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APPENDICES 



Appendix A 

Calibration Curve 

The concentration versus absorbance of Diltiazem HCI in various medium at 

237 nm is presented in the Tables al-a9. The calibration curves of Diltiazem HCI 

and a linear relationship with the correlation of determination are illustrated in 

Figuns a2-al0. 

Table al. Absorbance of DTZ HCl in D.I. water determined at 237 nm. 

Table aZ. Absorbance of DTZ HCI in pH 1.2 hydrochloric buffer medium 
. . 

determined at 237 nm. 



Table a3. Absorbance of DTZ HC1 in pH 6.8 phosphate buffer medium 

determined at 237 nm. 

Table a4. Absorbance of DTZ HCI in 0.8 osmolal sodium chloride solution 

determined at 237 nm. 

Table as. Absorbance of DTZ HCl in 1.0 osmolal sodium chloride solution 

determined at 237 nm. 



Table a6. Absorbance of Diltiazern HCI in 1.2 osmolal sodium chloride 

solution determined at 237 mn. 

-. 

Table a7. Absorbance of Diltiazcm HCl in 0.8 osmolal sodium sulpbate 

solution detmnincd at 237 nrn. 

Table a8. Absorbance of Diltiazem HCI in 1.0 osmolal sodium sulphate 

solution determined at 237 nrn. 



Table a9. Absorbance of Diltiazem HC1 in 1.2 osmolal sodium sulphate 

solution determined at 237 nrn. 

+ @  . @ @ A  
El  M 

200  - 0  2 8 . 0 < N N / D I U . )  3 0 8 . 6  

Figure al. The W spectrum of DTZ HCI in water. 



Flgure a2. Calibration c w e  of  DTZ HCl in water at 237 nm. 

DTZ H a  WncentraUon (mcglml) 

Figure a3. Calibration curve of DTZ HCI i : ~  pH 1.2 phosphate buffer 

medium at 237 nm. 



Figure a4. Calibration curve of  DTZ HCI in pH6.8 phosphate buffer 

medium at 237 nm. 

Figure as. Calibration curve of  DTZ HCI in 0.8 osmolal sodium 

chloride solution at 237 nm. 



Figure a6. Calibration m a  of DTZ HCI in 1.0 omolal sodium 

chloride solution at 237 nm. 

Figure a7. Calibration curve of DTZ HCI in 1.2 osmolal sodium 

chloride solution at 237 nm. 



Figure as. Calibration curve o f  DTZ HCI in 0.8 osmolal sodum 

sulphate solution at 237 nrn. 

Figure a9. Calibration curve of DTZ HCI in 1.0 osmolal sodium 

sulphate solution at 237 nm. 



Figure 910. Calibration c w e  of DTZ HC1 in 1.2 osrnolal sodium 

sulphate solution at 237 nm. 



APPENDIX El 

Image Analysis 

Table B1. Data from image analyzer. 

1 DTZ90MG.Z.O%BIM)ER 1 
PERIMETER (mm) PERETMlN (nun) IFERET~IAX (mu) 



Table B1. (Cont.) 

1.4 

1.26 

1.1 

1.05 

0.95 

0.95 

1 

0.75 

0.75 

0.87 

1.16 

0.96 

0.8 

24 

25 

26 

4.13 

' 3.77 

3.39 





Table B1. (Cont.) 
I 

PERIMETER (mm) FERETMIN (mm) FERETMAX (mm) 

100 3.54 0.87 I 1 1.14 I 0.88 

AV. 3.548 0.873 I 0.983 I 1.152 0.861 



Table BI. (Cont.) 

0.85 

0.81 

1.21 

1.26 

1.02 

1.02 

0.97 

0.99 

r 
3 

4 .  

3.77 

3.82 



Table BI. (Cont.! 

0.82 

0.92 

t .11 

1.27 

0.91 

1.17 

0.8 

1.13 

- 
3 1 

32 

3.41 

' 4 



Table Bl. (Cont.) 

0.86 

0.9 1 

0.84 

0.8 1 

1.29 

1.26 

1.45 

1.14 

1.11 

1.15 

1.21 

0.92 

1.11 

1.11 

1.36 

0.81 

59 

. 60 

61 

62 

3.97 

. 4.05 

4.46 

3.42 



Table B1. (Cont.) 

87 3.39 0.81 I 0.96 1 1.13 1 0.85 

1 NO. I PERlMETER(mm) ( AREA(mm."Z) ( FERETMIN (mm) ~FERETMAX (mm) ( FERETRATIO ] 

AV. 

s.d. 

~ - - 

3.687 

0.320 

- - -- 

0.947 

0.166 

- - - - 

1.037 

0.099 

~ -~ - - ~ 

1.194 

0.104 

- -- 

0.869 

0.044 



Table BI. (Cont.) 

0.92 

0.92 

1.04 

0.94 

0.95 

0.86 

10 

11  

3.32 

2.93 

0.78 

0.61 



Table B1, (Cnnt.) 



Table 61. (Cont.) 
I 



Table Bl .  (Con!.) 
I 

- 

100 

AV. 

'rd. 

%CV 

DTZM)MC.OI%BINDER 

- 

3.3 

3.403 

0.256 

7.528 

NO. 

1 

2 

0.75 

0.814 

0.127 , 

15.585 

PERETMAX ( m 3  

i .04 

1.07 

RERETRATIO 

0.9 

0.91 

PERIMETER (mm) 

3.26 

3.39 

0.88 

0.964 

0.087 

8.994 

AREA(mm."l) 

0.75 

0.8 1 

1.08 

1.094 

0.08 1 

7.413 

FERETMIN (mm) 

0.94 

0.98 

0.82 

0.881 

O.OS1 

5.836 



Table 01. (Conl.) 

0.91 17 

18 I 3.24 0.75 1 0.96 

0.85 

1.03 I 0.93 

0.94 2.91 0.6 



Table B1. (Cont.) 

0.95 I 1.04 1 45 3.37' 0.79 



Table Bl. (Con(.) 

0.93 

0.94 

0.96 

73 

74 

75 

0.98 

0.94 

0.94 

1.06 

I 

0.98 

3.37 ' 

3.18 

3.15 

0.79 . 
0.72 

0.7 



PERIMETER (mm) FERETMIN (mm) QERETMAX (mm) 

Table B1. (Cont.) 

0.93 1 

0.020 

1.040 

0.051 

0.768 0.969 I 
0.076 0.050 

AV. 

rd. 

3.297 

0.161 



Table B1. (Cont.) 

L 7 

0.98 

0.96 

0.88 

0.86 

0.9 

0.9 

0.67 

0.62 

24 

25 

3.07 

2.95 



Table B1. (~ont.) 



Table BI. (Cont.) 

- - - -- - 

DTZ6OMC. 

NO. PERIMETER(mm) AREA(mm.*2) FERETMIN (mm) lFERETMAX (mq) 1 FEBETRATXO 
- 

100 3.3 

AV. 3.036 

0.94 

0.95 

0.96 

1.01 

1.01 

1.02 

0.75 

0.651 

0.95 

0.96 

0.98 

80 

81 

82 

0.93 

0.890 

3.22'. 

- 3.22 

3.28 

0.73 

0.73 

0.75 

- 

1.05 

0.960 

- - - 

0.88 

0.927 



Table B1. (Cont.) 

3 0.9 3.03' 0.96 0.66 0.94 



Table B1. (~ont.1 



Table BI. (Cont.) 



Table B1. (Cont.) 

'99 

NO. PERIMETER(mm) ARW(mm."2) FERETMIN (mm) FERETMAX (mm) FERETRATIO 

0.87 

0.92 

0.87 

0.94 

AV. 

ad. 

1.14 

1 

1 .05 

1 

lo0 1 3.14 I 0.69 0.92 1 0.92 1 3.44 

1 

0.92 

0.92 

0.94 

3.230 

0.180 

0.88 

0.69 

0.71 

0.72 

87 

88 

89 

. 9 0  

0.83 1.02 I 

3.57 

3.12 

323 

3.21 

0.732 

0.082 

1.08 0.94 

0.942 

0.053 1 0.059 1 0.029 

1.020 0.925 



Table BI. (Conl.) 

0.88 

0.95 
- 

0.9 

0.89 

0.88 

0.87 

0.78 

0.79 

0.79 

0.94 

0.77 

0.74 

0.71 

0.7 

0.82 

0.5 1 

0.44 

0.42 

0.42 

0.58 

10 

11 

12 

13 

14 

2.72 

' 2.51 

243 

2.44 

2.88 





Tnblc B1. (Cont.) 

66 2.46. 1 0.42 I 0.7 I 0.79 I 0.87 



. . 
Table Bl. (Cont.) , 



Table Bl. (~ont.) 

17 I 2.22 I 0.36 I 0.66 I o.n I 0.92 



Table B1. (Cont.) 

72 
- 

73 

74 - 
75 

2.3 

2.32 

2.25 

2.52 

0.37 

0.37 

0.36 

0.45 

0.68 

0.68 

0.66 

0.74 

0.75 

0.74 

0.71 

0.79 

0.9 

0.92 

0.92 

0.94 



Table B1. (Cont.) 
1 

100 

AV. 

rd. 

23 1 

2.38 

0.114 

0.38 

0.40 

0.038 

0.94 

0.924 

0.021 

I 

0.7 

0.70 

0.032 

0.74 

0.76 

0.038 



APPENDIX C 

Stress-Strain Cuwe and Mechanical Properties of EC Film 

Percent Strain 
Figure cl. Stress-strain curves of non-plasticized EC film. 

Percent Strain 

Figure cZ. Stress-strain curves of EC film plasticized with TEC 10 % on 

polymer weight. 



Percent Strain 

Figure c3. Stress-strain c w e s  of EC film plasticized with TEC 20 % on 

polymer weight. 

Percent Strain 

Figure c4. Stress-strain c w e s  of EC film plasticized with TEC 30 % on 

polymer weight. 



Percent Strain 

Figure c5. Stress-strain c w e s  of EC film plasticized with DEP 10 % on 
' 

polymer weight. 

Percent Strain 

Figure c6. Stress-strain c w e s  of EC film plasticized with DEP 20 %on 

polymer weight. 



Percent Strain 

Figure c7. Stress-strain curves of EC film plasticized with DEP 30 % on 

polymer weight. 

Percent Strain 

Figure c8. Stress-strain c w e s  of EC film plasticized with CO 10 % on 

polymer weight. 



Percent Strain 

Figure c9. Stress-strain curves of EC film plasticized with CO 20 % on 

polymer weight. 

Percent Strain 

Figure c10. Stress-strain curves of EC film plasticized with CO 30 % on 

polymer weight. 
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Table cl. Thichess of free films h r n  various formulations. 

Table c2. Ultimate tensile strength of free films from various formulations. 



Table c3. % elongation at break of free films from various formulations. 

Table c4. Young's modulus of free films from various formulations. 
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Table c.5. Toughness of free films from various formulations. 



APPENDIX D 

'.DRUG CONTENTS 

Table dl. Amount (mg) of drug content 

I 7.5%(TEC) 37.57 37.77 38.15 37.83 0.29 



Table d2. Percentage of drug content. 

DTZ60mg 

DTZ45rng 

DTZ30mg 

5%(DEP) 

S%(CO) 

?.5%(TEC) 

12Y4T'EC) 

uncoated 

uncoated 

7.5%(TEC) 

uncoated 

3%(TEC) 

7.5%(TEC) 

12%(TEC) 

93.09 

9 1.60 

89.25 

83.50 

90.45 

90.75 

83.50 

90.7 1 

88.15 

80.15 

70.56 

7.5%(TEC) I 84.21 

89.89 

83.92 

87.19 

86.23 

79.19 

71.84 

91.17 

90.96 

89.04 

85.20 

93.33 

83.57. 

92.03 

90.32 

88.61 - 
84.35 

92.05 

84.53 

92.10 

90.96 

89.97 

a4.35 

9 1.94 

0.96 

0.64 

0.33 

0.85 

1.44 

84.10 0.49 



APPENDIX E 

Drug Release from DTZ HCI pellets 

Table e2. Cunulative released of DTZ HCI coated pellets CP~' 
Tla * n u t  rd"u In* A*. S D  Y+Rrkrr A*. S D  

( H m )  

I I 1 3 I I 3 

Table el. Cumulative released of uncoated DTZ HCl pellets. 

CPI rrpracnD tor Dl2 HCI (90 mghhe) pel& anled with 5% whv of nbylccllul~w ud u u d  TEC 20% r pLrticim 

S D  . TInr s o  %n* 1% mydu) A". %adun(*)my4u) A,. 



Table e3, Cumulative released of DTZ HCI coated pellets CP2* 

cn m u  for DTZ HCI (90 ddorc) pew meed with 5% wlv  or &Y~+IIW md urcd DW 20% u pl~tisbcr. 

Table e4. Cumulative released of DTZ HCI coated pellets C P ~ '  

CP3 -u for DTZ HCI (90 mg/dorc) pUcD meed with 5% wlw of ahyldlulorc and Md CO 20% o pblichX 



CP4 v b  f a  D l 2  HCI (-he) ~ l * o  mld with 7.5% w l r  ofcchylaauloro ud uu4rrC 10% up-. 

Table e6. Cumulative released of DTZ HCl coated pellets C P ~ '  

CPS rrpsanr f a  Dl2 HCI (3(knp,Qls) pelkn ccdlal with 7.5% w l r  ofdvkhhm~ ud vrcd TEC 20% u p L u l b .  



Table eS. Cumulative released of DTZ HCl coated pellets C P ~ '  

* CP7 rr(rrscnfr faDTZ HCI (45mJdore) p l k u  coaud wiQ 7.5% wlw of n h y l a l l h  lrsd toed'lZC 10% u p*nicioa. 



Table e9. Cumulative reltased of DTZ HC1 coated pellets CPS' 

.- 

CP8 rcpreram for DTZ HCI (45mgldac)pcl*r, c a d  with 7.5% whv of nhylalhuk6c md d T E C  20% r p e .  

Table e10. Cumulative relcased of DTZ HCl coeted pellets C P ~ '  

CP9 rqmsmu fw D n  HCI (45mg/dose) psUm c x t d  with 7.5% wAw of&ylocllulore md usedTEC30Wa p*rtid8. 



'Isable e12. Cumulative released of DTZ HCl coated pellets ~ ~ 1 1 '  



Table e13. Cumulative released of DTZ HCI coated pellets ~ ~ 1 2 '  

CP12 lepaam fa DTZ HCI (6Cmr,dou) plln, d with 7.5% WAV ofabykllulae md urrd TEC 3% 8s w. 

Table e14. Cu~nulative released of DTZ MCI coated ~ellets ~ ~ 1 3 '  
- - - 

Iln* u*..l r d e u  (nr) A*. S D  %Re*.r Ar. i S D  

( H u n )  I 1 3 

0 n n 

3 

0 

0 1 3  fa DTL HCI (90mg/Qa) pclkt. omd witb 7.5% w~ofdhy*cllukac md used TEC lo)( u p e .  



CPl4 rrpasnD for DTZ HCI (90m&m) p l l m  coald with 15% whv d ahyle+UUlaC and uud TEC Ul)( u p*. 

Table e16. Cumulative released of Dl-Z HCI coated pellets ~ ~ 1 5 '  

CP15 rrprrsarU h D T Z  HCI (90mgldsc) plkU mmcd with 15% w k  of ahyhllubr md usdm 34% lr p*nliar 



Table e17. Cumulative released of various coated levels of DTZ HCI 30 mg/l50 mg 

Ethyl~l lu lou 3.136 whv .** EthylallulQs l 1 . W  wlw. 

Table e18. Cumulative released of various coated levels of DTZ HCI 90 mdi50 mg 



Table r19. Cumulative released in D.I. water (U.S.P.XXLII) of ~ e r b e s s e r ~  90 SR. and 

4:l wlw mixed DTZ HC1 90 mgldose coated pellets (CP14) and uncoated 

Table e20. Cumulative released in pH changed medium from 1.2 (for 2 hours) to 6.8 of 
a 

Herbesser 90 SR. and 4:l wlw mixed DTZ HC190 mddose coated pellets 

(CP14) and uncoated DTZ HC190 mddose pellets. 





Table e22. Kinetic data of DTZ HCI pellets. 

Table e23. The relationslup between IKhickness and release rate data of DTZ FICI 

30 and 90 mg/150 rng dose pellets. 

DTZ 30-90 mg 7.5% whv 20%TEC 

* average from 6 determinations. 

30 mg/150 mg dose 

45 mg/150 mg dose 

60 mg1150 mg dose 

90 mg/150 mg dose 

Coatlng 

level 

12% w/w 

7.50% wlw 

3% wlw 

0.9966 

0.9943 

0.9861 

0.9955 

y=3.440x-0.8163 

~3.889~-2.6584 

~3.741~-2.6780 

r4.772~-2.3648 

Tblckness* 

(Pm) 

25.48k 1.76 

14.19t 1.31 

9k 1.08 

0.75-4 h 

0.54 h 

0.5-10 h 

0.5-12 h 

3.440 

3.889 

3.741 

4.772 

1fThlckneas 

0.039 

0.07 

0.111 

0.2373 

0.6835 

0.7159 

0.4955 

Release rate 

(mgmr) 

DTZ HCI 30 mgllSOrng 

1.138 

3.440 

9.026 

DTZ HCI 90 mg/l50mg 

2.057 

4.772 

14.208 



APPENDIX F 

Calculation of Osmolarity and Osmolality 

The amount of osmotically active particles in a solution is expressed in terms of 

osmoles or milliosmoles and these particles may be molecules or ions. 

~smolan ty '  is the 'numbei-.Of osmoles per .litre of solution. The osmolar 

concentration is calculated by using the following equation: 

(moles; solute) x i Osmol =- 
(litre; solution) Iitre 

(la) 

where i is number of ions per molecule for strong electrolytes and equal 

to ! for conelectrolyte. For example, sodium chloride has 2 ions per 

molecule and sodium sulphate has 3 ions per n~olecule etc. 

Osmolality is the number of osmoles per kilogram of water. The osmolal 

concentration is calculated by using the following equation: 

(moles;solute) x i Osmol =- 
(kg; solvent) kg 
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