosan-652.
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Figure 4. ) Response surface plot showing the influence of chitosan-652 and HPMCK100MCR on the

value of Qg of mucoadhesive tablet formulations of atenolol, b) the corresponding contour plot.
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Figure 5. a) Response surface plot showing the influence of chitosan-652 and HPMCK100MCR on the
value of Q5 of mucoadhesive tablet formulations of atenolol, b) the corresponding contour plot.

Validation and selection optimization model

Upon comparison of the observed responses with those of the anticipated ones (Table 4), the
prediction error varied between —~1.60% and 1.51 %. Linear correlation plots drawn between the
predicted and observed responses after forcing the line through the origin, also demonstrated
high values of R? (0.886, 0.824 and 0.841 respectively for mucoadhesive strength, and Qys)
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indicating goodness of fit. Upon "trading off” various response variables, the following
maximizing criteria were adopted: Qg > 50%, Qs = 85% and mucoadhesive strength required is
maximum level. Upon comprehensive evaluation of feasibility search and subsequently -
exhaustive grid searches, the formulation composition with polymer levels of chitosan-652 (50
mg) and HPMC K100MCR (100 mg) fulfilled maximum requisites of an optimum formulation
because of better regulation of release rate aud higher mucoadhesive strength. |

* Table 4. Comparison of the experimental results with the predicted responses

Compesition
X, X, Response experiment | predicted | percentage

) variable value value error®
-0.15 1 Mucoadhesive Strength (g) 18.71 18.99 -1.47
Qg 55.7 55.73 -0.05

Qs i 84.4 85.77 -1.60

1 | 0.41 | Mucoadhesive Strength (g) 19.02 19.10 -0.42
Qs 55.08 55.01 _0.13

Qis 84.87 86.08 -1.41

1 0.4 | Mucoadhesive Strength (g) 19.27 19.08 1.00
Qs . 54.21 54.10 0.20

. Qus 85.6 86.12 -0.60

1 0.43 | Mucoadhesive Strength (g) 19.44 19.15 1.51
Qg 54.54 54.83 -0.53

Qg 84.84 86.00 -1.35

1 0.35 | Mucoadhesive Strength (g) 18.71 18.98 -1.42
Qs 55.86 55.55 0.56

Qis 86.57 86.32 0.29

1 0.46 | Mucoadhesive Strength (g) 19.48 19.21 1.41
Qs 53.84 54.56 -1.32

Qs 84.84 85.88 -1.21

The formulation F showed Qg as 53.28%, Qis as 86.48%, and mucoadhesive strength as 20 g.
The said formulation, however, released the drug completely (i.e, 99.6% drug in 24 h). Ultimate
composition of atenolol mucoadhesive tablet was given in Table 5.

Table 5. Composition of optimized formulation of atenolol mucoadhesive tablet

Ingredient Amount Amount
(mg/tablet) (%/tablet)

Atenolol 50 20
Chitosan-652 50 20
HPMC K100 MCR 100 40
SLS 5.0 2
PVPK-30 (2% in isopropy! alcohol) 12.5 5
Dibasic calcium phosphate 27.5 . 11
Talc 25 1
Magnesium stearate 2.5 1

1 Total weight 250 100
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Conclusion

In the present investigation, an attempt was made to development and optimization of a once-a-
day formulation of atenolol hydrophilic matrix tablet with high regulation of the release rate and
bioadhesive strength. For the formulation of the oral mucoadhesive tablet, chitosan-652 and
HPMC KI100MCR and their combinations were used in varying concentrations. High
mucoadhesive strength of the formulation is likely to increase its gastrointestinal residence time,
and improve the extent of bioavailability. Suitable balancing between the levels of two polymers
(chitosan-652 and HPMC K100MCR) is significant in terms of control in drug release and
adequate bioadhesion. The study successfully undertook the development of an optimized
formulation of atenolol with excellent bioadhesive and controlled release characteristics using
CCD. '
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