











matches with the pH of tear fluid i.e. 7.4. The drug content of all formulations was found to be
in the range of 99.15 to 100.05 %. The minimum intra batch variations revealed the suitability
of the process used to prepare the ocular insert. Formulation T, showed least moisture
absorption and formulation T; exhibited highest moisture absorption. This may be due to
more concentration of HPMC 15 CPS and least hindrance provided by less amount of
Eudragit RSPO. In formulation T less concentration of HPMC 15 CPS and more proportion
of Eudragit RSPO which provide more hindrance to entry of water molecule inside the
formulation. Moisture loss for all formulation was in the range of 0.90 to 5.01 %. The result
revealed that as concentration of HPMC increases and pay load of Eudragit RSPO decreases,

moisture loss from formulation increases.

Table 2. Physicochemical evaluation of oéular insert

Formulation Weight** | Thickness** Drug " Surface Moisture Moisture
content .

Code (mg) (mm) %) pH* absorption* loss*
T, 9.25+0.45 | 0.143+0.01 | 99.57+0.25 7.2 1.58+0.10 1.84+0.11
T, 11.85+0.50 | 0.146+0.05 | 99.40+0.28 7.4 3.49+0.15 3.5+0.12
T, 12.2540.46 | 0.172+0.03 | 99.15+0.35 7.2 5.75+0.17 | 6.0540.14
T, 13.45+0.35 | 0.227+0.05 | 99.89+0.40 7.2 1.15+0.12 | 1.09+0.09
Ts 15.75+0.25 | 0.256+0.02 | 100.0+0.26 7.4 2.84+0.15 3.1+0.15
Ts 18.05+0.51 | 0.2940.01 | 99.55+0.30 7.4 4.91+0.13 | 5.01+0.10
T, 17.59+0.40 | 0.26+0.03 | 100.05+0.45 7.4 0.75+£0.16 | 0.9+0.08
Ts 19.54+0.54 | 0.253+0.01 | 99.67+0.34 7.4 1.85+0.11 | 2.15+0.14
Ty 21.05+0.25 | 0.335+0.01 | 100.03+0.48 7.2 4.05+0.10 | 3.9+0.15

Mean + SD (**n=10, *n=3)

Effect of formulation variable on DRL 12 (Full and reduced model for DRL 12)

The quadratic model for DRL 12 was found to be significant (Table 4). F value for DRL 12
was found 316.71 which denotes that model is significant and there is only 0.01 % chance that
a “model F value’’ large could occur due to noise. The pred-R-square of 0.9748 is in
reasonable agreement with adj-R-square of 0.9875. The variance inflation factor was 1 which
showed good estimation of coefficient. Adequate precision ratio was found to be 46.30
indicates an adequate signal. This ratio greater than 4 is desirable hence it was concluded that
this model can be used to navigate the design space. The polynomial equation for DRL 12
obtained was as follow.

DRL 12 = 51.658 — 5.53X1 — 13.77X2 — 0.593X11 — 1.028X22 + 1.067X12

The p value for variable X11, X22 and X12 was more than 0.05 hence they were omitted from
above polynomial equation and equation was reduced to as follow (Table 4). '

DRL 12 = 51.658 — 5.53X1 — 13.77X2

The above equation depict that both variable X1 and X2 exert significant effect on DRL 12.-
Negative sign for both the variable confirm that these two variable have decreasing effect on
response Y1 i.e. DRL 12. Out of these two variables pay load of Eudragit RSPO exhibit
significant effect on DRL 12. Drug released at 12 h from formulation T3, T and Ty was found
to be 56.81, 45.14 and 32.58 respectively (Table 3). Formulation Ty consist highest proportion
of Eudragit RSPO among these three formulations. This outcome may be attributed due to
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low permeability nature of Eudragit RSPO which provides maximum hindrance to entry of
water molecule inside the formulation.

Effect of formulation variable on DRL 18 (Full and reduced model for DRL 18) /

The quadratic model for DRL 18 was found to be significant (Table 4). Model F value for
DRL 18 was found 67.61 which denotes that model is significant and there is only 0.01 %
chance that a “model F value’’ large could occur due to noise. The Pred-R-square of 0.8936 is
in reasonable agreement with Adj-R-square of 0.9434. The variance inflation factor was 1
which showed good estimation of coefficient. Adequate precision ratio was found to be 21.92
indicates an adequate signal. This ratio greater than 4 is desirable hence it was concluded that
this model can be used to navigate the design space. The polynomial equation for DRL 18
obtained was as follow.

DRL 18 = 72.265 — 8.46X1 — 17.74X2 — 1.12X11 — 4.59X22 + 2.52X12

The p value for variable X11, X22 and X12 was more than 0.05 hence they were omitted from
above polynomial equation and equation was reduced to as follow (Table 4).

DRL 18 = 72.265 — 8.46X1 — 17.74X2

Above equation revealed that both variables X1 and X2 exhibit significant effect on DRL 18.
It was evident from equation that both variables provide negative effect on response i.e DRL
18. Out of two variables second variable X2(pay load of Eudragit RSPO) play an effective
role in decreasing of drug release from the formulations. A relationship was found between
the polymer (type and concentration) and the rate of release. Formulation T, T2, T3 showed
99.76, 88.73, and 74.50 % of drug release (Table 3). In these pay load of Eudragit RSPO was
same but concentration of HPMC 15 CPS was varied and it gives effect on cumulative % of
drug release. Formulation T;, Ts and T9 showed 59.41, 52.89 and 44.23 % drug release (Table
3). Slow release from formulation Ty may be due to high pay load of Eudragit RSPO and
more concentration of HPMC 15 CPS.

Effect of formulation variable on T50 % (Full and reduced model for DRL T50 %)

The quadratic model for T50 % was found to be significant (Table 4). Model F value for T50
% was found 40.04 which denotes that model is significant and there is only 0.03 % chance
that a “model F value’’ large could occur due to noise. The Pred-R-square of 0.8198 is in
reasonable agreement with Adj-R-square of 0.9071. The variance inflation factor was 1 which
showed good estimation of coefficient. Adequate precision ratio was found to be 16.88
indicates an adequate signal. This ratio greater than 4 is desirable hence it was concluded that
this model can be used to navigate the design space. The polynomial equation for T50
%obtained was as follow. ’

T50 % = 11.59 — 2.10X1 — 4.40X2 — 0.161X11 — 1.57X22 + 1.00X12

The p value for variable X11, X22 and X12 was more than 0.05 hence they were omitted from
above polynomial equation and equation was reduced to as follow (Table 4).

T50 % = 11.59 + 2.10X1 + 4.40X2

From above equation it was evident that both variables X1 and X2 exhibit significant effect
on T50 %. It was revealed from equation that both variables provide positive effect on
response i.e T50 %. As concentration of HPMC 15 CPS and pay load of Eudragit RSPO
increases there was increase in time taken for 50 % drug released from formulations. Pay load
of Eudragit RSPO play a vital role in increasing the value of T50 %. Formulation T, Tg and
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T9 showed 14.63,17.01 and 21.39 h (Table 3). This may be due to higher proportion of
Eudragit RSPO in the formulation.

In vitro Release Study

The in vitro dissolution data were presented in Figure 6. The cumulative release of drug from
formulation T1 99.76 % in 18 h, Formulation T8 showed 100 % at the end of 22 h while
formulation T6 showed 95.24 % at the end of 24 h. Hence observation was carried out that as
concentration of HPMC and pay load of Eudragit RSPO increases, there was decrease in rate
of drug release. Formulations T, Ts'and T; showed 72.81 %, 69.25 % and 56.89 % at the end
of 24 h. This may be attributed due to low permeability of Eudragit RSPO and at higher
concentration HPMC may form viscous gel layer from this it will not allow to diffuse drug at
a faster rate. :

Release Kinetic

In vitro release data were fitted in to various kinetic models such as zero order, first order,
Higuchi and Korsmeyer Peppas model. The value of correlation coefficient showed in Table 5
confirms that correlation was observed in Zero order, Higuchi and Korsmeyer Peppas model
than first order model. Peppas model is very useful model to determine mechanism of drug
released from the formulation. The value of n=0.5 indicates Fickian diffusion mechanism, if
0.5<n <1, indicates anomaleous (non-fickian) mechanism and n=1 implies case II (relaxation
controlled) transport. In present study the value for n was found in the range of 0.84 to 1.05
which confirms that release mechanism followed anomalous (non-fickian) and case II
transport (relaxation controlled).

Optimization

Optimization was done by Design - Expert 8.0.5 trial version software by setting target for
dependent responses. The data for the in vitro release study were fitted in to Design Expert
software. It provides ideal composition of independent variable. As per this concentration of
HPMC 15 CPS (X1) should be 3.49 % w/v and pay load of Eudragit RSPO should be 342.73
mg (Table 7) which may showed 0.978 desirability (Figure 9). FTIR spectra (Figure 1 and 2)
and DSC spectra (Figure 3 and 4) of pure drug and medicated film ruled out possible
interaction between drug and excipients. Result from FTIR study observed that all the
important peaks of Timolol maleate remain unaltered in medicated film. DSC spectra of
Timolol maleate showed melting endotherm 205.75 which is equal to the melting point of
Timolol maleate shows good purity of drug used in the formulation and melting endotherm
remain unchanged in medicated film confirms the compatibility of excipients used in the
formulation process. The optimized formulation (T10) was prepared as per composition
suggested by the software and it was checked for its feasibility. The physicochemical
parameters of optimized formulation were optimum and data were presented in Table 7. The
in vitro release data were also fitted in various kinetic models. Results based on value of
correlation coefficient (r°) it follow Zero order, Higuchi and Korsmeyer Peppas models (Table
5). Drug release mechanism from formulation was case II transport. The optimized
formulation provides perfect zero order release and passes the temperature sensitivity
parameters shown in Table 9. Experimental and predicted values of responses were (Table 8)
match in close agreement for optimized formulation (Figure 7 and 8).
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Table 3. Different batches with their experimental coded level of variables and response

——

F . Variable level -
ormulation | ;1 o ded form | *DRL 12+ SD | *DRL 18 SD | *T 50 % + SD
code
X1 X2
T, -1 -1 69.51+0.89 99.76+1.01 7.3+0.11
T, 0 -1 65.71+1.89 88.73+£2.01 9.254+0.08
T; 1 -1 56.81+3.06 74.50+3.41 10.05+0.12
Ty -1 0 57.23+1.78 79.45+1.56 10.15+0.15
Ts 0 0 51.42+1.16 74.99+1.23 11.66+0.09
Te 1 0 45.14+2.05 69.10+3.25 13.29+0.11
T, -1 1 41.01+1.45 59.41+1.56 14.63+0.16
Ty 0 1 35.79+3.25 52.89+2.56 17.01+£0.14
Ty 1 1 32.58+2.59 44.23+3.09 21.39+0.14
Concentration of HPMC (%w/v), Pay load of Eudragit RSPO (mg) Mean + SD (*n=3)
Table 4. Response of full model and reduced model.
DRL 12 DRL 18 T50 %
Full Reduced model Full Reduced model Full Reduced model
model model model
Response X P X P X P X P X P X P
Coeff value Coeff value Coeff | value Coeff value Coeff | value | Coeff | value
X1 -5.536 | 0.0019 -5.536 0.0019 | -8.465 | 0.0081 | -8.465 | 0.0081 2.108 | 0.006 | 2.108 | 0.006
X2 13775 0.00012 | -13.775 | 0.00012 17.743 0.0009 17743 0.0009 4.405 | 0.0007 | 4.405 | 0.0007
X11 -0.593 0.566 - - -1.128 | 0.662 - - 0.161 0.781 - -
X22 -1.028 0.346 - - -4.593 | 0.143 - - 1.571 0.060 - -
X12 1.067 0.200 - - 2.52 0.224 - - 1.002 | 0.076 - -
Intercept 51.658 | 1.47E 51.658 - 75.265 | 7.69E | 75.265 - 11.592 | 0.0002 - -
Model F 316.71 67.61 40.04
value
Level of Significant Significant Significant
significance
VIF 1 1 1
Regression statistics
Multiple R R Square Adjusted R Square Adequate Precision
DRL 12 0.9980 0.9961 0.9897 46.36
DRL 18 0.9932 0.9864 0.9639 21.925
T50 % 0.9944 0.9889 0.9704 16.881
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Table 5. Kinetic analysis of ocular insert

Formulation Zero order First order Higuchi K(I))rsmeyer Type of release
code ) 5 -~ °ppas mechanism
T r T n

T, 0.996 0.863 0.979 0.997 | 0.90 | Anomaleous
T, 0.998 0.847 0.975 0.997 | 1.001 Case 11
T, 0.990 0.803 0.987 0.995 1.03 Case II

- T, 0.997 0.835 0.975 0.995 1.05 Case I
Ts 0.994 ~0.850 0.957 0.995 | 1.007 Case 11
T 0.987 0.812 0.991 0.995 | 0.921 Anomaleous
T, 0.995 0.823 0.983 0.995 | 0.959 Anomaleous
Ty 0.987 0.814 0.991 0.996 | 0.922 Anomaleous
Ty 0.997 0.860 0.961 0.993 | 1.004 Case II

T10 0.998 0.847 0.972 0.999 1.01 Case II
T10 was optimized formulation, n-release exponent, r* — correlation coefficient
Table 6. Goals for optimization of formulation

Name Goal Lower limit | Upper limit
Concentraion of HPMC 15 CPS X1 (% wiv) In range 1 6
Pay load of Eudragit RSPO X2 (mg) In range 100 600
DRL 12 (Y1) % 51 50 55
DRL 18 (Y2) % 72 70 75
T50 % (Y3)h 12 11 13

Table 7. Suggested formulation and physicochemical parameters of optimized formulation

Formulation ) )
X1 X2 Weight** | Thickness** | Drug content* | Surface II)VI ms?ue* Mlo 1st;1re
(mg) (mm) %) pH* absorption 0ss
(%) (%)
15.70+0.1 ,
3.49 347.07 s 0.251+0.01 100.01 7.4 2.7840.10 2.89+0.13

X1- % of HPMC 15 CPS, X2- Pay load of Eudragit RSPO, mean +SD(**n=10, *n=3)

Table 8. Observed value and predicted value for optimized formulation

Responses *Predicted | *Observed
DRL 12 (Y1) % 51.00 51.50+0.65
DRL 18 (Y2) % 72.001 73.08+0.58

T50 % (Y3) h 12.61 11.67+0.04

Mean + SD (*n=3)
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Table 9. Temperature sensitivity study

Time 4°C 25°C 37°C
(Days) PA| %*DC | SRT [ PA| %*DC | SRT | PA| %*DC | SRT
0 + [99.50+0.12 | + 1 99.48+0.13 | + ]99.80£0.07 |
30 + [99.12¢0.11 | + 19959009 [ + [99.670.10 |
60 + [99.15+0.08 [ + 19935+0.10. + [99.17x0.11 |
90 + [99.25+0.10 ] + 19930+0.07 | + [99.05+0.15 |

T

RiCele]

PA- Physical Appearance (+ indicates good), DC- Drug Content, SRT- Sterility Test (Y indicates passes the test)

. G Shratabibog

PL S r e hebEng

s e

'
i

Do Stratehing

H

T
2000

Figure 2. FTIR spectra of optimized ocular insert of Timolol maleate.
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Figure 3. DSC spectra of Timolol maleate
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Figure 4. DSC spectra of optimized ocular insert
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Figure 6. In vitro release study of prepared ocular insert and optimized formulation.
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Conclusion

The application of factorial design gave statistically systemic approach for formulation of
ocular insert with desired in vitro drug release. Concentration of HPMC 15 CPS and pay load
of Eudragit RSPO significantly influence on selected response. Hydrophilic carrier like
HPMC 15 CPS and lipophilic carriers like Eudragit RSPO, Eudragit RLPO were useful in
formulation of reservoir type of ocular insert. Further studies are needed to confirm its
performance in vivo.
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