
REFERENCES

Akimoto, K., Kurosaka, K., Nakagawa, H. and Sugimoto, I. 1988. A new approach to 
evaluating photo-stability of nifedipine and its derivatives in solution by 
actinometry. Chem, Pharm, Bull. 34 (4): 1483-1490.

Ali, A. and Sharma, ร. N. 1992. Stabilization of nifedipine preparations with curcumin. 
Indian J. Pharm. Sci,: 101-105.

Al-Turk, พ. A., Majeed, I. A., Murray. พ. J., Newton. D. พ. and Othman, ร. 1988. 
Some factors affecting the photodecomposition of nifedipine. Int. J. Pharm. 41 
: 227-230.

Al-Turk, พ., Othman, ร., Majeed, I., Murray, พ. and Newton, อ. 1989. Analytical study 
of nifedipine and its photo-oxidized form. Drug Dev. Ind. Pharm. 15 (2): 223- 
233.

Anderson, N. H., Johnston, D., McLelland, M. A. and Munden, p. 1991. Photostability 
testing of drug substances and drug products in UK pharmaceutical 
laboratories. J. Pharm. Biomed. Anal. 9 (6): 443-449.

Asker, A. F. and Habib, M. J. 1991. Effect of certain additives on photodegradation of 
tetracycline hydrochloride solutions. PDAJ. Pharm. Sci. 45(2): 113-115.

Asker, A. F. and Habib, M. J. 1988. Effect of glutathione on photolytic degradation of 
doxorubicin hydrochloride. PDAJ. Pharm. Sci. 42 (5): 153-156.

Asker, A. F. and Islam, M. ร. 1994. Effect of sodium thiosulfate on the photolysis of 
phénobarbital: Evidence of complex formaiton. PDA J. Pharm. Sci. 48 (4): 
205-210.

A so, Y., Y oshioka, ร., O tsuka, T. an d  Kojima, ร. 1995. The p h y sica l stability  of
a m o rp h o u s  nifedipine d e te rm in ed  by  iso therm al m icrocalorim etry . C hem ,
Pharm . Bull. 43 (2): 300-303.



94

Barkai, A., Pathak, Y. V., Benita, ร. 1990. Polyacrylate (Eudragit retard) microspheres 
for oral controlled release of nifedipine I: Formulation design and process 
optimization. Drug Dev. Ind. Pharm. 16(131:2057-2075.

Bechard, ร. R., Quraishi, 0. and Kwong, E. 1992. Film coating: Effect of titanium 
dioxide concentration and film thickness on the photostability of nifedipine. Int. 
J. Pharm. 87: 133-139.

Brigas, F., Sautou-miranda, V., Normand, B., Geneve, ร. and Chopineau, J. 1998. 
Compatibility of Tropisetron with glass and plastics: Stability under different 
storage conditions. J. Pharm. Pharmacol. 50:407-411.

Brittain, FI. G. 1996. Physical characterization of pharmaceutical solids. Drugs and the 
pharmaceutical sciences Vol. 70. New York : Marcel Dekker.

Carstensen, J. T. 1974. Stability of solids and solid dosage forms. J, Pharm. Sci. 63 
(1): 1-14.

Carstensen, J. T. 1995. Drug stability: Principles and practices. 2 nd ed. Drugs and 
the pharmaceutical sciences Vol. 68. New York : Marcel Dekker.

Chinnian, D. and Asker, A. F. 1996. Photostability profiles of minoxidil solutions. PDA 
J. Pharm. Sci. 50 (2): 94-98.

Chowdary, K. P. R. and Ramesh, K. V. R. N. ร. 1995. Controlled nifedipine release 
from microcapsules of its dispersions in PVP-MCC and FIPC-MCC. Drug Dev. 
Ind. Pharm. 21 (10): 1183-1192.

Chowdary, K. P. R. and Sankar, G. G. 1977. Eudragit microcapsules of nifedipine 
and its dispersion in HPMC-MCC: Physicochemical characterization and drug 
release studies. Drug Dev. Ind. Pharm. 23 (3): 325-330.

Connors, K. A. 1982. A textbook of pharmaceutical analysis. 3 rd ed. New York : A 
Wiley-lnterscience.



95

Desai, อ. ร., Abdelnasser, M. A., Rubitski, B. A. and Varia, ร. A. 1994. 
Photostabilization of uncoated tablets of sorivudine and nifedipine by 
incorporation of synthetic iron oxides. Int. J. Pharm. 103: 69-76.

Everhard, M. E. and Goodhart, F. พ. 1963. Stability of certified dyes in tablets I: 
Fading of FD&C red no.3 in tablets as a function of concentration, time and light 
intensity. J. Pharm. Sci. 52(31:281-283.

Ferdous, A. J. and Asker, A. F. 1996. Photostabilization of democlocycline 
hydrochloride with reduced glutathione. Drug Dev. Ind. Pharm. 22 (2): 119- 
124.

Filipovic-Grcic, J., Becirevic-Lacan, M., Skalko, N. and Jalsenjik, I. 1996. Chitosan 
microspheres of nifedipine and nifedipine cyclodextrin inclusion complexs. Int. 
J. Pharm. 135: 183-190.

Florey, K. 1989. Analytical profiles of drug substances. Vol. 18. San Diego : 
Academic Press.

Fokkens, J. and Gorissen, H. 1996. Changes in molecular weight of polyacrylate, Ph. 
Eur., induced by temperature, light and time. Drug Dev. Ind. Pharm. 22 (4): 
335-341.

Foster, T. ร., Flamann, ร. R., Richards, V. R., Bryant, P. J., Graves, D. A. and 
McAllmter, R. G. 1983. Nifedipine kinetics and bioavailability after single 
intravenous and oral doses in normal subjects. J. Clin. Pharmacol. 23: 161- 
170.

Gayot, M., Fawaz, F., Bildet, J., Bonini, J. and Lagueny, A. M. 1995. Physicochemical 
characteization and dissolution of norfloxacin-cyclodextrin inclusion compound 
and PEG solid dispersions. Int. J. Pharm. 123: 53-63.



96

Graham, R. E., Biehl, E., R. and Kenner, c. T. 1977. Effect of laboratory light on 
tétrazolium reaction and on stability of formazans in various solvents. J. Pharm. 
Sci. 66 (7): 965-970.

Grundy, J. ร., Kherani, R. and Foster, R. T. 1994. Photostability determination of 
commercially available nifedipine oral dosage formulations. J. Pharm. Biomed. 
Anal. 12 (12): 1529-1535.

Guo, Y., Byrn, ร. R. and Zografi, G. 2000. Physical characteristics and chemical 
degradation of amorphous quinapril hydrochloride. J. Pharm. Sci. 89 (1): 128- 
143.

Hasegawa, A., Nakagawa, H. and Sugimoto, I. 1985. Bioavailability and stability of 
nifedipine-enteric coating agent solid dispersion. Chem. Pharm. Bull. 33 (1): 
388-391.

Hayase, N., Itagaki, Y., Ogawa, ร., Akutsu, ร., Inagaki, ร. and Abiko, Y. 1994. Newly 
discovered photodegradation products of nifedipine in hospital prescriptions. 1  

Pharm. Sci. 83 (4): 532-538.

Ho, P. c. and Wong, V. K. 1998. Influence of DL methionine and sodium 
metabisulphite on the photostability of vitamin K1. PDA J. Pharm. Sci. 52 (3): 
129-133.

Kai, T., Akiyama, Y., Nomura, ร. and Sato, M. 1996. Oral absorption improvement of 
poorly soluble drug using solid dispersion technique. Chem, Pharm. Bull. 44: 
566-571.

Kaminski, E. E., Cohn, R. M., McGuire, J, L. and Carstensen, J. T. 1979. Light stability 
of norethindrone and ethinyl estradiol formulated with FD&C colorants. J, 
Pharm. Sci. 68 (3): 368-370.



97

Kesavan, J. G., Peck, G. E. 1996. Solid-state stability of theophylline anhydrous in 
theophylline anhydrous-polyvinylpyrrolidone physical mixtures. Drug Dev. Ind. 
Pharm, 22 (3): 189-199.

Kunchandy, E. and Rao, M. N. A. 1990. Oxygen radical scavenging activity of 
curcumin. Int. J. Pharm. 58: 237-240.

Lachman, L, Swartz, c. J. and Cooper, J. 1960. A comprehensive pharmaceutical 
stability testing laboratory III: A light stability cabinet for evaluating the 
photosensitivity of pharmaceuticals. Journal of the American Pharmaceutical 
Association 49 (4): 213-218.

Lide, D. R. 1995. Handbook of chemistry and physics. 76 th ed. New York : CRC 
press, p. 15:23.

Majeed. I. A., Murray, พ. J., Newton. D. พ., Othman, ร. and Al-Turk, พ. A. 1987. 
spectrophotometric study of the photodecomposition kinetics of nifedipine. J, 
Pharm. Pharmacol. 39: 1044-1046.

Martin, A., Bustamante, p., Chun, A. H. c. 1993. Physical pharmacy: Physical 
chemical principles in the pharmaceutical sciences. 4 th ed. Philadelphia : Lea 
& Febiger.

Matsuda, Y., Teraoka, R. and Sugimoto, I. 1989. Comparative evaluation of 
photostability of solid-state nifedipine under ordinary and intensive light 
irradiation conditions. Int. J. Pharm. 54: 211-221.

Matsuura, I., Imaizumi, M. and Sugiyama, M. 1990. Method of kinetic analysis of 
photodegradation: Nifedipine in solutions. Chem. Pharm. Bull. 38 (6): 1692- 
1696.

Moore, D. E. 1990. Kinetic treatment of photochemical reactions. Int. J. Pharm. 63:
R5-R7.



98

Morïmura, T., Ohno, T., Matsukura, H. and Nobuhara, Y. 1995. Photodegradation 
kinetics of the new antibacterial fluoroquinolone derivative, orbifloxacin in 
aqueous solution. Chem. Pharm. Bull. 43 (6): 1000-1004.

Narurkar, A. N., Sheen, p., Bernstein, D. F. and Augustine, M. A. 1986. Studies on the 
light stability of flordipine tablets in amber blister packing material. Drug Dev. 
Ind. Pharm. 12: 1241-1247.

Nunez-Vergara, L. J., Sunkel, c. and Squella, J. A. 1994. Photodecomposition of a 
new 1,4-dihydropyridine: Furnidipine. J. Pharm. Sci. 83 (4): 502-507.

Ogata, M., Noro, Y., Yamada, M., Tahara, T. and Nishimura, T. 1998. Photodegradation 
products of méthylprednisolone suleptanate in aqueous solution: Evidence of a 
bicyclo[3.1,0]hex-3-en-2-one intermediate. J. Pharm. Sci. 87 (1): 91-95.

Ohkubo, T., Noro, FI., Sugawara, K. 1992. High-performance liquid chromatographic 
determination of nifedipine and a trace photodegradation product in hospital 
prescriptions. J. Pharm. Biomed. Anal. 10(11:67-70.

Okamoto, H., Mori, K. and Nishihata, T. 1994. Compatibility of U-67590A sterile solution 
with normal saline, dextrose solution and solita-T no. 3 with or without 
aminophylline injectable. Drug Dev. Ind. Pharm. 20 (16): 2479-2492.

Oustric-Mendes, A. c., Huart, B., Hoang, M. D., L, Perrin-Rossel, M., Pailler, F. M., 
Darbord, J. c., Prognon, P., Gard, c. and Pradeau, D. 1997. Study protocol: 
Stability of morphine injected without preservative, delivered with a disposable 
infusion device. Journal of Clinical Pharmacy and Therapetics 22: 283-290.

Pietta, P., Rava, A. and Biondi, p. 1981. High-performance liquid chromatography of 
nifedipine: Its metabolites and photochemical degradation products. J, 
Chromato. 210: 516-521.



99

Sadana, G. ร. and Ghogare, A. B. 1991. Quantitative proton magnetic resonance 
spectroscopic determination of nifedipine and its photodecomposition products 
from pharmaceutical preparations. J. Pharm. Sci. 80 (9): 895-898.

Save, J. and Venkitachalam, p. 1992. Studies on solid dispersions OT nifedipine. Drug 
Dev. Ind. Pharm. 18 (18): 1663-1679.

Sinsuebpol, c. 1999. Controlled release of nifedipine from combined carriers between 
eudragit and povidone K30 prepared by spray drying technique. Master’ ร 
Thesis Department of Pharmacy, Faculty of Pharmaceutical Sciences 
Chulalongkorn University.

Skiba, M., Skiba-Lahiani, M., Marchais, H., Duclos, R. and Arnaud, p. 2000. Stability 
assessment of kétoconazole in aqueous formulations. Int. J. Pharm. 198: 1-6.

Soons, P. A., Schellens, J. H. M., Roosemalen, M. c. M. and Breimer, D. D. 1991. 
Analysis of nifedipine and its pyridine metabolite dehydronifedipine in blood and 
plasma: Review and improved high-performance liquid chromatographic 
methodology. J. Pharm. Biomed. Anal. 9 (6): 475-484.

Sprawls, ช. B. 1970. Prescription pharmacy. 2 nd ed. Philadelphia : ช. B. Lippincott.

Suresh, ร. and Prasad, K. 1999. Solid dispersions of curcumin. Indian. ช. Pharm. Sci. 
61 (2): 131-133.

Suzuki, H., Fujiwara, ร., Kondo, ร. and Sugimoto, I. 1985. Determination of nifedipine in 
human plasma by high-performance liquid chromatography with electrochemical 
detection. ช. Chromato. 341:341-347.

Swarbrick, ช. and Boylan, ช. c. 1993. Encyclopedia of pharmaceutical technology Vol.
7. New York : Marcel Dekker.

Swarbrick, J. and Boylan, ช. c. 1995. Encyclopedia of pharmaceutical technology Vol.
12. New York : Marcel Dekker.



100

Swarbrick, J. and Boylan, J. c. 1996. Encyclopedia of pharmaceutical technology Vol. 
14. New York : Marcel Dekker.

Teraoka, R., Matsuda, Y. and Sugimoto, I. 1988. Quantitative design for 
photostabilization of nifedipine by using titanium dioxide and/or tartrazine a 
colourants in model film coating systems. J. Pharm. Pharmacol. 41: 293-297.

Thoma, K. and Klimek, R. 1991. Photostabilization of drugs in dosage forms without 
protection from packaging materials. Int. J. Pharm. 67: 169-175.

Tiefenbacher, E. M., Haen, E., Przybilla, B. and Kurz, H. 1994. Photodegradation of 
some quinolones used as antimicrobial therapeutics. J. Pharm. Sci, 83 (4): 
463-467.

Tonnesen, H. H. 1996. The photostabilitv of drugs and drug formulations. London : 
Taylor & Francis.

Tonnesen, H. H. and Greenhill, J. V. 1992. Studies on curcumin and curcuminoids 
XXII: Curcumin as a reducing agent and as a radical scavenger. Int. J. Pharm. 
87: 79-87.

Tonnesen, H. H. and Karlsen, J. 1988. Studies on curcumin and curcuminoids XI: 
Stabilization of photolabile drugs in serum samples by addition of curcumin. Int. 
J. Pharm. 41:75-81.

Tonnesen, H. H., Smistad, G., Agren, T. and Karlsen, J. 1993. Studies on curcumin 
and curcuminoids XXIII: Effects of curcumin on liposomal lipid peroxidation. Int. 
J, Pharm. 90:221-228.

Umprayn, K. and Mendes, R. พ. 1987. Hygroscopicity and moistrue adsorption 
kinetics of pharmaceutical solids: A review. Drug Dev. Ind. Pharm. 13:653-
693.



101

Vandenbossche, G. M. R., Muynck, c. อ., Colardyn, F. and Rernon, J. p. 1993. Light 
stability of molsidomine in infusion fluids. J. Pharm, Pharmacol. 45: 486-488.

Walily, A. F. M. 1997. Analysis of nifedipine-acebutolol hydrochloride binary 
combination on tablets using UV-derivative spectroscopy, capillary gas 
chromatography and high performance liquid chromatography. J, Pharm. 
Biomed. Anal. 16: 21-30.

Windholz, M. 1983. The merck index: An encyclopedia of chemicals, drugs and 
biologicals. 13 th ed. Rahway : Merck & Co.

Yan, G., Li, H., Zhang, R. and Ding, อ. 2000. Preparation and evaluation of a 
sustained-release formulation of nifedipine HPMC tablets. Drug Dev. Ind. 
Pharm. 26 (6): 681-686.

Yoshioka, ร., Ishihara, Y.t Terazono, T., Tsunakawa, N., Murai, M., Yasuda, T., Kunihiro, 
Y., Sakai, K., Hirose, Y., Tonooka, K., Takayama, K., Imai, F., Godo, M., Matsuo, 
M., Nakamura, K., Aso, Y„ Kojima, ร., Takeda, Y. and Terao, T. 1994. Quinine 
actinometry as a method for calibrating ultraviolet radiation intensity in light- 
stability testing of pharmaceuticals. Drug Dev. Ind. Pharm. 20 (13): 2049- 
2062.

Yu., A. B. c., Portmann, G. and Simmons, D. 1995. Kinetic and stability study of an 
investigative antirhinovirus compound. Drug Dev. Ind. Pharm. 21 (16): 1827- 
1840.

Zhan, X., Yin, G. and Liu, ร. 1995. Kinetic study on the photostability of solid 
vesnarinone and the equivalent relationship between daylight and lamplight. A 
Pharm. Sci. 84 (5): 624-626.



APPENDICES A

Particle size analysis



103

T able A1 Par t i c l e  s i z e  m e a s u r e m e n t  of 1 :10 :0 n i fe d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30,

s p r a y  d r i e d  at  inlet air  t e m p e r a t u r e  55 °c.

Low er s ize  
(pm )

U p p er s ize  
(pm )

M ean (pm )
F req u en cy
(particle)

% Freq Cum . % F req

12.00 14.00 13.00 54 9.00 9.00
14.00 16.00 15.00 83 13.83 22.83
16.00 18.00 17.00 85 14.17 37.00
18.00 20.00 19.00 85 14.17 51.17
20.00 22.00 21.00 107 17.83 69.00
22.00 24.00 23.00 102 17.00 86.00
24.00 26.00 25.00 84 14.00 100.00

13.00 15.00 17.00 19.00 21.00 23.00 25.00

Particle size (micrometer)

Figure A1 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:0:10

n ifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p e ra tu re
55 °c.
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T able A2 Par t i c l e  s i z e  m e a s u r e m e n t  of 1 :10 :0 n i fe d i p i n e : E u d r a g i t  R S 1 0 0 : P V P  K30,

s p r a y  d r i e d  at  inlet a ir  t e m p e r a t u r e  6 5  °c.

Lower size 
(แ๓)

Upper size 
(f )

Mean (p.m) Frequency
(particle) % Freq Cum. %Freq

12.00 14.00 13.00 73.00 12.17 12.17
14.00 16.00 15.00 90.00 15.00 27.17
16.00 18.00 17.00 90.00 15.00 42.17
18.00 20.00 19.00 87.00 14.50 56.67
20.00 22.00 21.00 86.00 14.33 71.00
22.00 24.0Q 23.00 99.00 16.50 87.50
24.00 26.00 25.00 75.00 12.50 100.00

13.00 15.00 17.00 19.00 21.00 23.00 25.00

Particle size (micrometer)

Figure A2 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:0:10
nifedip ine:E udrag it RS100:PVP K30, sp ra y  d ried  at inlet air tem p era tu re
65 °c.
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T ab le  A3 Particle size m easu rem en t of 1 :10:0 n ifed ip ine:E udrag it RS100:PV P K30,
sp ra y  d ried  at inlet air tem p era tu re  75 °c.

Lower size 
( u r n )

Upper size 
(แทา) Mean (|i.m) Frequency

(particle) % Freq Cum. %Freq

12.00 14.00 13.00 72 12.00 12.00
14.00 16.00 15.00 79 13.17 25.17
16.00 18.00 17.00 100 16.67 41.83
18.00 20.00 19.00 97 16.17 58.00
20.00 22.00 21.00 78 13.00 71.00
22.00 24.00 23.00 85 14.17 85.17
24.00 26.00 25.00 89 14.83 100.00

I0
>içpI

13.00 15.00 17.00 19.00 21.00 23.00 25.00

Particle size (micrometer)

Figure A3 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:0:10
nifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p e ra tu re
75 ๐(ว.
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T able A4 Particle size m e a s u r e m e n t  of 1:8:2 nifedipine:Eudragi t  RS100:PVP K30,
s p r a y  dr ied  at inlet air tempera ture  55 ° c .

L ow er s iz e  
(แทา)

U p p er s ize  
( M-m )

M ean (แทา)
F req uency
(particle)

% Freq C um . % F req

8.00 10.00 9.00 2 0.33 0.33
10.00 12.00 11.00 90 15.00 15.33
12.00 14.00 13.00 82 13.67 29.00
14.00 16.00 15.00 88 14.67 43.67
16.00 18.00 17.00 102 17.00 60.67
18.00 20.00 19.00 109 18.17 78.83
20.00 22.00 21.00 93 15.50 94.33
22.00 24.00 23.00 34 5.67 100.00

Figure A4 % F req u en cy  distribution and  cum ulative % freq u en cy  plo t of 1:2:8
n ifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air te m p e ra tu re
55 °c.
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T a b l e  A5 Par t ic le  s i z e  m e a s u r e m e n t  of 1:8:2 n i f ed ip i n e .E u d r a g i t  R S 1 0 0 : P V P  K30,

s p r a y  d r i e d  a t  inlet a i r  t e m p e r a t u r e  65 °c.

Low er s ize  
(|xm)

U pper s ize  
(pm )

M ean ((im)
F req u en cy
(particle)

% Freq Cum. % F req

4.00 6.00 5.00 1 0.17 0.17
6.00 8.00 7.00 0 0.00 0.17
8.00 10.00 9.00 0 0.00 0.17
10.00 12.00 11.00 13 2.17 2.33
12.00 14.00 13.00 128 21.33 23.67
14.00 16.00 15.00 204 34.00 57.67
16.00 18.00 17.00 193 32.17 89.83
18.00 20.00 19.00 49 8.17 98.00
20.00 22.00 21.00 10 1.67 99.67
22.00 24.00 23.00 2 0.33 100.00

5.00 7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00

Particle size (micrometer)

Figure A5 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:2:8
nifedipine.’E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p era tu re
65 °c.
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T a b l e  A6  Part ic le  s i z e  m e a s u r e m e n t  of 1 :8:2 n i fe d ip i n e i E u d r a g i t  R S 1 0 0 : P V P  K30,

s p r a y  d r i e d  a t  inlet air  t e m p e r a t u r e  75 °c.

Lower size 
(แทา)

Upper size 
(fim) Mean (p.m) Frequency

(particle) % Freq Cum. %Freq

8.00 10.00 9.00 11 1.83 1.83
10.00 12.00 11.00 124 20.67 22.50
12.00 14.00 13.00 119 19.83 42.33
14.00 16.00 15.00 120 20.00 62.33
16.00 18.00 17.00 • 106 17.67 80.00
18.00 20.00 19.00 112 18.67 98.67
20.00 22.00 21.00 8 1.33 100.00

9.00 11.00 13.00 15.00 17.00 19.00 21.00

Particle size (micrometer)

Figure A6 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:2:8
n ifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p era tu re
75 °c.
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T able A7 Particle s ize  m e asu rem en t of 1 :5:5 m fedipine.'E udragit RS100:PVP K30,
sp ra y  d ried  at inlet air tem p era tu re  55 °c.

Low er s ize  
(แทา)

U pper size  
(fim) M ean (p.m)

F req uency
(particle)

% Freq Cum. % F req

12.00 14.00 13.00 69.00 11.50 11.50
14.00 16.00 15.00 96.00 16.00 27.50
16.00 18.00 17.00 83.00 13.83 41.33
18.00 20.00 19.00 95.00 15.83 57.17
20.00 22.00 21.00 85.00 14.17 71.33
22.00 24.00 23.00 85.00 14.17 85.50
24.00 26.00 25.00 87.00 14.50 100.00

13.00 15.00 17.00 19.00 21.00 23.00 25.00

Particle size (micrometer)

Figure A7 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:5:5
nifedip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p era tu re
55 °c.



110

T able A8 Particle size m easu rem en t of 1:5:5 n ifed ip ine:E udrag it RS100:PV P K30,
sp ra y  d ried  at inlet air tem p era tu re  65 °c.

L ow er s iz e  
( u r n )

U p p er s ize
(u rn )

M ean (|i.m)
F req uency
(particle)

% F req C um . % F req

8.00 10.00 9.00 7 1.17 1.17
10.00 12.00 11.00 137 22.83 24.00
12.00 14.00 13.00 124 20.67 44.67
14.00 16.00 15.00 114 19.00 63.67
16.00 18.00 17.00 112 18.67 82.33
18.00 20.00 19.00 97 16.17 98.50
20.00 22.00 21.00 9 1.50 100.00

9.00 11.00 13.00 15.00 17.00 19.00 21.00

Particle size (micrometer)

Figure A8 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:5:5
n ifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air te m p e ra tu re
65 °c.
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T able A9 Particle s ize  m e a su re m e n t of 1:5:5 n ifed ip ine:E udrag it RS100:PV P K30,
sp ra y  d ried  at inlet air tem p era tu re  75 °c.

Lower size 
(แเท)

Upper size 
(|im) Mean (p.m) Frequency

(particle) % Freq Cum. %Freq

4.00 6.00 5.00 41 6.83 6.83
6.00 8.00 7.00 63 10.50 17.33
8.00 10.00 9.00 62 10.33 27.67
10.00 12.00 11.00 70 11.67 39.33
12.00 14.00 13.00 69 11.50 50.83
14.00 16.00 15.00 63 10.50 61.33
16.00 18.00 17.00 68 11.33 72.67
18.00 20.00 19 00 70 11.67 84.33
20.00 22.00 21.00 68 11.33 95.67
22.00 24.00 23.00 26 4.33 100.00

^  4? ^

Particle size (micrometer)

Figure A9 % F req u en cy  distribution an d  cum ulative % freq u en cy  plo t of 1:5:5
n ifed ip ine:E udrag it RS100:PVP K30, sp ray  d ried  a t inlet a ir tem p e ra tu re
75 °c .
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T able A10 Particle s ize  m e a su re m e n t of 1:2:8 n ifed ip ine:E udrag it RS100:PVP K30,
sp ra y  d ried  at inlet air tem p era tu re  55 °c.

Lower size 
(pm)

Upper size 
(urn) Mean (pm) Frequency

(particle) % Freq Cum. %Freq

8.00 10.00 9.00 4 0.67 0.67
10.00 12.00 11 00 62 10.33 11.00
12.00 14.00 13.00 75 12.50 23.50
14.00 16.00 15.00 70 11.67 35.17
16.00 18.00 17.00 102 17.00 52.17
18.00 20.00 19.00 91 15.17 67.33
20.00 22.00 21.00 72 12.00 79.33
22.00 24.00 23.00 80 13.33 92.67
24.00 26.00 25.00 44 7.33 100.00

9.00 11.0013.0015.0017.0019.0021.0023.0025.00

Particle size (micrometer)

Figure A10 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:8:2
n ifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p e ra tu re
55 ๐c .
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T able A11 Particle s ize  m ea su re m e n t of 1:2:8 กifed ip ine:E udrag it RS100:PVP K30,
sp ra y  d ried  at inlet air tem p e ra tu re  65 °c.

Lower size 
(แทา)

Upper size 
(แทา) Mean (แฌ) Frequency

(particle) % Freq Cum. %Freq

8.00 10.00 9.00 51 8.50 8.50
10.00 12.00 11.00 81 13.50 22.00
12.00 14.00 13.00 95 15.83 37.83
14.00 16.00 15.00 90 15.00 52.83
16.00 18.00 17.00 105 17.50 70.33
18.00 20.00 19.00 93 15.50 85.83
20.00 22.00 21.00 85 14.17 100.00

9.00 11.00 13.00 15.00 17.00 19.00 21.00

Particle size (micrometer)

Figure A11 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:8:2
n ifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p era tu re
65 °c.
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T able  A12 Particle size m easu rem en t of 1:2:8 n ifed ip ine .E udrag it RS100:PVP K30,
sp ra y  dried  at inlet air tem p era tu re  75 °c.

Lower size 
(|xm)

Upper size 
(p.m) Mean (|im) Frequency

(particle) % Freq Cum. %Freq

4.00 6.00 5.00 40 6.67 6.67
6.00 8.00 7.00 57 9.50 16.17
8.00 10.00 9.00 54 9.00 25.17
10.00 12.00 11.00 71 11.83 37.00
12.00 14.00 13.00 72 12.00 49.00
14.00 16.00 15.00 .54 9.00 58.00
16.00 18.00 17.00 79 13.17 71.17
18.00 20.00 19.00 76 12.67 83.83
20.00 22.00 21.00 75 12.50 96.33
22.00 24.00 23.00 22 3.67 100.00

5.00 7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00 

Particle size (micrometer)

Figure A12 % F req u en cy  distribution and  cum ulative % freq u en cy  plot of 1:8:2
n ifed ip ine:E udrag it RS100:PVP K30, sp ra y  d ried  a t inlet air tem p era tu re
75 °c.
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T able A13 Particle s ize  m e asu rem en t of 1:0:10 n ifed ip ine:E udrag it RS100:PV P K30,
sp ra y  d ried  at inlet air tem p era tu re  55 °c.

Lower size 
(urn)

Upper size 
(nm) Mean (p.m) Frequency

(particle) % Freq Cum. %Freq

4.00 6.00 5.00 33 5.50 5.50
6.00 8.00 7.00 57 9.50 15.00
8.00 10.00 9.00 70 11.67 26.67
10.00 12.00 11.00 74 12.33 39.00
12.00 14.00 13.00 73 12.17 51.17

. 14.00 16.00 15.00 62 10.33 61.50
16.00 18.00 17.00 62 10.33 71.83
18.00 20.00 19.00 87 14.50 86.33
20.00 22.00 21.00 64 10.67 97.00
22.00 24.00 23.00 18 3.00 100.00

5.00 7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00

Particle size (micrometer)

Figure A13 % F req u en cy  distribution an d  cum ulative % freq u en cy  plot of 1:10:0
n ifed ip ine:E udrag it RS100:PVP K30, sp ray  d ried  a t inlet a ir tem p e ra tu re
55 °c.
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T able A14 Particle s ize  m ea su re m e n t of 1:0:10 nifedipine : E udrag it RS100:PVP K30,
sp ra y  d ried  at inlet air tem p era tu re  65 °c.

Lower size 
(แทา)

Upper size 
(urn) Mean (pm) Frequency

(particle) % Freq Cum. %Freq

4.00 6.00 5.00 37 6.17 6.17
6.00 8.00 7.00 65 10.83 17.00
8.00 10.00 9.00 72 12.00 29.00
10.00 12.00 11.00 79 13.17 42.17
12.00 14.00 13.00 71 11.83 54.00
14.00 16.00 15.00 65 10.83 64.83
16.00 18.00 17.00 75 12.50 77.33
18.00 20.00 19.00 63 10.50 87.83
20.00 22.00 21.00 60 10.00 97.83
22.00 24.00 23.00 13 2.17 100.00

5.00 7.00 9.00 11.00 13.00 15.00 17.00 19.00 21.00 23.00

Particle size (micrometer)

Figure A14 %Frequency distribution and cumulative %frequency plot of 1:2:8
nifedipine:Eudragit RS100:PVP K30, spray dried at inlet air temperature 
65 °c.
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T able A15 Particle size m e asu rem en t of 1:0:10 n ifed ip ine :E udrag it RS100:PVP K30,
sp ra y  d ried  at inlet air tem p era tu re  75 °c.

Lower size 
(nm)

Upper size 
(แภา) Mean (p.m) Frequency

(particle) % Freq Cum. %Freq

4.00 6.00 5.00 0 0.00 0.00
6.00 8.00 7.00 104 17.33 17.33
8.00 10.00 9.00 89 14.83 32.17
10.00 12.00 11.00 102 17.00 49.17
12.00 14.00 13.00 86 14.33 63.50
14.00 16.00 15.00 93 15.50 79.00
16.00 18.00 17.00 79 13.17 92.17
18.00 20.00 19.00 47 7.83 100.00

5.00 7.00 9.00 11.0013 .0015 .0017.0019.00

Particle size (micrometer)

F ig u re  A 1 5 % F re q u e n c y  d is t r ib u t io n  a n d  c u m u la t iv e  % f r e q u e n c y  p lo t  o f  1 :2 :8

n i fe d ip in e :E u d r a g i t  R S 1 0 0 :P V P  K 3 0 , s p r a y  d r ie d  a t  in le t  a ir  t e m p e ra tu r e

65 °c.



Table A16 Median diameter (|im) of nifedipine microspheres with varied mixing 
ratios and spray dried at varied inlet air temperature

Median diameter (แทท)

๐๐นไ) 
LO 65 ° c O๐LOh-

1:10:0 18.54 18.10 18.17
1:8:2 15.50 14.44 13.87
1:5:5 18.14 13.76 12.88
1:2:8 16.70 14.50 . 13.13
1:0:10 12.92 12.50 11.31
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T a b le  A 17 P a rtic le  s iz e  m e a s u r e m e n t  of 1:2:8 n ife d ip in e :E u d ra g it  R S 1 0 0 :P V P  K30,

s p r a y  d r ie d  a t in le t a ir  te m p e ra tu re  85 °c, p u m p  s e t t in g  10 m l/m in , s p r a y

flow  70 0  NL/h, so lid  c o n te n t 1%  w/v.

Lower size 
(แทา)

Upper size 
(pm) Mean (p.m) Frequency

(particle) % Freq Cum. %Freq

4.00 6.00 5.00 152 25.33 25.33
6.00 8.00 7.00 221 36.83 62.17
8.00 10.00 9.00 217 36.17 98.33
10.00 12.00 11.00 7 1.17 99.50
12.00 14.00 13.00 3 0.50 100.00

5.00 7.00 9.00 11.00 13.00

Particle size (micrometer)

Figure A16 %Frequency distribution and cumulative %frequency plot of 1:2:8 
nifedipine:Eudragit RS100:PVP K30, spray dried at inlet air temperature 
85 °c, pump setting 10 ml/min, spray flow 700 NL/h, solid content 1% 
w/v.
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T a b le  A 18 P a rtic le  s iz e  m e a s u r e m e n t  of 1 :2:8 n ife d ip in e :E u d ra g it  R S 10 0 :P V P  K30,

s p r a y  d r ie d  a t  in let a ir  te m p e ra tu re  65 °c, p u m p  s e tt in g  5 m l/m in, s p r a y

flow  7 0 0  NL/h, so lid  c o n te n t  2 0 %  w/v.

Lower size 
(แทา)

Upper size 
(แทา) Mean (แทา) Frequency

(particle) % Freq Cum. %Freq

18.00 20.00 19.00 69 11.50 11.50
20.00 22.00 21.00 64 10.67 22.17
22.00 24.00 23.00 78 13.00 35.17
24.00 26.00 25.00 78 13.00 48.17
26 00 28.00 27.00 65 10.83 59.00
28.00 30.00 29.00 88 14.67 73.67
30.00 32.00 31.00 85 14.17 87.83
32.00 34.00 33.00 73 12.17 100.00

19.00 21.00 23.00 25.00 27.00 29.00 31.00 33.00

Particle size (micrometer)

Figure A17 %Frequency distribution and cumulative %frequency plot of 1:2:8
nifedipine:Eudragit RS100:PVP K30, spray dried at inlet air temperature 
65 °c, pump setting 5 ml/min, spray flow 700 NL/h, solid content 20% 
w/v.
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T a b le  A 19 P a rtic le  s iz e  m e a s u r e m e n t  of 1 :2:8 n ife d ip in e :E u d ra g it  R S 10 0 :P V P  K30,

s p r a y  d r ie d  a t in let a ir te m p e ra tu re  55 °c, p u m p  se tt in g  5 m l/m in, s p r a y

flow 3 0 0  NL/h, so lid  c o n te n t  4 0 %  w/v.

Lower size 
(urn)

Upper size 
(แเท) Mean (|im) Frequency

(particle) %  Freq Cum. %Freq

5.00 15.00 10.00 1 0.17 0.17
15.00 25.00 20.00 9 1.50 1.67
25.00 35.00 30.00 106 17.67 19.33
35.00 45.00 40.00 218 36.33 55.67
45.00 55.00 50.00 175 29.17 84.83
55.00 65.00 60.00 90 15.00 99.83
65.00 75.00 70.00 1 0.17 100.00

๐

10.00 20.00 30.00 40.00 50.00 60.00 70.00

Particle size (micrometer)

Figure A18 %Frequency distribution and cumulative %frequency plot of 1:2:8 
nifedipine:Eudragit RS100:PVP K30, spray dried at inlet air temperature 
55 ๐(ว, pump setting 5 ml/min, spray flow 300 NL/h, solid content 40% 
w/v.
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Table A20 Median diameter ((am) of nifedipine microspheres with varied spray 
drying conditions

Formula Median diameter 
(แทา)

inlet air temperature 85 °c, pump setting 10 ml/min, spray 
flow 700 NL/h, solid content 1% w/v 6.35

inlet air temperature 65 °c, pump setting 5 ml/min, spray 
flow 600 NL/h, solid content 5% w/v 14.50

inlet air temperature 65 °c, pump setting 5 ml/min, spray 
flow 700 NL/h, solid content 20% w/v

25.57

inlet air temperature 55 °c, pump setting 5 ml/min, spray 
flow 300 NL/h, solid content 40% w/v. 38.31
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T a b le  A21 P a rtic le  s iz e  m e a s u r e m e n t  of 1 :1 n ife d ip in e :E u d ra g it  R S 1 0 0

Lower size 
(แทก)

Upper size 
(fim) Mean (p.m) Frequency

(particle) % Freq Cum. %Freq

10.00 12.00, 11.00 1 0.17 0.17
12.00 14.00 13.00 67 11.17 11.33
14.00 16.00 15.00 115 19.17 30.50
16.00 18.00 17.00 114 19.00 49.50
18.00 20.00 19.00 131 21.83 71.33
20.00 22.00 21.00 119 19.83 91.17
22.00 24.00 23.00 53 8.83 100.00

g
CD

I

11.00 13.00 15.00 17.00 19.00 21.00 23.00

Particle size (micrometer)

F ig u re  A 19  % F re q u e n c y  d is tr ib u tio n  a n d  c u m u la tiv e  % fre q u e n c y  p lo t o f 1:1
n ife d ip in e :E u d ra g it  R S 100 .



124

T a b le  A 22 P a rtic le  s iz e  m e a s u r e m e n t  of 1 :3 n ife d ip in e :E u d ra g it  R S 10 0

Lower size 
(pm)

Upper size 
(pm) Mean (pm) Frequency

(particle) % Freq Cum. %Freq

12.00 14.00 13.00 81 13.50 13.50
14.00 16.00 15.00 103 17.17 30.67
16.00 18.00 17.00 92 15.33 46.00
18.00 20.00 19.00 80 13.33 59.33
20.00 22.00 21.00 103 17.17 76.50
22.00 24.00 23.00 87 14.50 91.00

13.00 15.00 17.00 19.00 21.00 23.00 25.00

Particle size (micrometer)

F ig u re  A 20 % F re q u e n c y  d is tr ib u tio n  a n d  c u m u la tiv e  % fre q u e n c y  p lo t of 1:3

n ife d ip in e :E u d ra g it  R S 100 .
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T a b le  A 23 P a rtic le  s iz e  m e a s u r e m e n t  of 1 :5 n ife d ip in e :E u d ra g i t  R S 10 0

Lower size 
(pm)

Upper size 
(pm) Mean (pm) Frequency

(particle) % Freq Cum. %Freq

12.00 14.00 13.00 42 7.00 7.00
14.00 16.00 15.00 84 14.00 21.00
16.00 18.00 17.00 85 14.17 35.17
18.00 20.00 19.00 89 14.83 50.00
20.00 22.00 21.00 95 15.83 65.83
22.00 24.00 23.00 108 18.00 83.83
24.00 26.00 25.00 94 15.67 99.50
26.00 ' 28.00 27.00 3 0.50 100.00

13.00 15.00 17.00 19.00 21.00 23.00 25.00

Particle size (micrometer)

Figure A21 %Frequency distribution and cumulative %frequency plot of 1:5 
nifedipine:Eudragit RS100.
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T a b le  A 24 P a rtic le  s iz e  m e a s u r e m e n t  of 1 :1 n ife d ip in e :P V P  K30

Lower size 
(แทา)

Upper size 
(pm) Mean (fim) Frequency

(particle) % Freq Cum. %Freq

8.00 10.00 9.00 87 14.50 14.50
10.00 12.00 11.00 110 18.33 32.83
12.00 14.00 13.00 139 23.17 56.00
14.00 16.00 15.00 119 19.83 75.83
16.00 18.00 17.00 99 16.50 92.33
18.00 20.00 19.00 46 7.67 100.00
20.00 22.00 21.00 0 0.00 100.00

Q)
l l

9.00 11.00 13.00 15.00 17.00 19.00 21.00

Particle size (micrometer)

F ig u re  A 22 % F re q u e n c y  d is tr ib u tio n  a n d  c u m u la tiv e  % fr e q u e n c y  p lo t of 1:1
n ifed ip in e :P V P  K30.



127

T a b le  A 25  P a rtic le  s iz e  m e a s u r e m e n t  of 1 :3 n ifed ip in e :P V P  K30

Lower size 
(|xm)

Upper size 
(pm) Mean (p.m) Frequency

(particle) % Freq Cum. %Freq

10.00 12.00 11.00 100 16.67 16.67
12.00 14.00 13.00 101 16.83 33.50
14.00 16.00 15.00 108 18.00 51.50
16.00 18.00 17.00 100 16.67 68.17
18.00 20.00 19.00 95 15.83 84.00
20 00 22.00 21.00 96 16.00 100.00

11.00 13.00 15.00 17.00 19.00 21.00

Particle size (micrometer)

F ig u re  A 23 % F re q u e n c y  d is tr ib u tio n  a n d  c u m u la tiv e  % fre q u e n c y  p lo t of 1:3
n ifed ip in e :P V P  K30.
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T a b le  A 26 P a rtic le  s iz e  m e a s u r e m e n t  of 1 :5 n ifed ip in e :P V P  K30

Lower size 
(pm)

Upper size 
(pm) Mean (pm) Frequency

(particle) % Freq Cum. %Freq

8.00 10.00 9.00 5 0.83 0.83
10.00 12.00 11.00 119 19.83 20.67
12.00 14.00 13.00 125 20.83 41.50
14.00 16.00 15.00 107 17.83 59.33
16.00 18.00 17.00 120 20.00 79.33
18.00 20.00 19.00 119 19.83 99.17
20.00 22.00 21.00 5 0.83 100.00

9.00 11.00 13.00 15.00 17.00 19.00 21.00

Particle size (micrometer)

F ig u re  A 24 % F re q u e n c y  d is tr ib u tio n  a n d  c u m u la tiv e  % fre q u e n c y  p lo t of 1:5
n ifed ip in e :P V P  K 30.



Table A27 Particle size measurement of 1:2:8:4 nifedipine.'Eudragit RS100:PVP 
K30:curcumin.
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Lower size
(pm)

Upper size 
(pm) Mean (pm) Frequency

(particle) % Freq Cum. %Freq

14.00 16.00 15.00 58 9.67 9.67
16.00 18.00 17.00 122 20.33 30.00
18.00 20.00 19.00 111 18.50 48.50
20.00 22.00 21.00 113 18.83 67.33
22.00 24.00 23.00 126 21.00 88.33
24.00 26.00 25.00 67 11.17 99.50
26.00 28.00 27.00 1 0.17 99.67
28.00 30.00 29.00 2 0.33 100.00

30.00

25.00

20.00

I
i -  15.00

lb£
10.00

5.00 

0.00

15.00 17.00 19.00 21.00 23.00 25.00 27.00 29.00 

Particle size (micrometer)

Figure A25 %Frequency distribution and cumulative %frequency plot of 1:2:8:4
n ife d ip in e :E u d ra g it R S 10 0 :P V P  K 3 0 :c u rc u m in .
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Table A28 Median diameter (pm) of nifedipine microspheres with varied polymer 
ratio

Drug-polymer ratio Eudragit RS100 PVP K30

1:1 16.81 12.57
1:3 17.63 14.93
1:5 18.77 13.99
1:10 18.1 12.5



APPENDICES B

Photodegradation data

and summary of coefficient of determinations of zero-order, first-order, 
second-order and third-order kinetics.
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Effects of PVP K30 content and inlet air temperature

Table B1 Photodegradation data of 1:0:10 nifedipine:Eudragit RS100:PVP K30 
microspheres, spray dried with inlet air temperature 55 °c.

Tim e
(h)

C o n tro l
% n ifed ip ine R em ain ing เท (%  n ifed ip in e  R em ain in g )

No 1 No. 2 No. 3 No. 1 No. 2 No 3

0 8.34 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.32 100.48 100.48 100.48 4,51 4.54 4.54

1 8,46 90.97 93.39 93.94 4.48 4.48 4.48
2 8.38 88.15 88.45 88.11 4.36 4.34 4.35
4 8.41 78.28 77.04 77.13 4.15 4.13 4.14
6 8.50 63.71 61.89 62.82 3.91 3.92 3.93
8 8.48 49.76 50.44 51.02 3,62 3.64 3,66
10 8.44 37.37 37.97 38.95 3.37 3.37 3.40
12 8.41 29.17 29.08 29.87 3.27 3.29 3.28
14 8.34 26.20 26,89 26.64 2.92 2.93 2.94
16 8.45 18.59 18.68 18.92 2.68 2.68 2.68
20 8 37 14.63 14.56 14.57 2.17 2.20 2.20
24 8.36 8.78 8.99 9.04 2.08 2.08 2.13
30 8.43 8.47 8.06 8.09 2.14 2.09 2.09
36 8.44 7.99 7.28 9.11 2.08 1.98 2.21
48 8.43 8.48 8.46 8.30 2.14 2.13 2.12
72 8.46 8.10 8.48 7.67 2.09 2.14 2.04
96 8.39 7.93 8.04 8.55 2.07 2.08 2.15
120 8.49 7,19 8,97 8.19 1.97 2.19 2.10
144 8.51 7.23 8.55 8.39 1.98 2.15 2.13
168 8.45 8.87 9.51 7.54 2.18 2.25 2.02
192 8.51 7.89 8.74 8.03 2.07 2.17 2.08
216 8.33 8.93 8.96 7.97 2.19 2.19 2.08
264 8.43 7.87 7.55 7.79 2.06 2.02 2.05
312 8.43 8.26 7.75 8.11 2.11 2.05 2.09
360 8.44 8.37 8.33 8.03 2.12 2.12 2.08

F irs t-o rd e r  d e g ra d a tio n  ra te  c o n s ta n t  =  0.1196 h
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T a b le  B2 P h o to d e g r a d a t io n  d a ta  of 1 :0 :10  n ife d ip in e :E u d ra g it  R S 1 0 0 :P V P  K30

m ic r o s p h e re s ,  s p r a y  d r ie d  w ith inlet a ir te m p e ra tu re  65 °c.

Tim e
(h)

C ontro l
% n ifed ip ine R em ain ing เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.34 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.47 93.30 93.34 88.94 4.54 4.54 4.49

1 8.40 88.61 89.91 88.84 4.48 4.50 4.49
2 8.34 79.05 80.29 80.18 4.37 4.39 4.38
4 8.44 64.29 64.09 61.95 4.16 4.16 4.13
6 8.37 49.41 49.55 47.79 3.90 3.90 3.87
8 8.47 37.87 37.96 36.21 3.63 3.64 3.59
10 8.49 28.14 28.56 28.39 3.34 3.35 3.35
12 8.33 24.53 24.20 23.42 3,20 3.19 3.15
14 8.43 19.55 19.41 19.51 2.97 2.97 2.97
16 8.40 14.68 14.99 14.53 2.69 2.71 2.68
20 8.45 9.22 9.05 9.00 2.22 2.20 2.20
24 8.51 6.92 6.88 6.79 1.93 1.93 1.92
30 8.34 7.10 8.00 8.16 1.96 2.08 2.10
36 8.41 6.57 7.42 6.71 1.88 2.00 1.90
48 8.44 8.40 7.30 7.56 2.13 1.99 2.02
72 8.33 6.34 5.98 7.04 1.85 1.79 1.95
96 8.40 7.18 7.41 8.22 1.97 2.00 2.11
120 8.43 7.37 10.64 6.99 2.00 2.36 1.94
144 8.44 7.44 6.97 6.32 2.01 1.94 1.84
168 8.41 8.50 7.93 8.17 2.14 2.07 2.10
192 8.46 7.41 8.79 6.11 2.00 2.17 1.81
216 8.46 6.92 9.54 6.86 1.93 2.26 1.93
264 8.45 6.96 7.42 7.22 1.94 2.00 1.98
312 8.50 7.38 7.74 7.42 2.00 2.05 2.00
360 8.34 8.49 6.81 7.37 2.14 1.92 2.00

F irs t-o rd e r  d e g ra d a tio n  ra te  c o n s ta n t  = 0 .1 2 0 1  h
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T a b le  B3 P h o to d e g ra d a t io n  d a ta  of 1 :0 :10  n ife d ip in e :E u d ra g it  R S 10 0 :P V P  K30

m ic r o s p h e re s ,  s p r a y  d r ie d  w ith in le t a ir  t e m p e ra tu re  75 ๐(ว.

Tim e
C ontrol

% n ifed ip ine R em ain in g เท (%  n ifed ip ine  R em ain in g )
(h)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.37 10C.00 100.00 100.00 4.61 4.61 4.61
0.5 ! ; I 8.4j6 I : 84.93 86.77 88.39 4.44 4.46 4.48
1 8.49 80.59 79.80 80.68 4.39 4.38 ' 4.39
2 8.45 73.25 75.72 74.37 4.29 4.33 4.31
4 ' 8.47 62.64 62.71 61.19 4.14 4.14 4.11
6 8.36 44.84 46.11 45.86 3.80 3.83 3.83
8 8.37 36.56 35.82 36.34 3.60 3.58 3.59
10 8.39 29.63 29.84 31.35 3.39 3.40 3,45
12 8.51 23.56 23.76 24.83 3.16 3.17 3.21
14 8,46 17.27 17.20 17.39 2.85 2.85 2.86
15 8.34 14.48 14.26 14.58 2.67 2.66 2.68
20 8.37 8.74 8.68 9.12 2.17 2.16 2.21
24 8.41 5.98 6.02 6.34 1.79 1.80 1.85
30 8.42 8.28 7.14 6.77 2.11 1.97 1.91
36 8.41 6.78 6.65 7.21 1.91 1.89 1.98
48 8.35 7.12 8.04 7.55 1.96 2.08 2.02
72 8.51 7.30 7.68 6.77 1.99 2.04 1.91
96 8.37 7.27 7.36 6.74 1.98 2.00 1.91
120 8.47 8.17 8.58 6.66 2.10 2.15 1.90
144 8.41 6.79 6.43 7.89 1.92 1.86 2.07
168 8.46 8.46 6.58 7.77 2.14 1.88 2.05
192 8.45 7.78 6.84 8.37 2.05 1.92 2.12
216 8.39 6.92 7.59 7.91 1.93 2.03 2.07
264 8.50 6.98 8.23 6.87 1.94 2,11 1.93
312 8.51 7.65 7.65 8.42 2.03 2.03 2.13
360 8.39 6.71 8.11 6.72 1.90 2.09 1.90

F irs t-o rd e r  d e g ra d a tio n  ra te  c o n s ta n t  = 0 .1 2 0 7  h
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T a b l e  B4 P h o t o d e g r a d a t i o n  d a t a  of 1:2:8 n i fe d i p i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet air  t e m p e r a t u r e  55 °c.

Tim e
(h)

C ontrol
% n ifed ip ine R em ain ing เท (%  n ifed ip in e  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.37 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.36 100.48 100,48 100.48 4.49 4.48 4.51

1 8.40 88.78 88.53 90.94 4.39 4.39 4,38
2 8.33 80.73 80.86 80.16 4.29 4.27 4.28
4 8,48 73.20 71.25 71.90 4.09 4.10 ' 4.07
6 8.35 59.83 60.57 58.84 3.79 3.77 3.81
8 8 36 44 08 43.53 45.18 3.58 3.57 3.59
10 8.49 35.88 35.49 36.26 3.40 3.39 3.41
12 8.42 30.06 29.60 30.24 3.14 3.16 3.16
14 8.36 23.07 23.45 23.49 2.92 2.90 2.91
16 8.37 18.46 18.18 18.43 2.76 2.75 2.73
20 8.40 15.87 15.69 15.37 2.24 2.23 2.22
24 8.42 9 39 9.28 9.23 1.81 1.82 1.84
30 8.37 6,23 6.20 5.75 1.83 1.82 1.75
36 8.42 5.92 5.90 6.34 1.78 1.78 1.85
48 8.42 6.49 6.12 5.58 1.87 1.81 1.72
72 8.34 6.32 6.65 5.74 1.84 1.89 1.75
96 8.34 6.56 5.66 5.63 1.88 1.73 1.73
120 8.40 6.37 5.93 5.92 1.85 1.78 1.78
144 8.32 6.39 6.08 5.81 1.85 1.81 1.76
168 8.32 5.73 6.02 6.38 1.75 1.79 1.85
192 8.35 5.62 6.46 5.77 1.73 1.87 1.75
216 8.35 6.08 6.04 5.55 1.81 1.80 1.71
264 8.37 6.07 5.57 6.33 1.80 1.72 1,85
312 8.38 5.64 6.25 6.03 1.73 1.83 1.80
360 8.45 6.40 6.24 5.89 1.86 1.83 1.77

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 9 3  h 1
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T a b l e  B5 P h o t o d e g r a d a t i o n  d a t a  of 1:2:8 n i fe d i p i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet a ir  t e m p e r a t u r e  65  °c.

Tim e
(h)

C ontro l
% n ifed ip ine R em ain ing เท (%  n ifed ip in e  R em ain in g )

No 1 No 2 No. 3 No. 1 No 2 No. 3

0 8.37 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.43 100.74 97,39 97.38 4.61 4.58 4.58
1 8.49 90.51 90.95 91.31 4.51 4.51 4.51
2 8.35 80.13 80.88 80.91 4.38 4.39 4.39
4 8.51 . 64 54 63.45 64.13 4.17 4.15 4.16
6 8.35 52.40 52.46 50.96 3.96 3.96 3.93
8 8.37 39.78 40.31 38.87 3.68 3.70 3.66
10 8.40 29.58 29.89 28.66 3.39 3.40 3.36
12 8.44 23 72 23.96 23.75 3.17 3.18 3.17
14 8.39 18.41 18.79 18.43 2.91 2.93 2.91
16 8.36 14.82 14.58 14.79 2.70 2.68 2.69
20 8.45 8.88 9.01 8.91 2.18 2.20 2.19
24 8.43 7.81 7.85 8.01 2.06 2.06 2.08
30 8.38 7.13 6.34 7.27 1.96 1.85 1.98
36 8.41 6.94 6.75 7.01 1.94 1.91 1.95
46 8.32 6.63 7.46 7.18 1.89 2.01 1.97
72 8.47 6.90 6.76 6,05 1.93 1.91 1.80
96 8.38 7.61 7.24 6.20 2.03 1.98 1.82
120 8.51 6.99 6.56 6.39 1.94 1.88 1.85
144 8.48 6.11 6.70 7.36 1.81 1.90 2.00
168 8.43 7.09 6.69 6.32 1.96 1.90 1.84
192 8.48 6.36 6.92 7.03 1.85 1.93 1.95
216 8.38 5.96 7.47 7.13 1.78 2.01 1.96
264 8.49 6.36 7.74 6.69 1.85 2.05 1.90
312 8.42 6.98 7.41 7.23 1.94 2.00 1.98
360 8.40 7.05 6.70 6.26 1.95 1.90 1.83

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 0 0  h
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T a b l e  B6 P h o t o d e g r a d a t i o n  d a t a  of 1:2:8 n i fe d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet air  t e m p e r a t u r e  75 °c.

Tim e
(h)

C ontro l
%  n ifed ip ine  R em ain ing เท (%  n ifed ip in e  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.33 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.37 85.82 88.12 85.96 4.45 4.48 4.45
1 8.34 81.44 83.83 81.56 4.40 4.43 4.40
2 8.39 70.71 72.87 72.01 4.26 4.29 4.28
4 8.42 60.29 60.01 57.19 4,10 4.09 4.05
6 8.41 44.58 45.11 45.77 3.80 3.81 3.82
8 8.44 35.94 35.68 37.10 3.58 3.57 3.61
10 8.44 29.18 29.22 27.99 3.37 3,37 3.33
12 8.44 22.04 21.62 22.27 3.09 3.07 3.10
14 8.46 19.05 18.58 18.55 2.95 2.92 2.92
16 8,49 14.16 14.34 13.96 2.65 2.66 2.64
20 8.34 9.61 9.63 9.23 2.26 2 2 6 2.22
24 8.40 6.46 6.33 6.29 1.87 1.85 1.84
30 8.49 6.96 9.03 8.53 1.94 2.20 2.14
36 8.43 7.88 8.35 7.36 2.06 2.12 2.00
48 8.40 6.73 9.10 8.89 1.91 2.21 2.19
72 8.37 7.82 7.07 7.50 2.06 1.96 2.01
96 8,49 8.60 7.27 9.11 2.15 1.98 2.21
120 8.41 8,90 8.67 8.34 2.19 2.16 2.12
144 8.37 6.73 9.26 9.56 1.91 2.23 2.26
168 8.35 8.48 8.06 7.24 2.14 2.09 1.98
192 8.35 8.02 7.90 7.06 2.08 2.07 1.95
216 8.45 6.91 9.02 8.09 1.93 2.20 2.09
264 8.42 8.79 8.92 7.74 2.17 2.19 2.C5
312 8.36 8.25 7.52 7.24 2.11 2.02 1.98
360 8.46 8.29 8.75 9.46 2.11 2.17 2.25

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 9 9  h
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T a b l e  B7 P h o t o d e g r a d a t i o n  d a t a  of 1:5:5 n i f ed ip i n e : E u d ra g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet a ir  t e m p e r a t u r e  55 °c.

Tim e
C ontrol

% n ifed ip ine R em ain in g เท (%  n ifed ip ine R em ain in g )

(h) No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.48 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.43 100.48 100.48 100.48 4.50 4.50 4.47

1 8.33 89.99 89.77 87.63 4.42 4.42 4.45
2 8.45 ' 82.89 83.19 85.74 4.26 4.25 4.24
4 8.46 70.97 69.98 69.37 4.05 4.06 4.04

6 8.40 57.38 58,05 56.77 3.82 3.84 3.86
8 8,35 45.74 46.35 47.51 3.61 3.62 3.60
10 8.42 37.02 37,29 36.59 3.36 3.36 3.37
12 8.38 28.66 28.77 28.94 3.15 3.15 3.15
14 8.40 23.22 23.34 23 44 2.89 2.89 2.90
16 8.35 17.92 17.95 18.11 2.69 2.68 2.73
20 8.44 14.75 14.60 15.30 2.27 2.28 2.29
24 8.36 9.70 9.77 9.86 1.95 1.94 1.93
30 8.38 8.47 8,48 8.60 2.14 2.14 2.15
36 8.35 9.93 8.93 8.90 2.30 2.19 2.19
48 8.33 8.48 8.56 9.46 2.14 2.15 2.25
72 8.47 8.84 8.29 9.01 2.18 2.11 2.20
96 8.41 9.39 8.12 8.31 2.24 2.09 2.12
120 8.37 8.20 8.97 9.03 2.10 2.19 2.20
144 8.34 7.58 8.34 8.97 2.03 2.12 2.19
168 8.44 8.42 7.91 7.94 2.13 2.07 2.07

192 8.46 9.42 9,85 9.07 2.24 2.29 2.21
216 8.41 8.63 8.81 9.31 2.16 2.18 2.23
264 8.33 9.26 10.16 8.62 2.23 2.32 2.15
312 8.41 8,81 7.84 8.70 2.18 2.06 2.16
360 8.34 7.77 8.72 9.06 2.05 2.17 2.20

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 7 8  h
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T a b l e  B8 P h o t o d e g r a d a t i o n  d a t a  of 1:5:5 n i f e d ip i n e : E u d r a g i t  R S 1 0 0 :P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet a i r  t e m p e r a t u r e  65  ๐(ว.

Tim e
C ontrol

% n ifed ip ine R em ain in g เท (%  n ifed ip ine  R em ain in g )

(h) No. 1 No. 2 No. 3 No. 1 No 2 No 3

0 8.45 100.00 100.00 100.00 4.61 4.61 4,61
0.5 8.42 87.09 85.05 84.76 4.47 4.44 4.44

1 8.49 81.60 81.02 76.98 4.40 4.39 4.34
2 8.43 71.41 71.05 67.90 4.27 4.26 4.22
4 8.51 53.59 54.73 53.85 3.98 4.00 3.99
6 8,39 44.96 44.95 42.89 3.81 3.81 3.76
8 8.43 35.69 35.61 35.25 3.57 3.57 3.56
10 8.49 27.65 27.45 27.06 3.32 3,31 3.30
12 8.47 23.09 22.63 22.23 3,14 3.12 3.10
14 8.45 17.98 18 18 17.30 2.89 2.90 2.85
16 8.39 14.58 14.27 14.47 2.68 2.66 2.67
20 8.49 8.94 8.94 8.40 2.19 2.19 2.13
24 8.47 5.39 5.30 5.41 1.68 1.67 1.69
30 8.47 3.42 3.40 3.34 1.23 1.22 1.21
36 8.45 4.48 4.94 4.56 1.50 1.60 1.52
48 8.40 4.96 4.81 4,97 1.60 1.57 1.60
72 8.32 4.43 5.05 4.35 1.49 1.62 1.47
96 8.48 4.67 4.96 4.97 1.54 1.60 1.60
120 8.32 4.79 4.86 4.71 1.57 1.58 1.55
144 8.42 4.86 4.68 4.94 1.58 1.54 1.60
168 8.46 4.57 4.81 4.74 1.52 1.57 1.56
192 8.41 4.95 4.41 4.36 1.60 1.48 1.47

216 8.42 5.00 4.32 4.69 1,61 1.46 1.55
264 8.34 4.46 4.78 4.45 1.49 1.56 1.49
312 8.35 4.50 4.37 4.46 1.50 1.48 1.50
360 8.41 4.94 4.48 4.36 1.60 1.50 1.47

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  -  0 .1 2 0 2  เา
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T a b l e  B9 P h o t o d e g r a d a t i o n  d a t a  of 1:5:5 n i f e d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet air  t e m p e r a t u r e  7 5  ๐c .

T im e
C ontrol

% n ifedipine R em ain ing เท (% n ifed ip in e  R em ain in g )

(h) No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.37 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.34 89.22 87.88 87.61 4.49 4.48 4.47

1 8.43 80.51 80.70 80.61 4.39 4.39 4.39

2 8.44 72.57 73.22 74.73 4.28 4.29 4.31

4 8.33 58.00 60.26 59.20 4.06 4.10 4.08

6 8.35 46.45 47.82 46.71 3.84 3.87 3.84

8 8.36 38.65 38.90 37.88 3,65 3.66 3.63

10 8.42 29.59 28.45 29.21 3.39 3.35 3.37

12 8.47 22.18 22.40 23.38 3.10 3.11 3.15

14 8.47 17.31 17.26 17.82 2.85 2.85 2.88

16 8.34 12.97 12.78 12.67 2.56 2.55 2.54

20 8.39 9.25 9.02 9.07 2.22 2.20 2.21

24 8.39 6.55 6.63 6.48 1.88 1.89 1.87

30 8.39 6.78 7.61 6.53 1.91 2.03 1.88

36 8.44 7.51 7.32 7.98 2.02 1.99 2.08

48 8.42 6.41 7.82 7.15 1.86 2.06 1.97

72 8.33 7.02 7.24 7.41 1.95 1.98 2.00

96 8.47 7.11 7.06 6.15 1.96 1.95 1.82

120 8.38 7.66 6.73 6.14 2.04 1.91 1.81

144 8.49 7.99 6.70 7.14 2.08 1.90 1.97

168 8.40 6.65 7.32 7.80 1.89 1.99 2.05

192 8.42 7.41 7.61 7.54 2.00 2.03 2.02

216 8.44 7.14 7.14 7.96 1.97 1.97 2.07

264 8.40 6.74 8.02 7.83 1.91 2.08 2.06

312 8.44 7.49 7.39 6.50 2.01 2.00 1.87

360 8.50 6.93 6.70 6.81 1.94 1.90 1.92

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 0 7  h
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T a b l e  B10  P h o t o d e g r a d a t i o n  d a t a  of 1:8:2 n i fe d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet air  t e m p e r a t u r e  55 ° c .

Tim e
(h)

C ontro l
% n ifed ip ine R em ain ing เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.50 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.47 100.48 100.48 100.48 4.49 4.50 4.54

1 8,33 89.36 89.88 93.85 4.45 4.44 4.49
2 8.43 85.47 84.54 88.73 4.29 4.30 4.32
4 8.46 73.04 73.94 75.06 4.10 4.09 4.11
6 8.49 60.26 59.82 60.95 3.85 3.88 3.87
8 8.44 47.19 48.53 48.12 3.60 3.61 3.62
10 8.37 36.65 36.80 37.46 3.37 3.37 3.37
12 8.50 28.97 29,20 29.06 3.19 3.19 3.22
14 8.37 24.29 24.20 25.12 2.86 2.86 2.92
15 8.48 17.49 17.48 18.50 2.72 2.72 2.73
20 8.37 15.13 15.15 15.41 2.22 2.24 2 23
24 8.32 9.21 9.40 9.29 1.84 1.83 1.82
30 8.47 7.87 7.01 7.38 2.06 1.95 2.00
36 8.34 7.07 6.55 7.43 1.96 1.88 2.01
48 8.37 6.59 7.46 7.86 1.89 2.01 2.06
72 8.50 6.72 6.44 8.01 1.90 1.86 2.08
96 8.37 7.46 6.69 6.78 2.01 1.90 1.91
120 8.44 6.79 6.72 6.99 1.92 1.91 1.94
144 8.33 7.76 6.63 6.63 2.05 1.89 1.89
168 8.45 6.70 7.18 6.37 1.90 1.97 1.85
192 8.44 6.97 6.61 7.88 1.94 1.89 2.06
216 8.49 6.98 7.53 6.25 1.94 2.02 1.83
264 8.40 7.73 6.69 6.76 2.05 1.90 1.91
312 8.43 7.19 6.53 6.71 1.97 1.88 1,90
360 8.42 6.17 7.70 7.11 1.82 2.04 1.96

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 9 0  h
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T a b le  B 11  P h o t o d e g r a d a t i o n  d a t a  of 1:8:2 n i fed ip ine . 'E udra g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet air  t e m p e r a t u r e  6 5  °c.

Tim e
(h)

C ontro l
% n ifed ip ine R em ain ing เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8,36 100.00 100.00 100.00 4,61 4.61 4.61
0.5 8.45 96.33 93.34 93.81 4.57 4.54 4.54
1 8.48 82.99 80.71 84.09 4.42 4.39 4.43
2 8.44 77.46 82.42 76.02 4.35 4.41 4.33
4 8.38 66.26 62.10 63.92 4.19 4.13 4 16
6 8.36 55.78 50.58 48.45 4.02 3.92 3.88
8 8.46 41.77 40.24 41.13 3.73 3.69 3.72
10 8.40 32.46 33.30 31.83 3.48 3.51 3.46
12 8.35 22.75 25.52 24.53 3.12 3.24 3.20
14 8,33 16.18 17.32 16.27 2.78 2.85 2.79
16 8.35 14.12 15.13 15.15 2.65 2.72 2.72
20 8.39 8.54 9.27 9.12 2.15 2.23 2.21
24 8.37 5.68 5.44 6.00 1.74 1.69 1.79
30 8.46 5.30 5.01 5.51 1.67 1.61 1.71
36 8.50 5.59 4.89 5.53 1.72 1.59 1.71
48 8.36 5.44 5.78 5.41 1.69 1,76 1.69
72 8.37 5.34 5.62 5.33 1.68 1.73 1.67
96 8.38 5.23 6.17 5.53 1.65 1.82 1.71
120 8.46 5.43 5.62 5.25 1.69 1.73 1.66
144 8.37 5.58 5.44 5.56 1.72 1.69 1.72
168 8.33 5.43 5.21 5.27 1.69 1.65 1.66
192 8.48 5 66 5.79 5.70 1.73 1.76 1.74
216 8.39 5.79 5.83 5.35 1.76 1.76 1.68
264 8.41 5.25 5.43 5.55 1.66 1.69 1.71
312 8.37 5.88 5.27 5.19 1.77 1.66 1.65
360 8.37 5.03 5.16 5.65 1.62 1.64 1.73

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 9 9  h
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T a b le  B 1 2  P h o t o d e g r a d a t i o n  d a t a  of 1:8:2 n i fe d i p i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet a i r  t e m p e r a t u r e  75 °c.

T im e
(h)

C ontrol
% n ifedipine R em ain in g เท (%  n ifed ip in e  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.51 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.34 88.82 88.63 92.65 4.49 4.48 4.53
1 8.42 83.27 84.21 81.83 4.42 4.43 4.40
2 8.37 79.03 77.22 76.20 4.37 4.35 4.33
4 8.47 60.59 60.85 59.59 4.10 4.11 4.09
6 8.39 45.70 45.58 45.53 3.82 3.82 3.82
8 8.38 36.16 36.61 38.16 3.59 3.60 3.64
10 8,34 28.52 28.72 29.13 3.35 3.36 3.37
12 8.34 22.66 22.99 22.29 3.12 3.14 3.10
14 8.39 18.07 18.08 18.93 2.89 2.90 2,94
16 8.37 14.26 14.11 14.09 2.66 2.65 2.65
20 8.33 9.43 9.67 9.36 2.24 2.27 2.24
24 8.47 6.12 6.07 5.96 1.81 1.80 1.79
30 8.39 6.57 6.51 7.83 1.88 1.87 2.06
36 8.38 8.19 8.41 6.88 2.10 2.13 1.93
48 8.45 6.84 6.97 6.72 1.92 1.94 1.90
72 8.39 7.67 7.80 8.50 2.04 2.05 2.14
96 8.37 6.90 7.80 6.98 1.93 2.05 1.94
120 8.33 7.05 7.73 6.86 1.95 2.05 1.93
144 8.49 8.32 7.04 7.83 2.12 1.95 2.06
168 8.49 6.99 6.53 7.13 1.94 1.88 1.96
192 8.46 7.05 7.41 7.73 1.95 2.00 2.05
216 8.35 8.19 7.48 7.94 2.10 2.01 2.07
264 8.43 8.22 7.36 7.79 2.11 2.00 2,05
312 8,44 8.13 7.47 7.23 2.10 2.01 1.98
360 8.47 7.79 6.88 7.31 2.05 1.93 1.99

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 0 3  h
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T a b l e  B1 3  P h o t o d e g r a d a t i o n  d a t a  of 1:10:0 n i f e d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet air  t e m p e r a t u r e  55 °c.

T im e
(h)

C on tro l
% n ifed ip ine R em ain ing เท (%  n ifed ip in e  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.46 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.44 100.48 100.48 100.48 4.47 4.46 4.46
1 8.36 87.02 86.64 86.53 4,43 4.44 4.48
2 8.34 83.70 84.43 87.95 4.29 4.26 4.29
4 8.36 72.70 71.04 72.88 4.07 4.06 4.08
6 8.41 58.45 58.13 59.29 3.83 3.82 3.80
8 8.40 46.17 45.79 44,82 3.64 3.67 3.67
10 8.32 38.17 39.34 39.19 3.43 3.46 3.45
12 8.39 30.91 31.79 31.61 3.22 3.25 3.24
14 8.34 25.02 25.77 25.49 2.97 2.96 2.97
16 8.33 19.42 19.29 19.47 2.86 2.84 2.86
20 8.45 17.47 17.07 17.44 2.47 2.44 2.45
24 8.48 11.78 11.51 11.62 2.01 2.03 2.05
30 8.39 7.67 7.59 7.25 2.04 2.03 1.98
36 8.48 8.11 7.51 7.39 2.09 2 0 2 2.00
48 8.38 6.70 8.21 7.69 1.90 2.11 2.04
72 8.43 8.57 7.94 7.65 2.15 2.07 2.03
96 8.46 7.33 7.55 8.34 1.99 2.02 2.12
120 8.35 7.43 7.28 7.25 2.01 1.99 1.98
144 8.49 7.22 7.90 7.22 1.98 2.07 1.98
168 8.39 7.63 7.57 7.13 2.03 2.02 1.96
192 8.43 7.87 6.94 7.99 2.06 1.94 2.08
216 8.51 8.39 6.86 8.33 2.13 1.93 2.12
264 8.43 7.67 7.08 7.23 2.04 1.96 1.98
312 8.47 8.08 7.91 8.11 2.09 2.07 2.09
360 8.33 7.86 7.22 7.01 2.06 1.98 1.95

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 1 3 7  h
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T a b l e  B14 P h o t o d e g r a d a t i o n  d a t a  of 1:10:0 n i f e d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet air  t e m p e r a t u r e  6 5  ๐(ว.

Tim e
(h)

C ontro l
% n ifedipine R em ain ing เท (%  n ifed ip in e  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.50 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.44 92.22 90.35 90.21 4.52 4.50 4.50

1 8.38 89.88 88.07 89.42 4.50 4.48 4.49
2 8.38 79.43 79.30 78.40 4.37 4.37 4.36
4 8.49 61.97 61.14 59.75 4.13 4.11 4.09
6 8.40 49.99 48.79 49.14 3.91 3.89 3.89
8 8.44 41.39 41.77 40.64 3.72 3.73 3.70
10 8.46 32.65 32.00 31.40 3.49 3.47 3.45
12 8.40 24,50 25,07 24.04 3.20 3.22 3.18
14 8.45 19.58 19.38 19.52 2.97 2.96 2.97
16 8.44 15.89 15.73 15.77 2.77 2.76 2.76
20 8.36 10.08 9.97 9.58 2.31 2.30 2.26
24 8.41 9.09 9.01 9.11 2.21 2.20 2.21
30 8.51 9.53 8.91 9.42 2.25 2.19 2.24
36 8.36 10.35 9.15 10.93 2.34 2.21 2.39
48 8.33 10.05 8.56 10.81 2.31 2.15 2.38
72 8.37 10.35 10.35 9.37 2.34 2.34 2.24
96 8.44 10.38 9.31 9.73 2.34 2.23 2.28
120 8.44 9.45 9.86 10.79 2.25 2.29 2.38
144 8.37 9.36 9.39 9.89 2.24 2.24 2.29
168 8.44 9.71 9.69 10.11 2.27 2.27 2.31
192 8.46 10.47 10.38 10.51 2.35 2.34 2.35
216 8.39 10.16 9.99 9.37 2.32 2.30 2.24
264 8.50 9.87 10.11 10.68 2.29 2.31 2.37
312 8.42 10.00 8.94 9.86 2.30 2.19 2.29
360 8.46 8.93 9.45 10.41 2.19 2.25 2.34

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 6 1  h
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T a b l e  B15 P h o t o d e g r a d a t i o n  d a t a  of 1 :10 :0 n i fe d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  s p r a y  d r i e d  with inlet a i r  t e m p e r a t u r e  75 °c.

Tim e
(h)

C ontrol
% n ifed ip ine R em ain ing เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.51 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.43 90.83 91.45 93.24 4.51 4.52 4.54

1 8.44 86.34 86.42 92.07 4.46 4.46 4.52
2 8.44 74.17 75.82 73.35 4.31 4.33 4.30
4 8.37 63.15 62.80 66.32 4.15 4.14 4.19
6 8.35 47.41 45.59 46.60 3.86 3.82 3.84
8 8.35 42.87 42.25 42.44 3.76 3.74 3.75
10 8.37 32.43 31.94 32.03 3.48 3.46 3.47
12 8.39 26.52 26.12 27.09 3.28 3.26 3.30
14 8.38 20.48 20.51 20.48 3.02 3.02 3.02
16 8.35 15.91 15.84 16,13 2.77 2.76 2.78
20 8.47 9.76 9.84 9.72 2.28 2.29 2.27
24 8.42 5.76 5,85 6.00 1.75 1.77 1.79
30 8.40 4.60 4.54 4.94 1.53 1.51 1.60
36 8.40 4.46 4.96 4.98 1.49 ■ 1.60 1.61
48 8.42 4.64 5.13 4.54 1.54 1.63 1.51
72 8.43 4.93 4.29 4.56 1.60 1.46 1.52
96 8.35 4.16 5.19 4.29 1.43 1.65 1.46
120 8.44 5.06 4.80 5.00 1.62 1.57 1.61
144 8.32 4.38 4.14 4.75 1.48 1.42 1.56
168 8.45 5,24 4.83 5.05 1.66 1.58 1.62
192 8.33 4.67 4.33 4.70 1.54 1.47 1.55
216 8.50 4.26 4.60 4.87 1.45 1.53 1.58
264 8.48 4.97 4.25 4.94 1.60 1.45 1.60
312 8.47 4.43 4.68 4.62 1.49 1.54 1.53
360 8.37 4.52 4.09 4.58 1.51 1.41 1.52

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 5 9  h
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Table B16 Coefficient of determinations (R2) of zero-order, first-order, second-order 
and third-order kinetics of photodegradation of nifedipine microspheres 
with varied mixing ratios and spray dried at varied inlet air temperature

Formula Inlet air temp. (°C) Zero-order First-order Second-order Third-order

FT 0.6731 0.9968 0.8934 0.6081
55 SE 11.1730 4.809 E-02 1.150 E-02 2.697 E-03

F 249.545 10470.068 308.082 78.496
FT 0.8798 0.9827 0.9253 0.8014

1:0:10 65 SE 8.8006 2.435 E-02 8.928 E-03 16.21 E-03
F 408.856 32659.795 281.784 74.415

R' 0.8900 0.9952 0.8257 0.5898
75 SE 10.6441 4.652 E-02 1.922 E-02 5.064 E-03

F 309.046 13500.934 173.513 54.918
R; 0.9033 0.9960 0.8813 0 7 0 1 7

55 SE 11.5055 3.408 E-02 1.584 E-02 4.214 E-03
F 206.321 25337.337 251.591 71.397

R" 0.8972 0.9968 0.8506 0.6320
1:2:8 65 SE 10.7913 6.252 E-02 1.890 E-02 5.266 E-03

F 313.356 8110.089 206.410 61.927
R: 0.8940 0.9930 0.8440 0.6159

75 SE 11.6466 3.432 E-02 1.615 E-02 4.478 E-03
F 252.609 25371.535 252.002 68.569

R: 0.9210 0.9956 0.8785 0.6996
55 SE 11.6949 5.048 E-02 1.242 E-02 3.167 E-03

F 236.029 10724.168 346.674 89.881
R‘ 0.8149 0.9948 0.8516 0.6235

1:5:5 65 SE 13.9090 6.235 E-02 3.216 E-02 1.434 E-02
F 170.5730 11323.728 215.308 68.681

R- 0.9247 0.9894 0 8 5 6 0 0.6772
75 SE 11.2918 6.615 E-02 1.351 E-02 3.541 E-03

F 258.979 7764,769 344.805 94.657
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Table B16 (cont.) Coefficient of determinations (R2) of zero-order, first-order, second- 
order and third-order kinetics of photodegradation of nifedipine 
microspheres with varied mixing ratios and spray dried at varied inlet 
air temperature

Formula Inlet air temp. (°C) Zero-order First-order Second-order Third-order

R- 0.8621 0.9954 0.8930 0.6941
55 SE 11.4809 3.089 E-02 1.615 E-02 4.304 E-03

F 245.022 19645.244 239.804 69.089
R- 0.8853 0.9878 0.9430 0.7753

1:8:2 65 SE 9.3847 2.322 E-02 1.041 E-02 2.040 E-03
F 401.985 40669.771 255.299 67.646
R 0.9180 0.9938 0.8707 C.6871

75 SE 11.5378 4.431 E-02 1.451 E-02 3.097 E-03
F 242.424 14551.288 290.864 77.827

R: 0.9245 0.9952 0.5649 0.6463
55 SE 8.9558 3.808 E-02 1.084 E-02 2.075 E-03

F 406.996 14409.295 229.292 64.586
R- 0.9092 0.9980 0.8987 0.6946

1:10:0 65 SE 9.4353 2.959 E-02 1.002 E-02 1.965 E-03
F 373.008 23952.075 262,883 68.045

R: 0 9 1 2 4 0.9914 0.8823 0.7181
75 SE 11.0750 4.505 E-02 1.612 E-02 4.318 E-03

F 268.206 14620.970 258.397 75.675

Critical F value 4.10
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Effect of microsphere particle size

Table B17 Photodegradation data of 1:2:8 nifedipine:Eudragit RS100:PVP K30 
microspheres, particle size 6.35 pirn.

T im e
C ontrol

% n ifedipine R em ain ing เท (%  n ifed ip in e  R em ain in g )

(h)
No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8,47 100.00 100.00 100.00 4.61 4.61 4,61
0.5 8.32 92.66 92.13 90.72 4.53 4.52 4.51

1 8.33 83.41 83.59 84.79 4.42 4.43 4.44
2 8.42 73.62 74.89 74.82 4,30 4.32 4.32
4 8.35 58.08 58.18 55.96 4.06 4.06 4.02
6 8.36 43.88 43.60 42.66 3.78 3.78 3.75
8 8.49 33.49 33.63 34,24 3.51 3.52 3.53
10 8.49 27.86 27.20 27.10 3.33 3.30 3.30
12 8.38 22.65 22.68 22.61 3.12 3.12 3.12
14 8.46 17.78 18.16 18.05 2.88 2.90 2.89
16 8.43 15.48 15.40 15.58 2.74 2.73 2.75
20 8.35 8,98 9.14 8.96 2.20 2.21 2.19
24 8.47 5.79 5.86 5.62 1.76 1.77 1.73
30 8.43 5.99 5.91 5.98 1.79 1.78 1.79
36 8.37 5.94 5.93 5.80 1.78 1.78 1.76
48 8.40 6.02 6,02 6.01 1.79 1.79 1.79
72 8.50 5.70 5.63 5.68 1.74 1.73 1.74
96 8.42 5.86 5.83 5.92 1.77 1.76 1.78
120 8.42 6.05 6.05 5.91 1.80 1.80 1.78
144 8.45 6.01 6.00 6.09 1.79 1.79 1.81
168 8.44 5.81 5.81 5.79 1.76 1.76 1.76
192 8.42 5.90 5.83 5.72 1.77 1.76 1.74
216 8.42 5.99 5.94 5.95 1.79 1.78 1.78
264 8.45 5.99 5.96 5.92 1.79 1.79 1.78
312 8.50 5.69 5.63 5.73 1.74 1.73 1.75
360 8.36 5.88 5.97 5.93 1.77 1.79 1.78

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 1 9  เา
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T a b l e  B18  P h o t o d e g r a d a t i o n  d a t a  of 1:2:8 n i fe d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s ,  p a r t i c l e  s i z e  14 .50  pm.

Tim e
(h)

C ontro l
% n ifed ip ine  R em ain in g เท (%  n ifed ip in e  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.45 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.38 96.33 93.34 93.81 4.57 4.54 4.54

1 8.40 82.99 80.71 84.09 4.42 4.39 4.43
2 8.43 77.46 82.42 76.02 4.35 4.41 4.33
4 8.44 66.26 62.10 63.92 4.19 4.13 4.16
6 8.40 55.78 50.58 48.45 4.02 3.92 3.88
8 8.41 41.77 40.24 41.13 3.73 3.69 3.72
10 8.44 32.46 33.30 31.83 3.48 3.51 3.46
12 8.47 22.75 25.52 24.53 3.12 3.24 3.20
14 8.32 16.18 17.32 16.27 2.78 2.85 2.79
16 8.47 14.12 15.13 15.15 2.65 2.72 2.72
20 8.50 8.54 9.27 9.12 2.15 2.23 2.21
24 8.42 5.68 5.44 6.00 1.74 1.69 1.79
30 8.50 5.30 5.01 5.51 1.67 1.61 1.71
36 8.47 5.59 4.89 5.53 1.72 1.59 1.71
48 8.36 5.44 5.78 5.41 1.69 1.76 1.69
72 8.37 5.34 5.62 5.33 1.68 1.73 1.67
96 8.44 5.23 6.17 5.53 1.65 1.82 1.71
120 8.49 5.43 5.62 5.25 1.69 1.73 1.66
144 8.35 5.58 5.44 5.56 1.72 1.69 1.72
168 8.37 5.43 5.21 5.27 1.69 1.65 1.66
192 8.33 5.66 5.79 5.70 1.73 1.76 1.74
216 8.33 5.79 5.83 5.35 1.76 1.76 1.68
264 8.39 5.25 5.43 5.55 1.66 1.69 1.71
312 8.44 5.88 5.27 5.19 1.77 1.66 1.65
360 8.42 5.03 5.16 5.65 1.62 1.64 1.73

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 9 9  h
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T a b le  B 19 P h o to d e g ra d a t io n  d a ta  of 1 :2 :8  n ife d ip in e :E u d ra g it  R S 10 0 :P V P  K30

m ic r o s p h e re s ,  p a r tic le  s iz e  2 5 .2 7  |j.m.

T im e

(h )
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

N o . 1 No. 2 N o . 3 N o . 1 N o . 2 No. 3

0 8.51 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.49 92.14 92.75 93.38 4.52 4.53 4.54

1 8.45 87.54 87.99 86.55 4.47 4.48 4.46

2 8.49 79.00 80.41 77.74 4.37 4.39 4.35

4 8.46 64.13 63.01 63.16 4.16 4.14 4,15

6 8.35 49.83 50.26 51.11 3.91 3.92 3.93

8 8.46 41.58 41.77 41.69 3.73 3.73 3.73

10 8.42 33.89 33.40 34.07 3.52 3.51 3.53

12 8.46 28.46 28.57 27.64 3.35 3.35 3.32

14 8.44 23.52 23.24 23.24 3.16 3.15 3.15

16 8.50 19.86 19.45 19.18 2.99 2.97 2.95

20 8.50 12.67 12.57 12.42 2.54 2.53 2.52

24 8.38 9.01 9.16 9.18 2 .20 2.21 2.22

30 8.35 9.07 9.29 9.40 2.21 2.23 2.24

36 8.35 9.68 9.63 9.21 2.27 2.27 2.22

48 8.46 9.22 9.17 9.33 2.22 2.22 2.23

72 8.38 9.09 9.01 10.64 2.21 2.20 2.36

96 8.40 9.33 9.36 8.68 2.23 2.24 2.16

120 8.39 9.22 9.32 9.30 2.22 2.23 2.23

144 8.49 9.41 9.17 9.99 2.24 2.22 2.30

168 8.33 9.44 9.58 7.96 2.25 2 .26 2.07

192 8.42 9.38 9.44 8.94 2.24 2.24 2.19

216 8.39 9.67 9.60 7.55 2.27 2.26 2.02

264 8.35 9.28 9.46 9.03 2.23 2.25 2.20

312 8.35 9.54 9.58 8.75 2.26 2.26 2.17

360 8.34 8.97 8.94 10.02 2.19 2.19 2.30

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 0 3 6  h
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T a b le  B 2 0  P h o to d e g ra d a t io n  d a ta  of 1:2 :8  n ife d ip in e :E u d ra g it  R S 1 0 0 :P V P  K30

m ic r o s p h e re s ,  p a r tic le  s iz e  38 .31 p m .

T im e

(h )
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

No. 1 No. 2 No. 3 N o . 1 N o . 2 N o . 3

0 8.39 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.46 94.63 99.58 95.49 4.55 4.60 4.56

1 8.46 89.79 91.84 93.93 4.50 4.52 4.54

2 8.47 85.51 90.02 89.25 4.45 4.50 4.49

4 8.37 72.97 70.11 73.70 4.29 4.25 4.30

6 8.43 61.12 62.18 59.57 4.11 4.13 4.09

8 8.35 53.01 53.21 51.18 3.97 3.97 3.94

10 8.42 42.52 44.93 42.73 3.75 3.81 3.75

12 8.35 38.45 34.95 35.40 3.65 3.55 3.57

14 8.43 30.93 30.34 26.20 3.43 3.41 3.27

16 8.45 23.73 24.34 24.08 3.17 3.19 3.18

20 8.35 17 68 16.62 17.58 2.87 2.81 2.87

24 8.48 12.81 12.59 11.55 2 .55 2 .53 2.45

30 8.47 12.60 13.69 11.79 2.53 2.62 2.47

36 8.36 13.37 13.46 10.14 2.59 2.60 2.32

48 8.34 12.36 11.53 12.26 2.51 2 .45 2.51

72 8,33 12.24 12.56 12.20 2.51 2 .53 2 .50

96 8.48 11.90 12.43 12.86 2.48 2 .52 2.55

120 8.37 13.77 12.28 9.87 2.62 2.51 2.29

144 8.48 12.02 12.85 11.43 2.49 2 .55 2.44

168 8.35 12.19 12.34 13.53 2 .50 2.51 2 .60

192 8.44 12.21 13.72 12.12 2 .50 2 .62 2.49

216 8.38 12.66 11.47 11.79 2.54 2.44 2 .47

264 8.36 12.65 12.43 10.98 2.54 2 .52 2.40

312 8,49 12.01 13.37 10.79 2.49 2 .59 2.38

360 8.32 12.09 13.00 11.67 2.49 2 .56 2.46

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 8 7 2  h
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Table ธ21 Coefficient of determinations (R2) of zero-order, first-order, second-order 
and third-order kinetics of photodegradation data of nifedipine 
microspheres (nifedipine:Eudragit RS100:PVP K30 of 1:2:8) of varied 
particle sizes

Median d iam eter (แทา) Zero-order First-order Second-order Third-order

FT 0.8564 0.9972 0.9262 0.8350
6.35 SE 12.4516 4.915 E-02 1.779 E-02 5.061 E-03

F 218.290 12428.812 221.825 62.902
FT 0.8972 0.9968 0.9185 0.8306

14.50 SE 10.7913 6.252 E-02 1.809 E-02 5.266 E-03
F 313.356 8110.089 206.410 61.927
FT 0.8925 0.9986 0.9649 0.9149

25.27 SE 10.4142 3.164 E-02 9.139 E-03 1.814 E-03
F 303.606 22034.138 355.279 93.960
FT 0.9374 0.9988 0.9655 0.9268

38.31 SE 7.9336 3.907 E-02 6.587 E-03 9.712 E-04
F 533.521 11290.907 353.427 98.959

Critical F value 4.10



154

E f fe c t  o f  d r u g - p o ly m e r  r a t io

Table B22 Photodegradation data of 1:1 nifedipine:Eudragit RS100 microspheres.

Time Control
% nifedipine Remaining เท (% nifedipine Remaining)

(h) No. 1 No. 2 No. 3 No. 1 No. 2 No. 3
0 8.36 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.38 95.32 93.15 94.87 4.56 4.53 4.55

1 8.36 88.17 88.12 86.98 4.48 4.48 4.47

2 8.42 79.64 79.98 75.51 4.38 4.38 4.32

4 8.49 63.69 63.03 60.76 4.15 4.14 4.11

6 8.38 47.71 47.16 46.13 3.87 3.85 3.83

8 8.39 38.05 38,62 37.61 3.64 3.65 3.63

10 8.33 29.39 29.50 28.35 3.38 3.38 3.34

12 8.40 23.02 22.63 22.29 3.14 3.12 3.10

14 8.44 17.49 17.99 17.43 2.86 2.89 2 .86

16 8.46 13.52 13.41 13.87 2.60 2.60 2.63

20 8.32 9.25 9.14 8.96 2.22 2.21 2.19

24 8.36 6.12 6.10 5.76 1.81 1.81 1.75

30 8.49 6.71 6.32 6.66 1.90 1.84 1,90

36 8.47 6.32 6.57 6.70 1.84 1.88 1.90

48 8.49 6.57 6.39 6.16 1.88 1.86 1.82

72 8.37 6.93 6.71 6.97 1.94 1.90 1.94

96 8.50 6.53 6.89 6.11 1.88 1.93 1.81

120 8.34 6.17 6.90 6.79 1.82 1.93 1.92

144 8.45 6.26 6.43 6.06 1.83 1.86 1.80

168 8.41 6.99 6.80 6.34 1.94 1.92 1.85

192 8.47 6.24 6.44 6.78 1.83 1.86 1.91

216 8.33 6.68 6.33 6.12 1.90 1.85 1.81

264 8.38 6.64 6.42 6.63 1.89 1.86 1.89

312 8.41 6.26 6.33 6.86 1.83 1.85 1.93

360 8.50 6.26 6.85 6.00 1.83 1.92 1,79

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 1 1  h
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T a b le  ธ 2 3  P h o to d e g ra d a t io n  d a ta  of 1:3 n ife d ip in e .'E u d ra g it R S 1 0 0  m ic r o s p h e re s .

T im e
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

(h )
N o . 1 N o . 2 N o . 3 N o . 1 N o . 2 N o . 3

0 8.47 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.37 97.49 97.16 92.20 4.58 4.58 4.52

1 8.47 91.42 90.07 91.28 4.52 4,50 4.51

2 8.35 79.53 80.33 79.66 4.38 4.39 4.38

4 8.45 60.94 62.13 61.62 4.11 4.13 4.12

6 8.45 48.83 49.38 48.53 3.89 3.90 3.88

8 8.34 36.86 37.03 37.01 3.61 3.61 3.61

10 8.45 29.28 29 71 30.01 3.38 3.39 3.40

12 8.50 24.15 24.39 23.61 3.18 3.19 3.16

14 8.37 17.74 17.72 17.45 2.88 2.87 2.86

16 8.32 14.45 14.38 13.65 2.67 2.67 2.61

20 8.45 8.70 8.67 8.39 2 .16 2.16 2.13

24 8.50 6.18 6.02 6.13 1.82 1.80 1.81

30 8.36 7.15 6.98 7.03 1.97 1.94 1.95

36 8.49 6.95 6.77 6.79 1.94 1.91 1.92

48 8.44 6.92 6.80 6.68 1.93 1.92 1.90

72 8.39 7.08 7.00 7.09 1,96 1.95 1.96

96 8.36 6.48 6.69 6 .59 1.87 1.90 1.88

120 8.41 7.06 6.88 7.13 1.95 1.93 1.96

144 8.45 6.63 6.60 6.84 1.89 1.89 1.92

168 8.34 7.21 7.12 7.33 1.98 1.96 1.99

192 8.49 7.49 7.39 7.04 2.01 2 .00 1.95

216 8.41 7.10 7.26 7.24 1.96 1.98 1.98

264 8.40 6.59 6.60 6.95 1.89 1.89 1.94

312 8.51 6.76 6.75 6.29 1.91 1.91 1.84

360 8.38 6.95 7.11 6.81 1.94 1.96 1.92

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 0 6  h
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T a b le  B 24 P h o to d e g r a d a t io n  d a ta  of 1:5 n ife d ip in e :E u d ra g it  R S 1 0 0  m ic r o s p h e r e s .

T im e

(h )
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

No. 1 No. 2 No. 3 N o . 1 N o . 2 N o . 3

0 8.45 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.36 91.75 92.32 91.44 4.52 4.53 4.52

1 8.45 84.34 84.78 85.21 4.43 4.44 4.45

2 8.45 73.83 75.09 72.21 4.30 4.32 4.28

4 8.42 62.26 60.57 60.02 4.13 4.10 4.09

6 8.43 46.34 47.66 46.98 3.84 3.86 3.85

8 8.36 36.48 35.43 35.73 3.60 3.57 3.58

10 8.34 29.10 28.85 27.58 3.37 3.36 3.32

12 8.36 22.82 22.25 22.20 3.13 3.10 3.10

14 8.41 18,46 18.17 18.44 2.92 2 .90 2.91

16 8.46 14.61 14.77 14.37 2.68 2 .69 2.67

20 8.37 9.49 9.42 9.55 2.25 2.24 2.26

24 8.34 6.46 6.61 6.58 1.87 1.89 1.88

30 8.35 7.85 7.98 7.50 2.06 2.08 2.01

36 8.37 7.97 7.53 7.39 2.08 2.02 2 .00

48 8.39 7.66 7.59 7.43 2.04 2.03 2.00

72 8.40 8.00 7.43 7.89 2.08 2 .00 2.07

96 8.49 7,60 7.22 8.21 2.03 1.98 2.11

120 8.34 8.70 7.21 7.78 2.16 1.98 2.05

144 8.34 7.24 8.03 7.63 1.98 2.08 2.03

168 8.46 7.17 8.09 8.39 1.97 2 .09 2.13

192 8.40 7.30 7 2 2 8.81 1.99 1.98 2 .18

216 8.47 7.23 7.26 8.85 1.98 1.98 2.18

264 8 37 7 97 7.94 7.87 2,08 2 0 7 2.06

312 8.47 8,47 7.71 7.05 2.14 2.04 1.95

360 8.36 8.34 7.17 7.80 2.12 1.97 2.05

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 9 1  h 1
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T a b le  B 2 5  P h o to d e g r a d a t io n  d a ta  of 1:10 n ife d ip in e :E u d ra g it  RSIOO m ic r o s p h e re s .

T im e
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

(h )
N o . 1 N o . 2 No. 3 N o . 1 N o . 2 N o . 3

0 8.50 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.39 92.22 90.35 90.21 4.52 4.50 4.50

1 8.34 89.88 88.07 89.42 4.50 4.48 4,49

2 8.47 79.43 79.30 78.40 4.37 4.37 4.36

4 8.39 61.97 61.14 59.75 4.13 4.11 4.09

6 8.49 49.99 48.79 49.14 3.91 3.89 3.89

8 8.51 41.39 41.77 40.64 3.72 3.73 3.70

10 8.48 32.65 32.00 31.40 3.49 3.47 3.45

12 8.38 24.50 25.07 24.04 3.20 3.22 3.18

14 8.45 19.58 19.38 19.52 2.97 2.96 2.97

16 8 .32 15.89 15.73 15.77 2.77 2.76 2.76

20 8.41 10.08 9.97 9.58 2.31 2,30 2 .26

24 8.45 9.09 9.01 9.11 2.21 2 .20 2.21

30 8.36 9.53 8.91 9.42 2.25 2 .19 2.24

36 8.41 10.35 9.15 10.93 2.34 2.21 2 .39

48 8.35 10.05 8.56 10.81 2.31 2.15 2.38

72 8.37 10.35 10.35 9.37 2.34 2.34 2.24

96 8.45 10.38 9.31 9.73 2.34 2.23 2.28

120 8.39 9.45 9.86 10.79 2.25 2 .29 2 .38

144 8.40 9.36 9.39 9.89 2.24 2.24 2.29

168 8.32 9.71 9.69 10.11 2.27 2.27 2.31

192 8.46 10.47 10.38 10.51 2.35 2.34 2.35

216 8.46 10.16 9.99 9.37 2.32 2 .30 2.24

264 8.42 9.87 10.11 10.68 2.29 2.31 2.37

312 8.38 10.00 8.94 9.86 2.30 2.19 2.29

360 8.43 8.93 9.45 10.41 2.19 2 2 5 2.34

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 6 1  h
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T a b le  B 26 P h o to d e g r a d a t io n  d a ta  of 1:1 n ifed ip in e :P V P  K30 m ic r o s p h e re s .

T im e
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

(h )
N o . 1 N o . 2 N o . 3 N o . 1 N o . 2 N o . 3

0 8,33 100.00 100,00 100.00 4.60 4.61 4.61

0.5 8.42 94.55 91.52 92.23 4.55 4.52 4.52

1 8.41 86.75 85.95 84.21 4,46 4.45 4.43

2 8.47 75.47 75.56 74.55 4.32 4,32 4.31

4 8.33 60.08 61.56 61.21 4.10 4.12 4.11

6 8.48 48.23 49.35 49.16 3.88 3.90 3.90

8 8.34 36.29 35.44 34.84 3.59 3.57 3.55

10 8.35 27.83 27.69 27.46 3.33 3 32 3.31

12 8.49 23.00 22.63 22.3 I 3.14 3.12 3.10

14 8.34 18.03 17.71 17.71 2.89 2.87 2.87

16 8.43 13.56 13.48 13.76 2.61 2.60 2.62

20 8.36 8.41 8.23 8.11 2.13 2.11 2.09

24 8.33 5.86 6.04 5.89 1.77 1.80 1.77

30 8.36 6.66 6.53 6.57 1.90 1,88 1.88

36 8.39 6.76 6.73 6.32 1.91 1.91 1.84

48 8.47 6.48 6.62 6.52 1.87 1.89 1.87

72 8.42 6.66 6.56 6.80 1.90 1.88 1.92

96 8.37 6.80 6.78 6,44 1.92 1.91 1.86

120 8.37 6.63 6.37 6.47 1.89 1.85 1.87

144 8.39 6.56 6.64 6.82 1.88 1,89 1.92

168 8.42 6.65 6.62 6.39 1.90 1.89 1.86

192 8.39 6.58 6.37 6.43 1.88 1.85 1.86

216 8.35 6.41 6.34 6.75 1.86 1.85 1.91

264 8.37 6.71 6.52 6.75 1.90 1.87 1.91

312 8.43 6.70 6.53 6.72 1.90 1.88 1.91

360 8.38 6.67 6.47 6.68 1.90 1.87 1.90

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 2 9  h
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T a b le  ธ 2 7  P h o to d e g ra d a t io n  d a ta  of 1:3 n ifed ip in e :P V P  K30 m ic r o s p h e r e s .

T im e
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

(h )
N o . 1 N o . 2 N o . 3 N o . 1 N o . 2 No. 3

0 8.35 100.00 100.00 100.00 4.63 4.61 4.61

0.5 8.50 95.57 96.69 91.70 4.56 4.57 4.52

1 8.39 92.00 92.00 88.80 4.52 4.52 4.49

2 8.35 83.65 82.01 81.17 4.43 4.41 4.40

4 8,40 65.05 63.32 63.86 4.18 4.15 4.16

6 8.35 50.41 51.87 50.45 3.92 3.95 3,92

8 8.51 41.05 40.39 41.12 3.71 3.70 3.72

10 8 40 28.99 28.65 29.60 3.37 3.36 3.39

12 8.35 24.32 24.05 24 .50 3.19 3.18 3.20

14 8.47 19.01 19.19 19.12 2 .95 2 .95 2.95

16 8.43 13.83 14.07 13.72 2 .63 2.64 2 .62

20 8.41 8.32 8.50 8.18 2 .12 2.14 2.10

24 8.49 8.54 8.56 8.40 2.14 2 .15 2.13

30 8.40 7.92 8.04 8.05 2.07 2 .08 2.09

36 8.47 8.37 8.33 8.05 2.12 2 .12 2,09

48 8.45 8.45 8.29 8.25 2 .13 2.12 2.11

72 8.45 8.15 8.36 8.23 2.10 2 .12 2.11

96 8.40 7.89 7.87 8.01 2.07 2 .06 2.08

120 8,36 8.55 8.66 8.55 2.15 2.16 2.15

144 8.32 8.43 8.48 8.08 2.13 2.14 2.09

168 8.37 7.96 8.05 8.25 2.07 2.09 2.11

192 8.36 8.86 8.71 8.70 2.18 2.16 2.16

216 8.33 8.24 8.41 8.09 2.11 2 .13 2.09

264 8.40 8.47 8.63 8.66 2.14 2 .15 2 .16

312 8.49 8.08 8.03 7.90 2.09 2 .08 2.07

360 8.45 8.49 8.68 8.58 2.14 2 .16 2.15

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 1 4  h
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T a b le  B 28 P h o to d e g r a d a t io n  d a ta  of 1:5 n ifed ip in e :P V P  K 30 m ic r o s p h e r e s .

T im e

(h )
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

N o . 1 No. 2 N o . 3 N o . 1 N o . 2 N o . 3

0 8.51 100.00 100.00 100.00 4.61 4,61 4.61

0.5 8.46 95.09 94.66 94.50 4.55 4 .55 4.55

1 8.45 84.32 86.54 85.33 4.43 4.46 4.45

2 8.50 74.81 74.12 73.68 4.31 4,31 4,30

4 8.46 59.53 59.18 58.73 4.09 4.08 4.07

6 8.42 47.34 47.94 45.73 3.86 3.87 3.82

8 8.37 37.64 38.13 38.51 3.63 3.64 3.65

10 8.36 29.44 29.30 29.37 3.38 3.38 3.38

12 8,40 23.15 22.72 22.09 3.14 3.12 3.10

14 8.37 18.47 17.96 18.15 2 .92 2 .89 2.90

16 8.44 14.43 '14.54 14.17 2.67 2.68 2.65

20 8.33 9.59 9.60 9.15 2.26 2 .26 2.21

24 8.38 5.82 5.68 5.58 1.76 1,74 1.72

30 8.36 6.06 5.63 5.46 1.80 1.73 1.70

36 8.48 5.39 5.99 6.00 1.68 1.79 1.79

48 8.49 5.57 5.61 6.04 1.72 1.72 1.80

72 8.40 5.27 6.17 5.55 1.66 1.82 1.71

96 8.37 5.62 5.86 6.14 1.73 1.77 1.81

120 8.38 6.00 5.66 5.58 1.79 1.73 1.72

144 8.45 5.95 6.01 5.31 1.78 1.79 1.67

168 8.32 5.56 5.92 5.67 1.72 1.78 1.74

192 8.39 5.46 6.01 6.02 1.70 1.79 1.79

216 8.43 5.59 6.43 5.22 1.72 1.86 1.65

264 8.37 5.95 5.89 5.53 1.78 1.77 1.71

312 8.49 5.49 6.01 5.97 1.70 1.79 1.79

360 8.35 5.32 6.05 6.01 1.67 1.80 1.79

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 0 8  h
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T a b le  B 29 P h o to d e g r a d a t io n  d a ta  of 1:10 n ifed ip in e :P V P  K30 m ic r o s p h e r e s .

T im e
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

(h )
N o . 1 No. 2 No. 3 No. 1 N o . 2 N o . 3

0 8.48 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.35 93.30 93.34 88.94 4.54 4.54 4.49

1 8.48 88.61 89.91 88.84 4.48 4.50 4.49

2 8.36 79.05 80.29 80.18 4.37 4.39 4.38

4 8.50 64.29 64.09 61.95 4.16 4.16 4.13

6 8.44 49.41 49.55 47.79 3.90 3.90 3.87

8 8.48 37.87 37.96 36.21 3.63 3.64 3.59

10 8.47 28.14 28.56 28.39 3.34 3.35 3.35

12 8.46 24.53 24.20 23.42 3.20 3.19 3.15

14 8.42 19.55 19.41 19.51 2.97 2.97 2.97

16 8.46 14.68 14.99 14.53 2.69 2.71 2,68

20 8.43 9.22 9.05 9.00 2.22 2 .20 2 .20

24 8.39 6.92 6.88 6.79 1.93 1.93 1.92

30 8.42 7.10 8.00 8.16 1.96 2.08 2.10

36 8.43 6.57 7.42 6.71 1.88 2.00 1.90

48 8.44 8.40 7.30 7.56 2.13 1.99 2 .02

72 8.41 6.34 5.98 7.04 1.85 1.79 1.95

96 8.48 7.18 7.41 8.22 1.97 2 .00 2.11

120 8.50 7.37 10.64 6.99 2.00 2.36 1.94

144 8.42 7.44 6.97 6.32 2.01 1.94 1.84

168 8,38 8.50 7.93 8.17 2.14 2.07 2 .10

192 8.49 7.41 8.79 6.11 2.00 2 .17 1.81

216 8.39 6.92 9.54 6.86 1.93 2.26 1.93

264 8.48 6.96 7.42 7 22 1.94 2 .00 1.98

312 8.44 7.38 7,74 7.42 2 .00 2 .05 2.00

360 8.35 8.49 6.81 7.37 2.14 1.92 2 0 0

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 0 1  h



Table B30 Coefficient of determinations (R2) of zero-order, first-order, second-order 
and third-order kinetics of photodegradation data of nifedipine 
microspheres varied nifedipine:Eudragit RS100 mixing ratios

nifedipine Eudragit RS100 Zero-order First-order Second-order Third-order

FT 0.8989 0.9990 0.9376 0.8673
1 : 1 SE 11.9404 3.741 E-02 1.615 E-02 4.520 E-03

F 259.188 22481.674 267.316 72.832
FT 0.8983 0.9976 0.9111 0.8169

1 : 3 SE 12.1274 4.079 E-02 1609 E-02 4.311 E-03
F 258.991 19091.882 269.017 78.575

R2 0.8906 0.9982 0.9438 0.8701
1 : 5 SE 11.8360 4.580 E-02 1.379 E-02 3.664 E-03

F 243.800 13786.677 312-092 81.662
R2 0.8703 0.9956 0.9592 0.8995

1 : 10 SE 8.8006 2.435 E-02 8.928 E-03 1.621 E-03
F 408.586 32659.795 281.784 74.415

C rit ic a l F va lu e 4 .1 0



Table ธ31 Coefficient of determinations (R2) of zero-order, first-order, second-order 
and third-order kinetics of photodegradation data of nifedipine 
microspheres varied nifedipine:PVP K30 mixing ratios

nifedipine : PVP K30 Zero-order First-order Second-order Third-order

FT 0.9176 0.9974 0.9355 0.8656
1 : 1 SE 1 1.8733 4.365 E-02 1.667 E-02 4.619 E-03

F 254.328 16728.787 268.695 78.650
FT 0.8979 0.9978 0.9426 0.8737

1 : 3 SE 8.9076 3.829 E-02 1.227 E-02 2.454 E-03
F 441.915 15394.551 205.115 58.992
FT 0.8739 0.9966 0.9559 0.8921

1 : 5 SE 11.8130 2.835 E-02 1.828 E-02 5.228 E-03
F 252.216 38185.779 212.288 59.844

R2 0.9231 0.9946 0.9479 0.8976
1 : 10 SE 9.4353 2.959 E-02 1.002 E-02 1.965 E-03

F 373.008 23952.075 262.883 68.045

C rit ic a l F v a lu e 4 .1 0
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Effect of light intensity

Table B32 Photodegradation data of 1:2:8 nifedipine:Eudragit RS100:PVP K30 
microspheres by 400 lux light intensity.

T im e

(h )
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

No. 1 N o . 2 N o . 3 N o . 1 N o . 2 N o . 3

0 8.50 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.50 95.64 97.02 95.66 4,56 4.57 4.56

1 8.43 93.22 89.24 93.01 4.53 4.49 4.53

2 8.34 82,11 85.10 83.87 4.41 4.44 4.43

4 8.34 72.06 70.64 72.35 4.28 4.26 4.28

6 8.37 60.88 61.00 62.20 4.11 4.11 4.13

8 8.40 50.61 52.97 53.97 3.92 3.97 3.99

10 8.43 45.63 43.97 46.02 3.82 3.78 3.83

12 8.34 41.46 38.91 38.30 3.72 3.66 3.65

14 8.37 35.01 30.89 33.69 3.56 3.43 3.52

16 8.51 27.62 28.97 30.20 3.32 3.37 3.41

20 8.46 20.20 22.40 23 .66 3.01 3.11 3.16

24 8.45 15.96 18.64 14.98 2.77 2 .93 2.71

30 8.35 10.20 9.53 11.87 2.32 2.25 2.47

36 8.49 7.88 6.24 7.06 2 .06 1.83 1.95

48 8.38 6.68 7.30 7.61 1.90 1.99 2.03

72 8.36 7.52 6.22 7.60 2.02 1.83 2.03

96 8.43 7.21 6.64 7.73 1.98 1.89 2.05

120 8.49 6.86 7.67 6.87 1.93 2.04 1.93

144 8.39 7.26 7.53 6.83 1.98 2 .02 1.92

168 8.51 7.69 7.50 6.54 2.04 2.01 1.88

192 8.45 7.05 7.35 6.87 1.95 1.99 1.93

216 8.41 6.34 7.61 7.61 1.85 2 .03 2 .03

264 8.38 6.75 7.10 7.75 1.91 1.96 2.05

312 8.47 7.55 6.95 6.95 2.02 1.94 1.94

360 8.47 6.72 6.74 7.89 1.91 1.91 2.07

First-order degradation rate constant = 0.0757 h
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T a b le  B 33 P h o to d e g r a d a t io n  d a ta  of 1:2:8 n ife d ip in e :E u d ra g it  R S 1 0 0 :P V P  K30

m ic r o s p h e re s  b y  8 0 0  lux light in tensity .

T im e

(h )
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

N o . 1 N o . 2 N o . 3 N o . 1 N o . 2 N o . 3

0 8.39 100.00 100.00 100.00 4.61 4.61 4.61

0 .5 8.39 95.21 92.30 97.20 4.56 4.53 4.58

1 8.35 92.99 90.03 90.87 4,53 4.50 4.51

2 8.48 84.93 82.01 80.35 4.44 4.41 4.39

4 8.47 69.00 69.42 65.22 4.23 4.24 4.18

6 8.38 55.00 56.37 58.69 4.01 4.03 4.07

8 8,43 48.36 46.07 45.66 3.88 3.83 3.82

10 8.39 38.57 36.99 38.97 3.65 3.61 3.66

12 8.46 33.24 30.60 31.59 3.50 3.42 3.45

14 8.34 27.32 25.99 24.86 3.31 3.26 3.21

16 8.40 22 .00 20.85 23.02 3.09 3.04 3.14

20 8.36 15.67 14.93 16.00 2.75 2 .70 2.77

24 8.42 12.30 10.51 10.68 2.51 2 .35 2.37

30 8.37 6.55 6.86 6.99 1.88 1.93 1.94

36 8.33 4.20 4,66 4.22 1.44 1.54 1.44

48 8.50 4.10 4.68 4.21 1.41 1.54 1.44

72 8.40 4.66 4.29 3.80 1.54 1.46 1.34

96 8.36 3.87 4.67 4.08 1.35 1.54 1.41

120 8.32 4.71 3.55 4.87 1.55 1.27 1.58

144 8.40 5.20 3.25 4.53 1.65 1.18 1.51

168 8.40 4.98 3.55 4.93 1.61 1.27 1.60

192 8.34 5.20 3.99 3,54 1.65 1,38 1.26

216 8.32 3.58 4.98 4.28 1.28 1.61 1.45

264 8.50 3.25 5.03 4.66 1.18 1.62 1.54

312 8.40 4.65 3.90 4.30 1.54 1.36 1.46

360 8.46 4.47 3.36 4.95 1.50 1.21 1.60

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 9 0 8  เา
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T a b le  B34 P h o to d e g ra d a t io n  d a ta  of 1 :2 :8  n ife d ip in e :E u d ra g it  R S 1 0 0 :P V P  K30

m ic r o s p h e re s  b y  12 00  lux ligh t in ten sity .

T im e

(h )
C o n tro l

%  n ife d ip in e  R e m a in in g เท (%  n ife d ip in e  R e m a in in g )

No. 1 N o . 2 N o . 3 No. 1 N o . 2 N o . 3

0 8.44 100.00 100.00 100.00 4.61 4.61 4.61

0.5 8.43 96.33 93.34 93.81 4.57 4.54 4.54

1 8.42 82,99 80.71 84.09 4.42 4.39 4.43

2 8,46 77.46 82.42 76.02 4.35 4.41 4.33

4 8.37 66.26 62.10 63.92 4.19 4.13 4.16

6 8.51 55.78 50.58 48.45 4.02 3.92 3.88

8 8.38 41.77 40.24 41.13 3.73 3.69 3.72

10 8.45 32.46 33.30 31.83 3.48 3.51 3.46

12 8.48 22.75 25.52 24.53 3.12 3.24 3.20

14 8.35 16.18 17.32 16.27 2.78 2.85 2.79

16 8.43 14.12 15.13 15.15 2.65 2.72 2.72

20 8.33 8.54 9.27 9.12 2.15 2.23 2.21

24 8.34 5.68 5.44 6.00 1.74 1.69 1.79

30 8.40 5.30 5.01 5.51 1.67 1.61 1.71

36 8.35 5.59 4.89 5.53 1.72 1.59 1.71

48 8.35 5.44 5.78 5.41 1.69 1.76 1,69

72 8.32 5.34 5.62 5.33 1.68 1.73 1.67

96 8,43 5.23 6.17 5.53 1.65 1.82 1.71

120 8.45 5.43 5.62 5.25 1,69 1.73 1.66

144 8.35 5.58 5.44 5.56 1.72 1.69 1.72

168 8.40 5.43 5.21 5.27 1.69 1.65 1.66

192 8.49 5.66 5.79 5.70 1.73 1.76 1.74

216 8.49 5.79 5.83 5.35 1.76 1.76 1.68

264 8.44 5.25 5.43 5.55 1.66 1,69 1.71

312 8.51 5.88 5.27 5.19 1.77 1.66 1.65

360 8.32 5.03 5.16 5.65 1.62 1.64 1.73

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 1 9 9  h
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microspheres by 2000 lux light intensity.
T able  ธ 35 P h o to d e g r a d a t io n  d a ta  of 1 :2 :8  n i f e d ip in e :E u d r a g i t  R S 1 0 0 :P V P  K 3 0

T im e
(h)

C ontrol
% n ifed ip ine R em ain ing เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 8.49 100.00 100.00 100.00 4.61 4.61 4.61
0.5 8.36 91.61 93.25 94.30 4.52 4.54 4.55

1 8.37 82.67 85.66 80.64 4.41 4.45 4.39
2 8.48 68.71 71.82 74.97 4.23 4.27 4.32
4 8.42 55.04 55.69 50.31 4.01 4.02 3.92
6 8.38 38.61 40.80 39.99 3.65 3.71 3.69
8 8.38 30.20 27.69 31.21 3.41 3.32 3.44
10 8.50 23.27 20.51 22.00 3.15 3.02 3,09
12 8.44 15.30 14.37 14.08 2.73 2.67 2.64
14 8.37 10.30 9.40 11.60 2.33 2.24 2.45
16 8.36 7.50 8.70 7.12 2.01 2.16 1.96
20 8.47 4.30 4.02 4.80 1.46 1.39 1.57
24 8.38 4 20 4.78 4.12 1.44 1.56 1.42
30 8.39 4.38 4.72 3.70 1.48 1.55 1.31
36 8.47 4.00 4.06 4.76 1.39 1.40 1.56
48 8.37 4 12 4.97 4.10 1.42 1.60 1.41
72 8.37 4.25 4.64 4.11 1.45 1.53 1.41
96 8.34 4.80 4.07 4.13 1.57 1.40 1.42
120 8.39 4.04 4.87 4.23 1.40 1.58 1.44
144 8.35 4.55 4.31 4.26 1.52 1.46 1.45
168 8.34 4.37 4.03 4.19 1.47 1.39 1.43
192 8,49 4.21 4.00 4.89 1.44 1.39 1.59
216 8.34 4.71 3.40 4.68 1.55 1.22 1.54
264 8.50 4.12 4.09 4.40 1.42 1.41 1.48
312 8.33 4.13 4.10 4.55 1.42 1.41 1.51
360 8.36 4.34 4.45 3.99 1.47 1.49 1.38

First-order d eg radation  ra te  co n stan t = 0 .1583  h



Table B36 Coefficient of determinations (R2) of zero-order, first-order, second-order 
and third-order kinetics of photodegradation data of nifedipine 
microspheres (nifedipine:Eudragit RS100:PVP K30 of 1:2:8) under varied 
light intensities

Light in te n s i ty  (lux) Z e ro -o rd e r F irs t-o rd e r S e c o n d - o r d e r T h ird -o rd e r

FT 0.8709 0.9992 0 .9 4 6 9 0 .8 7 8 0

400 SE 11.4042 5.530 E-02 1.368 E-02 3.602 E-03
F 286.689 9374.330 280.605 80.198
FT 0 .8 7 0 1 0.9994 0 .9 4 7 7 0 .8 8 1 0

800 SE 13.8727 5.696 E-02 2.300 E-02 8.363 E-03
F 207.049 12687.487 262.604 76.547
R2 0 .9 3 0 8 0 .9 9 9 0 0 .9 8 5 3 0 .9 6 1 8

1200 SE 10.7913 6.252 E-02 1.890 E-02 5.299 E-03
F 313.356 8110.089 206.410 61.927
R2 0 .9 3 0 8 0 .9 9 9 0 0 .9 8 5 3 0 .9 6 1 8

2000 SE 12.0132 6.336 E-02 2.739 E-02 9.868 E-03
F 249.053 9152.135 161.020 47.147

Critical F value 4.10
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Photostabilization of nifedipine in solution state

Table B37 Photodegradation data of 2 กาg%nifedipine solution.

Tim e
(h)

% n ifed ip ine  R em ain ing เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100.00 100.00 100.00 4.61 4.61 4.61
15 71.45 73.20 71.28 4.27 4.29 4.27
30 49.52 50.20 49.76 3.90 3.92 3.91
45 32.84 33.80 32.99 3.49 3.52 3.50
60 21.07 23.20 20.72 3.05 3.14 3.03
75 14.61 14.80 14.59 2.68 2.69 2.68
90 10.50 9.89 10.43 2.35 2.29 2.35
105 6.74 7.25 6.96 1.91 1.98 1.94
120 5.11 5.13 5.10 1.63 1.64 1.63
135 3.32 3.88 3.58 1.20 1.36 1.28
150 2.43 2.26 2.31 0.89 0.82 0.84
165 1.49 1.50 1.36 0.40 0.41 0.31
180 0.00 0.00 0.00 - - -

195 0.00 0.00 0.00 - - -

210 0.00 0.00 0.00 - - -

225 0.00 0.00 0.00 - - -

240 0.00 0.00 0.00 - - -

255 0.00 0.00 0.00 - - -

270 0.00 0.00 0.00 - - -

285 0.00 0.00 0.00 - - -

300 0.00 0.00 0.00 - - -

First-order degradation  ra te  co n stan t = 0 .0255  min 1
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T a b le  B 3 8  P h o to d e g r a d a t io n  d a ta  o f  2  ทาg % n i fe d ip in e  w ith  2  m g %  c u r c u m in

s o lu t io n .

Tim e
(h)

% n ifedipine R em ain ing เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 100 .00 4.61 4.61 4.61

15 9 2 .7 0 93 .2 0 92.81 4 .5 3 4 .5 3 4 .5 3

30 8 5 .0 7 85 .3 6 8 5 .1 0 4 .44 4 .4 5 4 .4 4

45 8 1 .5 6 8 2 .1 2 8 1 .7 2 4 .4 0 4.41 4 .4 0

60 7 6 .0 0 7 4 .0 3 74 .8 7 4 .3 3 4 .3 0 4 .3 2

75 69 .7 5 7 1 .7 5 70 .7 3 4 .2 4 4 .2 7 4 .2 6

90 67.21 6 5 .6 3 6 6 .2 8 4.21 4 .1 8 4 .1 9

105 6 0 .5 5 6 0 .2 9 6 0 .3 7 4 .1 0 4 .1 0 4 .1 0

120 59.01 57 .2 4 5 7 .2 9 4 .0 8 4 .0 5 4 .0 5

135 52.91 5 4 .6 7 5 3 .6 4 3 .97 4 .0 0 3 .9 8

150 5 1 .0 0 49.61 5 0 .0 3 3 .93 3 .9 0 3.91

165 4 8 .0 0 4 7 .7 0 4 7 .4 0 3 .87 3 .8 6 3 .8 6

180 4 4 .6 8 4 5 .5 8 4 4 .8 2 3 .8 0 4 .8 0 5 .8 0

195 4 1 .5 9 4 3 .2 0 4 2 .2 8 6 .8 0 7 .8 0 8 .8 0

2 1 0 3 9 .0 0 3 8 .1 6 3 7 .3 2 9 .80 10 .80 11 .80

2 2 5 3 6 .0 2 3 6 .5 2 36.21 12 .80 13 .80 14 .80

2 4 0 3 3 .9 6 34.81 3 4 .2 6 15 .80 16 .80 17 .80

255 3 2 .0 5 32.91 32 .3 4 18 .80 19 .80 2 0 .8 0

2 7 0 3 0 .1 5 3 1 .0 0 30 .4 4 2 1 .8 0 2 2 .8 0 2 3 .8 0

2 8 5 2 9 .1 2 2 8 .2 4 2 8 .5 0 2 4 .8 0 2 5 .8 0 2 6 .8 0

300 2 6 .9 2 2 6 .5 2 2 6 .6 9 2 7 .8 0 2 8 .8 0 2 9 .8 0

First-order degradation  ra te  co n stan t = 0 .0045 min
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T a b le  B 3 9  P h o to d e g r a d a t io n  d a ta  o f  2  m g % n i fe d ip in e  w ith  4  m g %  c u r c u m in

s o lu t io n .

Tim e % nifedipine R em ain ing เท (%  n ifed ip in e  R em ain in g )
(h)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 100 .00 4.61 4.61 4.61

15 9 5 .1 2 97 .1 2 94 .74 4 .5 6 4 .5 8 4 .5 5

30 90 .1 4 91 .8 8 91 .4 3 4 .5 0 4 .5 2 4 .5 2

45 89 .1 2 8 8 .7 2 8 8 .3 5 4 .4 9 4 .4 9 4 .4 8

60 83 .3 7 84 .9 8 88 .3 6 4 .4 2 4 .4 4 4 .4 8

75 82 .1 8 81.81 8 2 .2 2 4.41 4 .4 0 4.41

90 77 .5 3 78 .4 8 81.11 4 .3 5 4 .3 6 4 .4 0

105 7 3 .7 5 76 .8 9 7 7 .0 0 4 .3 0 4 .3 4 4 .3 4

120 7 4 .5 9 72 .24 73 .7 0 4.31 4 .2 8 4 .3 0

135 70 .5 7 71 .0 2 71 .7 7 4 .2 6 4 .2 6 4 .2 7

150 68 .3 8 6 9 .7 7 6 8 .8 3 4 .2 3 4 .2 5 4 .2 3

165 67.21 6 5 .2 2 65.51 4.21 4 .1 8 4 .1 8

180 6 6 .1 9 62.31 6 4 .1 6 4 .1 9 4 .1 3 4 .1 6

195 63 .9 8 6 2 .2 7 6 1 .7 3 4 .1 6 4 .1 3 4 .1 2

2 1 0 61 .0 5 60 .6 4 58 .94 4.11 4 .1 0 4 .0 8

2 2 5 56 .1 7 58 .9 3 5 7 .5 5 4 .0 3 4 .0 8 4 .0 5

2 4 0 5 6 .2 0 56.81 5 2 .8 0 4 .0 3 4 .0 4 3 .9 7

2 5 5 53 .9 2 53 .3 8 5 3 .5 9 3 .9 9 3 .9 8 3 .9 8

2 7 0 51 .5 3 51.71 52.01 3 .9 4 3 .9 5 3 .9 5

285 48 .7 7 4 7 .7 9 52 .9 0 3 .8 9 3 .8 7 3 .9 7

3 0 0 46 .6 7 49.11 4 6 .3 0 3 .8 4 3 .8 9 3 .8 4

First-order degradation  ra te  co n stan t = 0 .0025  min •1
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T a b le  ธ 4 0  P h o to d e g r a d a t io n  d a ta  o f  2  ทาg % n ife d ip in e  w ith  8 m g %  c u r c u m in

s o lu t io n .

T im e
(ห)

% n ifed ip ine R em ain ing เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 10 0 .0 0 100 .00 100 .00 4.61 4.61 4 .61

15 9 5 .6 0 9 7 .1 5 98 .8 5 4 .5 6 4 .5 8 4 .5 9

30 9 4 .9 5 9 3 .1 7 97.81 4 .5 5 4 .5 3 4 .5 8

4 5 9 1 .0 0 9 2 .0 8 9 4 .4 8 4.51 4 .5 2 4 .5 5

60 9 1 .4 4 9 0 .0 2 90 .7 3 4 .5 2 4 .5 0 4.51

75 88.81 85.11 89 .3 3 4 .4 9 4 .4 4 4 .4 9

90 8 7 .8 2 8 5 .7 0 8 6 .7 6 4 .4 8 4 .4 5 4 .4 6

105 8 4 .0 0 8 2 .5 8 84 .6 7 4 .4 3 4.41 4 .4 4

120 8 2 .7 3 79 .9 8 8 3 .5 0 4 .4 2 4 .3 8 4 .4 2

135 8 3 .3 9 79 .8 5 78 .3 2 4 .4 2 4 .3 8 4 .3 6

150 7 9 .2 3 78 .9 3 7 8 .3 0 4 .3 7 4 .3 7 4 .3 6

165 7 9 .3 8 75 .0 7 77 .2 3 4 .37 4 .3 2 4 .3 5

180 7 5 .6 3 72.11 76.51 4 .3 3 4 .2 8 4 .3 4

195 7 5 .0 2 7 1 .8 5 73 .4 4 4 .3 2 4 .2 7 4 .3 0

2 1 0 7 4 .0 0 7 0 .0 9 72 .0 4 4 .3 0 4 .2 5 4 .2 8

2 2 5 7 2 .9 9 6 8 .3 2 68.81 4 .2 9 4 .2 2 4 .2 3

2 4 0 6 5 .8 5 6 8 .1 0 70 .4 4 4 .1 9 4 .2 2 4 .2 5

2 5 5 6 4 .4 2 6 8 .9 2 6 7 .6 0 4 .1 7 4 .2 3 4.21

2 7 0 6 4 .3 0 6 3 .6 6 6 7 .8 5 4 .1 6 4 .1 5 4 .2 2

2 8 5 66.91 62.11 60 .94 4 .2 0 4 .1 3 4.11

3 0 0 62 .21 62.11 6 2 .1 6 4 .13 4 .1 3 4 .1 3

First-order degradation  rate  co n stan t = 0 .0016  min -1
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T a b le  B 41  P h o to d e g r a d a t io n  d a ta  o f  2 ทาg % n i fe d ip in e  w ith  16  m g %  c u r c u m in

s o lu t io n .

Tim e
(h)

% n ifed ip ine R em ain in g เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 100 .00 4.61 4.61 4.61

15 9 7 .2 5 9 9 .0 0 99.31 4 .5 8 4 .6 0 4 .6 0

30 9 6 .3 0 9 7 .1 3 9 8 .2 6 4 .5 7 4 .5 8 4 .5 9

45 9 4 .4 4 9 7 .7 5 9 5 .9 0 4 .5 5 4 .5 8 4 .5 6

60 9 6 .7 5 9 2 .0 0 9 5 .8 3 4 .5 7 4 .5 2 4 .5 6

75 91.11 9 5 .7 2 9 1 .4 2 4.51 4 .5 6 4 .5 2

9 0 93.51 8 9 .9 8 9 2 .1 5 4 .5 4 4 .5 0 4 .5 2

105 8 9 .9 9 9 3 .2 0 8 7 .4 7 4 .5 0 4 .5 3 4 .4 7

120 8 7 .2 5 9 0 .1 3 9 1 .0 3 4 .4 7 4 .5 0 4.51

135 90.01 8 7 .7 7 8 6 .8 5 4 .5 0 4 .4 7 4 .4 6

150 8 8 .1 2 8 6 .6 2 8 6 .2 6 4 .4 8 4 .4 6 4 .4 6

165 8 6 .9 8 8 4 .4 5 85.91 4 .4 7 4 .4 4 4 .4 5

180 8 7 .0 0 8 2 .2 8 8 4 .0 4 4 .4 7 4.41 4 .4 3

195 8 0 .8 8 8 2 .9 7 8 5 .5 7 4 .3 9 4 .4 2 4 .4 5

2 1 0 8 1 .0 0 8 3 .8 5 8 0 .2 2 4 .3 9 4 .4 3 4 .3 8

2 2 5 8 0 .8 0 7 7 .2 5 8 1 .9 2 4 .3 9 4 .3 5 4.41

2 4 0 7 9 .4 5 7 6 .9 9 78 .2 8 4 .3 8 4 .3 4 4 .3 6

2 5 5 7 6 .8 7 7 8 .9 2 7 7 .4 3 4 .3 4 4 .3 7 4 .3 5

2 7 0 7 8 .2 3 7 3 .3 3 7 6 .3 8 4 .3 6 4 .2 9 4 .3 4

2 8 5 7 6 .8 2 7 4 .4 2 7 3 .7 9 4 .3 4 4.31 4 .3 0

3 0 0 7 0 .9 7 7 5 .8 8 7 5 .7 5 4 .2 6 4 .3 3 4 .3 3

First-order deg radation  rate  co n stan t = 0 .0010  min -1
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T a b le  B 4 2  P h o to d e g r a d a t io n  d a ta  o f  2  ทาg % n i fe d ip in e  w ith  2  m g %  c u r c u m in

c r u d e  e x t r a c t  s o lu t io n .

T im e
(h)

%  n ifed ip ine R em ain in g เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 10 0 .0 0 4.61 4.61 4.61

15 8 5 .7 8 8 2 .4 4 84.11 4 .4 5 4.41 4 .4 3

30 6 7 .8 2 6 4 .8 4 6 6 .3 3 4 .2 2 4 .1 7 4 .1 9

45 4 8 .8 8 4 7 .8 7 4 8 .3 8 3 .8 9 3 .87 3 .8 8

60 3 7 .0 0 38.01 37.51 3.61 3 .6 4 3 .6 2

75 29.01 2 9 .8 7 2 9 .4 4 3 .37 3 .40 3 .3 8

90 2 5 .7 3 2 3 .1 5 2 4 .4 4 3 .25 3 .1 4 3 .2 0

105 17 .85 19.91 18 .88 2 .8 8 2 .9 9 2 .9 4

120 15.94 12 .50 14 .22 2 .7 7 2 .53 2 .6 5

135 12 .73 1 0 .1 9 ' 11 .46 2 .5 4 2 .3 2 2 .4 4

150 8 .40 9 .7 2 9 .0 6 2 .1 3 2 .2 7 2 .2 0

165 7 .09 8 .2 9 7 .6 9 1.96 2.11 2 .0 4

180 5 .1 9 6 .6 7 5 .9 3 1.65 2 .6 5 3 .65

195 4 .9 3 4 .4 9 4.71 4 .6 5 5 .6 5 6 .6 5

2 1 0 3 .7 9 3 .7 0 3 .7 4 7 .65 8 .6 5 9 .6 5

2 2 5 3 .1 7 3 .5 0 3 .3 3 10.65 11 .65 12 .65

2 4 0 2 .7 2 2 .5 5 2 .6 4 13.65 14 .65 15 .65

2 5 5 2 .0 0 2 .1 7 2 .0 9 16 .65 17 .65 18 .65

2 7 0 1.52 1.94 1.73 19 .65 2 0 .6 5 2 1 .6 5

2 8 5 1.28 1.31 1.30 2 2 .6 5 2 3 .6 5 2 4 .6 5

3 0 0 1.20 1.12 1.16 2 5 .6 5 2 6 .6 5 2 7 .6 5

First-order degradation  ra te  co n stan t = 0 .0154 min -1
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T able  B43 P h o to d e g r a d a t io n  d a ta  o f  2 m g % n i fe d ip in e  w ith  4  กาg %  c u rc u m in

c r u d e  e x t r a c t  s o lu t io n .

Tim e
(h)

% n ifed ip ine R em ain ing เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 100 .00 4.61 4.61 4.61

15 90 .2 7 86 .7 4 87 .6 2 4 .5 0 4 .4 6 4 .4 7

30 75 .9 5 77 .04 79 .3 6 4 .3 3 4 .3 4 4 .3 7

45 71 .03 69.21 6 7 .0 9 4 .2 6 4 .2 4 4.21

6Ô 55.85 55 .9 7 57.71 4 .02 4 .0 2 4 .0 6

75 50.11 47.91 50.21 3.91 3 .8 7 3 .9 2

90 4 0 .8 9 4 4 .1 7 4 1 .7 5 3.71 3 .7 9 3 .7 3

105 36 .9 8 3 8 .2 0 37 .0 8 3.61 3 .6 4 3.61

120 30 .9 9 33 .3 5 32 .3 5 3 .43 3.51 3 .4 8

135 29 .8 4 2 6 .6 8 2 5 .1 7 3 .4 0 3 .2 8 3 .2 3

150 21 .9 6 2 2 .8 7 2 6 .1 5 3 .0 9 3 .1 3 3 .2 6

165 2 3 .8 7 19.98 19 .06 3 .17 2 .9 9 2 .9 5

180 2 0 .4 2 18.01 18 .90 3 .02 2 .8 9 2 .9 4

195 16.02 16 .88 14.23 2 .7 7 2 .8 3 2 .6 6

2 1 0 13.85 14 .54 13.31 2 .6 3 2 .6 8 2 .5 9

225 9 .7 5 11 .00 12.22 2 .2 8 2 .4 0 2 .5 0

240 9.21 8 .96 9 .5 5 2 .2 2 2 .1 9 2 .2 6

2 5 5 9.31 7 .66 8 .2 0 2 .2 3 2 .0 4 2 .1 0

2 7 0 7 .20 7 .13 7 .03 1.97 1.96 1.95

285 6 .99 7 .14 6 .1 5 1.94 1.97 1.82

3 0 0 6 .12 6 .85 5 .0 9 1.81 1.92 1.63

First-order degradation  ra te  co n stan t = 0 .0096  min -1
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Table ธ44 Photodegradation data of 2 mg%nifedipine with 8 ทาg% curcumin
crude extract solution.

T im e
(h)

% n ifed ip ine R em ain ing เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 100.00 4.61 4.61 4.61

15 92 .8 4 92 .33 94 .5 2 4 .5 3 4 .5 3 4 .5 5

30 86 .9 8 84 .8 7 83 .47 4 .4 7 4 .4 4 4 .4 2

45 77 .9 4 76 .27 80 .24 4 .3 6 4 .3 3 4 .3 9

60 69 .2 4 69 .5 7 66 .9 0 4 .24 4 .2 4 4 .2 0

75 6 1 .8 7 62 .5 9 59 .50 4 .1 3 4 .14 4 .0 9

90 55 .8 2 57 .27 56.71 4 .0 2 4 .0 5 4 .0 4

105 50 .9 9 52.01 50 .69 3 .9 3 3 .95 3 .9 3

120 4 7 .8 8 46 .2 7 48.41 3 .87 3 .83 3 .8 8

135 4 4 .8 2 43 .2 4 41.81 3 .80 3 .7 7 3 .7 3

150 39.41 38 .0 2 39 .09 3 .6 7 3 .64 3 .6 7

165 36 .4 0 36 .0 0 36 .23 3 .59 3 .5 8 3 .5 9

180 3 3 .7 0 33 .2 4 32 .39 3 .5 2 3 .5 0 3 .4 8

195 30 .1 0 30 .0 5 29 .7 0 3 .4 0 3 .4 0 3 .3 9

2 1 0 2 8 .2 7 2 7 .0 0 28 .2 6 3 .34 3 .3 0 3 .3 4

2 2 5 2 6 .8 9 26.31 25 .0 0 3 .2 9 3 .27 3 .2 2

2 4 0 2 4 .9 3 24 .2 2 23 .4 8 3 .2 2 3 .1 9 3 .1 6

2 5 5 2 2 .6 2 22 .0 5 21 .3 7 3 .1 2 3 .0 9 3 .0 6

2 7 0 19.35 19.36 21 .8 0 2 .9 6 2 .9 6 3 .0 8

2 8 5 19.76 19.69 18.21 2 .9 8 2 .9 8 2 .9 0

300 18.20 17.16 16.34 2 .9 0 2 .84 2 .7 9

First-order degradation  rate  co n stan t = 0 .0060  min -1
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T a b le  B 4 5  P h o to d e g r a d a t io n  d a ta  o f  2  m g % n ife d ip in e  w ith  16  m g %  c u r c u m in

c r u d e  e x t r a c t  s o lu t io n .

T im e % nifed ip ine R em ain ing เท (%  n ifed ip ine R em ain in g )
(h) No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 100 .00 4.61 4.61 4.61

15 9 7 .0 8 9 6 .3 9 9 5 .1 0 4 .5 8 4 .5 7 4 .5 5

30 92 .0 7 9 1 .3 5 93 .3 4 4 .5 2 4.51 4 .5 4

45 87.11 8 8 .4 0 8 6 .9 3 4 .4 7 4 .4 8 4 .4 7

60 8 3 .7 2 8 4 .8 2 8 3 .5 8 4 .4 3 4 .4 4 4 .4 3

75 80 .34 7 9 .4 4 8 0 .8 5 4 .3 9 4 .3 8 4 .3 9

90 75 .8 9 7 6 .4 9 7 8 .1 2 4 .3 3 4 .3 4 4 .3 6

105 72.71 7 3 .2 0 72 .7 3 4 .2 9 4 .2 9 4 .2 9

120 70 .5 6 69.51 69 .8 4 4 .2 6 4 .2 4 4 .2 5

135 6 5 .2 5 6 5 .7 4 6 6 .5 2 4 .1 8 4 .1 9 4 .2 0

150 6 2 .4 9 6 2 .1 6 6 4 .3 3 4 .1 3 4 .1 3 4 .1 6

165 5 8 .8 3 5 8 .7 9 5 9 .3 0 4 .0 7 4 .0 7 4 .0 8

180 55 .9 3 5 4 .8 8 5 6 .7 7 4 .0 2 4.01 4 .0 4

195 52 .0 4 5 1 .8 6 5 4 .3 5 3 .9 5 3 .9 5 4 .0 0

2 1 0 49.91 5 1 .3 4 4 9 .8 9 3.91 3 .94 3.91

2 2 5 4 6 .9 5 4 8 .6 7 4 7 .4 2 3 .8 5 3 .8 9 3 .8 6

2 4 0 4 5 .0 5 4 4 .5 8 4 6 .1 9 3.81 3 .8 0 3 .8 3

2 5 5 4 3 .0 3 4 2 .2 2 4 4 .0 8 3 .7 6 3 .7 4 3 .7 9

2 7 0 4 2 .5 6 4 1 .5 7 4 1 .0 0 3 .7 5 3 .7 3 3.71

2 8 5 38 .8 2 39 .3 4 39 .3 5 3 .6 6 3 .6 7 3 .6 7

300 38 .7 2 38 .2 6 36 .2 4 3 .6 6 3 .64 3 .5 9

First-order degradation  rate  co n stan t = 0 .0033 min -1
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T a b le  B 4 6  P h o to d e g r a d a t io n  d a ta  o f  2 m g % n i fe d ip in e  w ith  2  m g %  ta r t r a z in e

s o lu t io n .

Tim e % n ifed ip ine R em ain ing เท (%  n ifed ip in e  R em ain in g )
(h)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 100 .00 4.61 4.61 4.61

15 77 .1 6 7 7 .5 5 73.51 4 .3 5 4 .3 5 4 .3 0

30 6 2 .4 5 62 .4 4 60.41 4 .1 3 4 .1 3 4 .1 0

45 4 9 .5 5 49.01 45.71 3 .9 0 3 .8 9 3 .8 2

60 35 .8 5 3 6 .3 9 32 .84 3 .5 8 3 .5 9 3 .4 9

75 3 0 .9 5 3 1 .1 4 2 8 .0 6 3 .4 3 3 .4 4 3 .3 3

90 2 4 .1 8 24.01 2 0 .4 5 3 .1 9 3 .1 8 3 .0 2

105 19 .70 2 0 .0 4 17.14 2 .9 8 3 .0 0 2 .8 4

120 17.44 17.01 14 .42 2 .8 6 2 .8 3 2 .6 7

135 14 .38 14 .58 12.28 2 .6 7 2 .6 8 2.51

150 11 .03 11 .09 11.34 2 .4 0 2.41 2 .4 3

165 8 .1 5 7 .4 6 8 .3 2 2 .1 0 2.01 2 .1 2

180 6 .2 7 6 .7 3 5 .77 1.84 2 .8 4 3 .84

195 5 .8 2 5 .6 3 4 .9 0 4 .8 4 5 .8 4 6 .84

2 1 0 3 .5 3 3 .8 0 4 .1 0 7 .8 4 8 .8 4 9 .84

2 2 5 3 .1 9 3 .0 9 3 .3 2 10 .84 11 .84 12 .84

2 4 0 2 .7 0 3.01 2 .4 5 13 .84 14 .84 15 .84

2 5 5 2 .3 3 2 .0 7 2 .2 5 16.84 17 .84 18.84

2 7 0 2 .0 3 1.87 1.67 19 .84 2 0 .8 4 2 1 .8 4

2 8 5 1.21 1.30 1.45 2 2 .8 4 2 3 .8 4 2 4 .8 4

3 0 0 0 .0 0 0 .0 0 0 .0 0 2 5 .8 4 2 6 .8 4 2 7 .8 4

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 1 5 2  m in -1
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T a b le  B 4 7  P h o to d e g r a d a t io n  d a ta  o f 2 m g % n i fe d ip in e  w ith  4  ทาg %  ta r t r a z in e

s o lu t io n .

Tim e
(h)

%  n ifed ip ine R em ain in g เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 10 0 .0 0 4.61 4.61 4.61

15 8 2 .8 3 8 4 .8 9 8 1 .4 2 4 .4 2 4 .4 4 4 .4 0

30 70 .1 5 73.51 7 0 .5 4 4 .2 5 4 .3 0 4 .2 6

45 6 2 .2 7 6 5 .9 8 6 1 .7 4 4 .1 3 4 .1 9 4 .1 2

60 5 5 .2 9 56 .8 7 5 2 .6 7 4.01 4 .0 4 3 .9 6

75 45 .71 4 9 .2 2 47 .61 3 .8 2 3 .9 0 3 .86

90 3 9 .7 5 4 1 .4 5 3 5 .5 9 3 .6 8 3 .7 2 3 .57

105 3 1 .9 8 3 5 .4 2 3 0 .5 3 3 .4 7 3 .5 7 3 .4 2

120 30 .7 4 30.11 2 7 .7 6 3 .4 3 3 .4 0 3 .3 2

135 2 6 .3 5 2 2 .0 5 2 4 .5 2 3 .2 7 3 .0 9 3 .2 0

150 2 0 .1 0 2 2 .9 9 2 0 .4 3 3 .0 0 3 .1 3 3 .0 2

165 18 .77 15.11 16 .48 2 .9 3 2 .7 2 2 .8 0

180 15.17 15 .69 13 .53 2 .7 2 2 .7 5 2.61

195 12 .43 13 .00 14 .29 2 .5 2 2 .5 6 2 .6 6

2 1 0 11 .96 10 .62 11 .30 2 .4 8 2 .3 6 2 .4 3

2 2 5 9 .9 9 9 .9 6 9 .26 2 .3 0 2 .3 0 2 .2 3

2 4 0 7 .2 2 7 .8 2 8 .3 3 1.98 2 .0 6 2 .1 2

2 5 5 6 .7 8 7 .2 3 7 .0 2 1.91 1.98 1.95

2 7 0 5 .0 0 6.01 5 .3 5 1.61 1.79 1.68

2 8 5 4 .9 8 5.11 5 .1 0 1.61 1.63 1.63

3 0 0 5 .0 2 4 .7 2 4 .2 8 1.61 1.55 1.45

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 1 0 5  m in -1
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T a b le  B 4 8  P h o to d e g r a d a t io n  d a ta  o f  2  m g % n ife d ip in e  w ith  8 m g %  ta r t r a z in e

s o lu t io n .

Tim e
(h)

% n ifedipine R em ain ing เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 10 0 .0 0 100 .00 100 .00 4.61 4.61 4.61

15 9 2 .3 9 9 1 .3 8 9 4 .0 5 4 .5 3 4 .5 2 4 .5 4

30 87 .6 5 88 .9 3 87 .04 4 .4 7 4 .4 9 4 .4 7

45 79 .4 2 78 .9 0 7 8 .5 0 4 .3 7 4 .3 7 4 .3 6

60 72 .2 7 73 .03 7 3 .3 9 4 .2 8 4 .2 9 4 .3 0

75 6 6 .4 8 65 .2 9 66 .7 4 4 .2 0 4 .1 8 4 .2 0

90 58.81 58 .9 2 6 1 .1 5 4 .0 7 4 .0 8 4.11

105 5 3 .7 0 53 .2 6 5 1 .7 8 3 .9 8 3 .9 8 3 .9 5

120 46 .4 4 4 6 .5 9 4 6 .8 0 3 .84 3 .8 4 3 .8 5

135 4 2 .6 6 4 2 .1 7 4 1 .5 6 3 .7 5 3 .7 4 3 .7 3

150 3 9 .4 2 39 .9 5 3 9 .9 6 3 .6 7 3 .6 9 3 .6 9

165 3 8 .0 0 37 .7 6 3 6 .6 0 3 .64 3 .6 3 3 .6 0

180 32.71 3 2 .5 9 31.51 3 .4 9 3 .4 8 3 .4 5

195 30.61 30 .1 2 3 0 .8 8 3 .4 2 3.41 3 .4 3

2 1 0 27 .31 2 7 .1 0 2 6 .5 8 3.31 3 .3 0 3 .2 8

2 2 5 2 3 .6 9 2 3 .2 9 2 3 .7 6 3 .1 6 3 .1 5 3 .1 7

2 4 0 20.21 2 0 .3 7 2 0 .0 9 3.01 3.01 3 .0 0

2 5 5 19.87 19.90 2 0 .3 7 2 .9 9 2 .9 9 3.01

2 7 0 17 .70 17.71 17.04 2 .87 2 .8 7 2 .8 4

2 8 5 15 .52 15.22 15 .59 2 .7 4 2 .7 2 2 .7 5

3 0 0 13 .88 14.23 14.08 2 .6 3 2 .6 6 2 .6 5

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 0 6 4  m in -1
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T a b le  B 4 9  P h o to d e g r a d a t io n  d a ta  o f  2 กาg % n ife d ip in e  w ith  1 6  กาg %  ta r t r a z in e

s o lu t io n .

Tim e
(h)

% n ifed ip ine R em ain ing เท (%  n ifed ip in e  R e m ain in g )

No. า No. 2 No. 3 No. 1 No. 2 No. 3

0 10 0 .0 0 100 .00 100 .00 4.61 4.61 4.61

15 9 1 .8 4 9 2 .7 6 9 5 .7 6 4 .5 2 4 .5 3 4 .5 6

30 9 0 .7 8 85 .6 3 8 7 .4 2 4.51 4 .4 5 4 .4 7

45 8 3 .9 3 8 6 .4 9 8 2 .9 3 4 .4 3 4 .4 6 4 .4 2

60 79 .0 4 78 .2 6 8 3 .2 0 4 .3 7 4 .3 6 4 .4 2

75 7 5 .1 9 75 .94 73 .1 7 4 .3 2 4 .3 3 4 .2 9

90 7 1 .5 2 71 .5 2 68.81 4 .2 7 4 .2 7 4 .2 3

105 67.31 6 5 .3 7 6 4 .9 6 4.21 4 .1 8 4.,17

120 6 6 .5 6 6 4 .7 2 6 1 .2 9 4 .2 0 4 .1 7 4 .1 2

135 6 1 .5 6 60 .3 4 6 0 .2 2 4 .1 2 4 .1 0 4 .1 0

150 5 8 .5 7 55 .7 0 56.21 4 .0 7 4 .0 2 4 .0 3

165 5 3 .5 2 55.71 52 .5 0 3 .98 4 .0 2 3 .9 6

180 5 2 .0 4 4 8 .4 2 4 7 .6 5 3 .95 3 .8 8 3 .8 6

195 4 7 .9 4 4 5 .1 5 4 6 .3 0 3 .87 3.81 3 .84

2 1 0 4 6 .9 9 4 5 .1 5 4 3 .4 3 3 .8 5 3.81 3 .7 7

2 2 5 4 3 .1 7 4 0 .8 5 39 .7 9 3 .7 7 3.71 3 .6 8

2 4 0 3 8 .8 6 39 .2 5 4 1 .3 6 3 .6 6 3 .6 7 3 .7 2

2 5 5 3 8 .8 6 39 .8 6 36 .2 2 3 .6 6 3 .6 9 3 .5 9

2 7 0 3 7 .9 3 3 6 .9 7 3 5 .2 2 3 .64 3.61 3 .5 6

2 8 5 3 3 .1 2 3 5 .0 9 33.51 3 .5 0 3 .5 6 3.51

3 0 0 3 3 .3 3 3 1 .5 0 3 0 .9 0 3.51 3 .4 5 3 .4 3

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 0 3 8  m in -1
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T a b le  B 5 0  P h o to d e g r a d a t io n  d a ta  o f  2  ทาg % n ife d ip in e  w ith  2  m g %  s u n s e t  y e l lo w

s o lu t io n .

T im e
(h)

%  n ifed ip ine  R em ain in g เท (%  n ifed ip ine  R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 10 0 .0 0 100 .00 100 .00 4.61 4.61 4.61

15 7 8 .7 2 7 7 .2 8 7 7 .7 8 4 .3 7 4 .3 5 4 .3 5

30 6 2 .3 8 6 3 .5 4 6 4 .1 9 4 .1 3 4 .1 5 4 .1 6

4 5 4 8 .7 2 4 9 .2 5 50.01 3 .8 9 3 .9 0 3.91

60 3 9 .9 9 4 0 .0 3 41.41 3 .6 9 3 .6 9 3 .7 2

75 3 4 .0 7 3 4 .1 0 3 4 .7 0 3 .5 3 3 .5 3 3 .5 5

90 2 7 .8 3 2 7 .5 9 2 7 .2 3 3 .3 3 3 .3 2 3 .3 0

105 2 1 .7 3 2 2 .1 5 2 2 .3 0 3 .08 3 .10 3 .1 0

120 19 .07 18.94 19 .29 2 .9 5 2 .9 4 2 .9 6

135 15 .34 15 .43 14 .70 2 .7 3 2 .7 4 2 .6 9

150 11 .29 11.31 11 .06 2 .4 2 2 .4 3 2 .4 0

165 9 .4 3 9 .3 6 9 .3 8 2 .2 4 2 .2 4 2 .2 4

180 7.21 7.31 7.41 1.98 2 .9 8 3 .9 8

195 6.51 6 .5 6 6 .7 2 4 .9 8 5 .9 8 6 .9 8

2 1 0 5 .0 3 5 .0 8 4 .9 2 7 .9 8 8 .98 9 .9 8

2 2 5 4 .1 5 4 .1 9 4 .2 3 10 .98 11 .98 12 .98

2 4 0 2 .9 9 2 .9 3 3 .0 2 13 .98 14 .98 15 .9 8

2 5 5 2 .4 8 2 .4 0 2 .4 3 16 .98 17 .98 18 .98

2 7 0 0 .0 0 0 .0 0 0 .0 0 19 .98 2 0 .9 8 2 1 .9 8

2 8 5 0 .0 0 0 .0 0 0 .0 0 2 2 .9 8 2 3 .9 8 2 4 .9 8

3 0 0 0 .0 0 0 .0 0 0 .0 0 2 5 .9 8 2 6 .9 8 2 7 .9 8

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 1 4 4  m in -1
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T a b l e  B51 P h o t o d e g r a d a t i o n  d a t a  of 2 ทาg % n i f e d i p i n e  with 4 m g %  s u n s e t  yel low

solut ion.

Tim e
(h)

% n ifed ip ine R em ain in g เท (%  n ifed ip ine R em ain in g)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 1 00 .00 4.61 4.61 4.61

15 89.11 88 .24 9 0 .72 4 .4 9 4 .4 8 4.51

30 76 .92 7 6 .46 7 9 .4 5 4 .3 4 4 .3 4 4 .38

45 6 7 .6 6 6 8 .2 3 6 7 .8 5 4.21 4 .2 2 4 .2 2

60 6 0 .8 0 6 0 .6 6 5 8 .3 7 4.11 4.11 4 .0 7

75 52 .09 5 2 .29 4 9 .8 3 3 .95 3 .9 6 3.91

90 4 3 .3 5 4 2 .9 7 4 2 .4 4 3 .77 3 .76 3 .75

105 3 7 .09 3 6 .95 3 6 .3 9 3.61 3.61 3 .5 9

120 3 2 .78 3 2 .15 3 2 .2 2 3 .4 9 3 .4 7 3 .47

135 2 8 .2 8 2 8 .7 5 2 9 .2 6 3 .34 3 .3 6 3 .38

150 2 6 .3 8 2 6 .1 6 2 6 .6 4 3 .27 3 .2 6 3 .28

165 2 3 .5 2 2 4 .0 9 2 3 .8 5 3 .16 3 .1 8 3 .17

180 2 0 .4 4 2 0 .0 9 19.88 3 .0 2 3 .0 0 2 .99

195 17.84 18.10 18.41 2 .8 8 2 .9 0 2.91

2 10 15.98 16.01 15.91 2 .7 7 2 .7 7 2 .77

2 25 13.86 13.83 13.29 2 .6 3 2 .6 3 2 .5 9

2 4 0 10.68 10.70 10.89 2 .3 7 2 .3 7 2 .3 9

2 55 9 .37 9.41 9 .1 5 2 .2 4 2 .2 4 2.21

2 7 0 8 .0 9 8.21 8 .3 9 2 .0 9 2.11 2 .1 3

2 8 5 6 .9 8 6 .8 3 6 .84 1.94 1.92 1.92

300 6 .06 5 .92 5 .9 8 1.80 1.78 1.79

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 0 6 2  m in -1
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T a b l e  ธ 5 2  P h o t o d e g r a d a t i o n  d a t a  of 2 m g % n i f e d i p i n e  with 8 m g %  s u n s e t  yel low

solut ion.

Tim e
(h)

% n ifedipine R em ain ing เท (%  n ifed ip ine  R em a in in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 1 00 .00 100 .00 1 00 .00 4.61 4.61 4.61

15 8 7 .1 6 8 7 .16 9 2 .0 0 4 .4 7 4 .4 7 4 .5 2

30 8 2 .9 9 8 2 .9 9 8 7 .5 9 4 .4 2 4 .4 2 4 .4 7

45 7 8 .10 7 8 .10 8 2 .43 4 .3 6 4 .3 6 4.41

60 70.91 70.91 7 4 .85 4 .2 6 4 .2 6 4 .3 2

75 6 3 .2 2 6 3 .2 2 6 6 .73 4 .1 5 4 .1 5 4 .2 0

90 5 7 .4 7 57 .47 6 0 .6 6 4 .0 5 4 .0 5 4.11

105 5 2 .0 0 5 2 .00 5 4 .88 3 .9 5 3 .9 5 4.01

120 4 8 .3 8 4 8 .3 8 5 1 .07 3 .8 8 3 .8 8 3 .9 3

135 4 2 .4 7 4 2 .4 7 4 4 .8 2 3 .7 5 3 .7 5 3 .8 0

150 41.41 41.41 43.71 3 .72 3 .7 2 3 .7 8

165 37.51 37.51 3 9 .6 0 3 .62 3 .6 2 3 .6 8

180 3 3 .1 9 3 3 .19 3 5 .03 3 .5 0 3 .5 0 3 .5 6

195 3 3 .39 3 3 .39 35 .24 3.51 3.51 3 .5 6

2 1 0 3 0 .68 3 0 .68 3 2 .3 8 3 .4 2 3 .4 2 3 .4 8

2 2 5 2 8 .2 3 2 8 .2 3 2 9 .8 0 3 .34 3 .3 4 3 .3 9

2 4 0 2 6  23 2 6 .2 3 2 7 .6 8 3 .2 7 3 .2 7 3 .3 2

2 5 5 2 1 .8 7 2 1 .8 7 2 3 .0 9 3 09 3 .0 9 3 .14

2 70 2 1 .0 9 2 1 .0 9 22  26 3 .05 3 .0 5 3 .1 0

2 8 5 18.72 18.72 19.76 2 .9 3 2 .9 3 2 .9 8

3 00 18.74 18.74 19.78 2 .9 3 2 .9 3 2 .9 8

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 0 5 7  m in -1
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T a b l e  B53  P h o t o d e g r a d a t i o n  d a t a  of 2 m g % n i f e d i p i n e  with 16 m g %  s u n s e t  yel low

solut ion.

Tim e
(h)

% nifedipine R em ain in g เท (%  n ifed ip ine  R em ain in g)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 1 00 .0 0 4.61 4.61 4.61

15 9 4 .8 6 9 4 .9 5 9 7 .1 6 4 .5 5 4 .5 5 4 .5 8

30 9 1 .3 3 9 2 .3 3 9 2 .6 6 4.51 4 .5 3 4 .5 3

45 9 0 .5 9 9 0 .44 8 9 .2 2 4.51 4 .5 0 4 .4 9

60 8 4 .0 7 8 3 .8 6 8 8 .1 4 4 .4 3 4 .4 3 4 .4 8

75 8 0 .2 9 8 2 .07 8 1 .7 3 4 .3 9 4.41 4 .4 0

90 7 7 .2 9 7 9 .46 7 7 .74 4 .3 5 4 .3 8 4 .3 5

105 7 6 .0 0 7 6 .36 7 5 .2 5 4 .3 3 4 .3 4 4 .3 2

120 7 4 .12 7 2 .1 0 7 3 .6 5 4.31 4 .2 8 4 .3 0

135 6 9 .6 2 6 9 .9 2 7 0 .5 8 4 .24 4 .2 5 4 .2 6

150 6 6 .9 6 65.71 6 6 .6 7 4 .2 0 4 .1 9 4 .2 0

165 6 5 .4 5 6 4 .7 8 6 2 .9 0 4 .1 8 4 .1 7 4 .1 4

180 62.01 6 2 .57 6 1 .6 4 4 .1 3 4 .1 4 4 .1 2

195 59.51 6 0 .2 0 6 1 .1 6 4 .0 9 4 .1 0 4.11

2 10 5 5 .6 2 57.41 5 6 .8 6 4 .0 2 4 .0 5 4 .0 4

225 5 4 .4 8 53 .74 5 5 .0 5 4 .0 0 3 .9 8 4.01

2 40 5 2 .73 5 2 .97 5 1 .6 7 3 .9 7 3 .9 7 3 .9 4

2 55 5 1 .8 3 50 .74 5 1 .9 7 3 .9 5 3 .9 3 3 .9 5

2 7 0 4 9 .9 2 5 0 .3 5 4 9 .8 4 3.91 3 .9 2 3.91

2 85 4 9 .1 5 4 8 .2 4 4 8 .3 0 3 .8 9 3 .8 8 3 .8 8

300 4 7 .2 8 4 7 .3 7 4 6 .6 4 3 .8 6 3 .8 6 3 .8 4

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 0 2 6  m in -1
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T a b l e  B54  P h o t o d e g r a d a t i o n  d a t a  of 2 m g % n i f e d i p i n e  with 0 . 0 5 %  s o d i u m  bisulfite

solut ion .

Tim e
(h)

% nifedipine R em ain in g เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 100 .00 100 .00 1 00 .00 4.61 4.61 4.61

15 6 8 .8 5 6 9 .3 3 6 6 .4 2 4 .2 3 4 .2 4 4 .2 0

30 4 7 .0 9 47.41 4 8 .5 2 3 .8 5 3 .8 6 3 .8 8

45 3 2 .0 7 3 1 .4 6 3 2 .5 0 3 .4 7 3 .4 5 3 .4 8

60 2 2 .2 0 2 2 .3 6 2 2 .1 8 3 .1 0 3.11 3 .1 0

75 14.46 14.48 14.29 2 .6 7 2 .6 7 2 .6 6

90 10.80 10.82 11.02 2 .3 8 2 .3 8 2 .4 0

105 6 .8 8 6 .9 0 6 .8 8 1.93 1.93 1.93

120 4 .8 7 4 .9 7 5 .0 2 1.58 1.60 1.61

135 3 .1 2 3 .0 6 3.01 1.14 1.12 1.10

150 1.86 1.89 1.91 0 .6 2 0 .6 4 0 .6 5

165 1.46 1.44 1.44 0 .3 8 0 .3 6 0 .3 6

180 0 .0 0 0 .0 0 0 .0 0 - - -

195 0 .0 0 0 .0 0 0 .0 0 - - -

2 1 0 0 .0 0 0 .0 0 0 .0 0 - - -

2 2 5 0 .0 0 0 .0 0 0 .0 0 - - -

2 4 0 0 .0 0 0 .0 0 0 .0 0 - - -

2 5 5 0 .0 0 0 .0 0 0 .0 0 - - -

2 7 0 0 .0 0 0 .0 0 0 .0 0 - - -

2 8 5 0 .0 0 0 .0 0 0 .0 0 - - -

3 00 0 .0 0 0 .0 0 0 .0 0 - - -

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 2 5 7  m in -1
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T a b l e  B55  P h o t o d e g r a d a t i o n  d a t a  of 2 m g % n i f e d i p i n e  with 0 . 1 %  s o d i u m  bisulfite

solut ion .

T im e
(h)

% n ifedipine R em ain ing เท (%  n ifed ip ine  R em ain in g )

No. 1 No 2 No. 3 No. 1 No. 2 No. 3

0 1 00 .00 100 .00 100 .00 4.61 4 .61 4.61

15 6 9 .44 6 8 .09 6 9 .5 2 4 .24 4 .2 2 4 .24

30 4 8 .6 3 49.81 4 8 .8 4 3 .8 8 3.91 3 .8 9

4 5 32.01 3 1 .8 9  - 3 0 .7 9 3 .4 7 3 .4 6 3 .4 3

6 0 2 3 .3 3 2 2 .8 9 2 3 .2 3 3 .1 5 3 .1 3 3 .1 5

75 16.67 16.67 17.19 2.81 2 .81 2 .84

90 11.38 11.43 11.03 2 .4 3 2 .4 4 2 .4 0

105 7 .75 7.91 7.81 2 .05 2 .0 7 2 .0 5

120 5 .37 5 .30 5 .3 0 1.68 1.67 1.67

135 3 .4 2 3 .53 3 .47 1.23 1.26 1.24

150 0 .0 0 0 .0 0 0 .0 0 - - -

165 0 .0 0 0 .0 0 0 .0 0 - - -

180 0 .0 0 0 .00 0 .0 0 - - -

195 0 .0 0 0 .0 0 0 .0 0 - - -

2 1 0 0 .0 0 0 .0 0 0 .0 0 - - -

2 2 5 0 .0 0 0 .0 0 0 .0 0 - - -

2 4 0 0 .0 0 0 .0 0 0 .0 0 - - -

2 5 5 0 .0 0 0 .0 0 0 .0 0 - - -

2 70 0 .0 0 0 .0 0 0 .00 - - -

2 8 5 0 .0 0 0 .00 0 .00 - - -

3 00 0 .0 0 0 .0 0 0 .0 0 - - -

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 2 4 5  m in -1
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T a b le  B 5 6  P h o t o d e g r a d a t i o n  d a t a  of 2 ทาg % n i f e d i p i n e  with 0 . 5 %  s o d i u m  bisulfi te

solut ion .

T im e
(h)

% n ifed ip ine R em ain ing เท (%  n ifedipine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 1 00 .00 1 00 .00 100 .00 4.61 4.61 4.61

15 6 9 .7 7 6 9 .3 0 71.41 4 .2 5 4 .2 4 4 .2 7

30 5 4 .1 3 55 .24 5 3 .72 3 .9 9 4.01 3 .9 8

4 5 40.01 4 0 .3 5 4 1 .1 6 3 .6 9 3 .7 0 3 .7 2

60 2 8 .0 0 2 8 .6 0 2 8 .22 3 .3 3 3 .3 5 3 .34

75 2 0 .6 0 2 0 .3 9 19.77 3 .0 3 3 .0 2 2 .9 8

90 14.53 14.85 14.43 2 .6 8 2 .7 0 2 .6 7

105 10.61 10.83 10.69 2 .3 6 2 .3 8 2 .3 7

120 7 .4 6 7 .3 8 7 .44 2.01 2 .0 0 2.01

135 5.41 5 .3 9 5 .46 1.69 1.68 1 .70

150 3 .6 0 3.61 3 .6 3 1.28 1.28 1 .29

165 2 .6 2 2 .6 2 2 .6 0 0 .9 6 0 .9 6 0 .9 5

180 2 .0 4 2 .0 4 1.95 0.71 0 .7 2 0 .6 7

195 1.52 1.57 1.54 0 .4 2 0 .4 5 0 .4 3

2 1 0 1 .16 1.19 1.16 0 .1 5 0 .1 8 0 .1 5

2 2 5 0 .0 0 0 .0 0 0 .0 0 - - -

2 4 0 0 .0 0 0 .0 0 0 .0 0 - - -

2 5 5 0 .0 0 0 .0 0 0 .0 0 - - -

2 7 0 0 .0 0 0 .0 0 0 .0 0 - - -

2 8 5 0 .0 0 0 .0 0 0 .0 0 - - -

3 00 0 .0 0 0 .0 0 0 .0 0 - - -

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 2 1 6  m in -1
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T a b l e  B57 P h o t o d e g r a d a t i o n  d a t a  of 2 m g % n i f e d i p i n e  with 1 %  s o d i u m  bisulfi te

solut ion.

Tim e
(h)

%  n ifed ip ine R em ain in g เท (%  n ifed ip ine R em a in in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

0 1 00 .0 0 1 00 .0 0 1 00 .00 4.61 4.61 4.61

15 6 5 .9 5 6 4 .5 0 6 4 .7 9 4 .1 9 4 .1 7 4 .1 7

30 4 8 .5 9 4 8 .5 9 5 1 .2 2 3 .8 8 3 .8 8 3 .9 4

45 3 6 .9 0 3 6 .2 5 3 6 .7 0 3.61 3 .5 9 3 .6 0

60 27.41 2 7 .6 6 2 8 .1 5 3.31 3 .3 2 3 .3 4

75 2 1 .5 3 21.91 2 2  29 3 .07 3 .0 9 3 .1 0

90 16.17 16 .60 16.34 2 .7 8 2.81 2 .7 9

105 12.54 12.37 12.19 2 .5 3 2 .5 2 2 .5 0

120 8 .5 2 8 .4 3 8 .34 2 .1 4 2 .1 3 2 .1 2

135 6 .8 7 6 .8 7 6 .8 2 1.93 1.93 1 .92

150 5 .4 7 5 .3 7 5 .3 4 1.70 1.68 1.68

165 4 .0 9 4 .0 0 4 .0 6 1.41 1.39 1.40

180 2 .8 4 2 .8 8 2 .8 2 1.04 1.06 1.04

195 2 .1 0 2 .1 6 2 .14 0 .74 0 .7 7 0 .7 6

2 10 1.55 1.52 1.55 0 .44 0 .4 2 0 .4 4

225 0 .0 0 0 .0 0 0 .0 0 - - -

2 4 0 0 .0 0 0 00 0 .0 0 - - -

255 0 .0 0 0 .0 0 0 .0 0 - - -

2 70 0 .0 0 0 .0 0 0 .0 0 - - -

2 85 0 .0 0 0 .0 0 0 .0 0 - - -

3 00 0 .0 0 0 .0 0 0 .0 0 - - -

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 1 9 9  m in
-1
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Table B58 (cont.) Coefficient of determinations (R2) of zero-order, first-order, second- 
order and third-order kinetics of photodegradation data of nifedipine 
2 ทาg% solution added with various u v  absorbers and antioxidant of
varied concentrations

UV absorber / Antioxidant Zero-order First-order Second-order Third-order

tartrazine 
8 ทา g °/0

R: 0.9489 0.9972 0.9665 0.9355
SE 6.1701 3.373 E-02 5.280 E-03 6.799 E-04
F 1111.497 20164.180 688.286 206.793

tartrazine 
16 mg%

R2 0.9759 0.9984 0.9932 0.9866
SE 3.5746 3.068 E-02 1.144 E-03 8.004 E-05
F 1996.626 7924.091 1918.901 605.188

sun se t yellow 
2 mg%

R: 0.8154 0.9984 0.7898 0.5413
SE 12.1709 4.525 E-02 5.321 E-02 3.072 E-02
F 227.831 195.368 195.368 61.232

sun se t yellow 
4 กาg%

R: 0.8864 0.9972 0.9151 0.8338
SE 9.5946 4.746 E-02 1.784 E-02 4.566 E-03
F 469.788 19913.780 344.901 108.607

sun se t yellow 
8 ทาg°0

R2 0.9409 0.9956 0.9829 0.9649
SE 6.1850 4.248 E-02 3.093 E-03 3.457 E-04
F 918.017 9144.228 1111.391 307.917

sun se t yellow 
16 mg°o

R: 0.9819 0.9970 0.9779 0.9966
SE 2.4140 1.743 E-02 3.315 E-04 1.898 E-05
F 2826.980 11372.481 7022.585 2038.254

sod. bisulfite 
0.05 %

R2 0.7781 0.9986 0.7593 0.5466
SE 14.5470 5.041 E-02 0.1080 9 975 E-02
F 118.213 25572.375 107.415 40.863

sod. bisulfite 
0.1 %

R: 0.8369 0.9990 0.8536 0.7167
SE 12.7402 3.449 E-02 3.865 E-02 1.681 E-02
F 141.980 28268.351 120.165 38.553

sod. bisulfite 
0.5 %

R2 0.7630 0.9990 0.4545 0.2622
SE 14.4098 4.931 E-02 0.1199 0.1365
F 137.401 36497.071 158.784 54.416

sod. bisulfite 
1 %

R2 0.7520 0.9986 0.6295 0.4016
SE 14.0168 4.878 E-02 9.042 E-02 8.012 E-02
F 129.134 29333.444 142.539 46.257

Critical F value 4.10
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Photostabilization of nifedipine in solid state

Table B59 Photodegradation data of 1:2:8 nifedipine:Eudragit RS100:PVP K30 
microspheres, control group.

Tim e
(h)

C ontrol
% n ifed ip ine R em ain in g เท (%  n ifed ip ine R em ain in g)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.43 100.00 100.00 4.61 4.61 4.61 100.00
96.88 8.51 95.69 96.52 4.57 4.56 4,57 96.88
96.52 8.36 96.60 95.00 4.57 4.57 4.55 96.52
94.98 8.46 97.06 96.62 4.55 4,58 4.57 94.98
96.12 8.37 95.55 97.29 4.57 4.56 4.58 96.12
96.74 8.41 96.70 95.39 4.57 4.57 4.56 96.74
96.63 8.37 96.50 95.50 4.57 4.57 4.56 96.63
96.02 8.46 97.23 94.97 4.56 4.58 4.55 96.02
95.37 8.51 95.37 95.02 4.56 4.56 4.55 95.37
96.62 8.48 95.09 97.02 4.57 4.55 4.57 96.62
95.24 8.46 96.10 96.56 4.56 4.57 4.57 95.24
95.91 8.34 95.03 96.99 4.56 4.55 4.57 95.91
95.58 8.32 96.69 95.04 4.56 4.57 4.55 95.58
96.84 8.46 95.58 95.02 4.57 4.56 4.55 96.84
96.78 8.45 96.97 96.11 4.57 4.57 4.57 96.78
96.68 8.51 96.69 96.38 4.57 4.57 4.57 96.68
96.57 8.33 94.94 96.80 4.57 4.55 4.57 96.57
94.92 8.40 97.16 96.31 4.55 4.58 4.57 94.92
97.21 8.49 95.62 96.87 4.58 4.56 4.57 97.21
95.19 8.43 95.25 95.52 4.56 4.56 4.56 95.19
97.16 8.47 97.00 96.13 4.58 4.57 4.57 97.16
96.08 8.44 96.32 96.45 4.57 4.57 4.57 96.08
95.66 8.49 96.21 96.03 4.56 4.57 4.56 95.66
96.03 8.50 96.22 96.25 4.56 4.57 4.57 96.03
95.84 8.41 97.10 96.19 4.56 4.58 4.57 95.84

97.02 8.47 96.44 97.25 4.57 4.57 4.58 97.02

First-order degradation rate constant = 0.0041 h
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microspheres..
T a b l e  ธ 6 0  P h o t o d e g r a d a t i o n  d a t a  of 1:2:8 n i f e d ip i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

Time
(h)

Control
% nifedipine Remaining เท (% n ifed ip ine Remaining)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.33 100.00 100.00 100.00 4.61 4.61 4.61
96.88 8.41 96.33 93.34 93.81 4.57 4.54 4.54
96.52 8.49 82.99 80.71 84,09 4.42 4.39 4.43
94.98 8.42 77.46 82.42 76.02 4.35 4.41 4.33
96.12 8.35 66.26 62.10 63.92 4.19 4.13 4.16
96.74 8.33 55.78 50.58 48.45 4,02 _• 3.92 3.88
96.63 8.41 41.77 40.24 41.13 3.73 3.69 3.72
96.02 8.43 32.46 33.30 31.83 3.48 - 3.51 3.46
95.37 8.47 22.75 25.52 24.53 3.12 3.24 3.20
96.62 8.38 16.18 17.32 16.27 2.78 2.85 2.79
95.24 8.46 14.12 15.13 15.15 2.65 2.72 2.72
95.91 8.44 8.54 9.27 9.12 2.15 2.23 2 21
95.58 8.49 5.68 5.44 6.00 1.74 1.69 1.79
96.84 8.37 5.30 5.01 5.51 1.67 1.61 1.71
96.78 8.42 5.59 4.89 5.53 1.72 1.59 1.71
96.68 8.43 5.44 5.78 5.41 1.69 1.76 1.69
96.57 8.46 5.34 5.62 5.33 1.68 1.73 1.67
94.92 8.40 5.23 6.17 5.53 1,65 1.82 1.71
97.21 8.33 5.43 5.62 5.25 1.69 1.73 1.66
95.19 8.33 5.58 5.44 5.56 1.72 1.69 1.72
97.16 8.35 5.43 5.21 5.27 1.69 1.65 1.66
96.08 8.49 5.66 5.79 5.70 1.73 1.76 1.74
95.66 8.34 5.79 5.83 5.35 1.76 1.76 1.68
96.03 8.37 5.25 5.43 5.55 1.66 1.69 1.71
95.84 8.43 5.88 5.27 5.19 1.77 1.66 1.65
97.02 8.47 5.03 5.16 5.65 1.62 1.64 1.73

F ir s t - o rd e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .1 2 0 5  h
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T able B61 P h o t o d e g r a d a t i o n  d a t a  of า :2:8:4 n i fed ip ine ' .Eudr ag i t  R S 1 0 0 : P V P

K 3 0 : c u r c u m in  m i c r o s p h e r e s ,  cont ro l  g r o u p .

T im e
(h)

C ontrol
% n ifed ip ine R em ain in g เท (%  n ifed ip ine R em ain in g)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.42 100.00 100.00 100.00 4.61 4.61 4.61
96.88 8.48 95.44 95.79 94.70 4.56 4.56 4.55
96.52 8.42 93.83 94.41 95.85 4,54 4.55 4.56
94.98 8.47 95,15 95.66 95.45 4.56 4.56 4.56
96.12 8.39 95.04 94.87 94.18 4.55 4.55 4.55
96.74 8.50 95.03 95.23 94,74 4.55 4.56 4.55
96.63 8,37 93.90 94.64 95.78 4,54 4.55 4.56
96.02 8.39 95.80 95.46 ■ 95.90 4.56 4.56 4.56
95.37 8.51 94.85 95.94 94.78 4.55 4.56 4.55
96.62 8.50 94.95 94.03 94.93 4.55 4.54 4.55
95.24 8.37 95.55 95.32 94.03 4.56 4.56 4.54
95.91 8.45 95.25 95.50 94.68 4.56 4.56 4.55
95.58 8.33 94.98 95.24 94.95 4.55 4.56 4.55
96.84 8.33 94.89 94.50 94.97 4.55 4.55 4.55
96.78 8.51 94.81 94.23 96.14 4.55 4.55 4.57
96.68 8.41 94.64 95.53 93.81 4.55 4.56 4.54
96.57 8.40 94.68 94.42 94.84 4.55 4.55 4.55
94.92 8.40 96.05 95.71 95.81 4.56 4.56 4.56
97.21 8.46 95.30 95.18 94.96 4.56 4.56 4.55
95.19 8.38 94.87 94.53 95.87 4.55 4.55 4.56
97.16 8.37 94.01 94.08 94.50 4.54 4.54 4.55
96.08 8.50 94.06 95.06 94.24 4.54 4.55 4.55
95.66 8.49 95.18 93.81 95.77 4.56 4.54 4.56
96.03 8.47 93.88 95.46 94.36 4.54 4.56 4.55
95.84 8.43 94.97 95.27 95.73 4.55 4.56 4,56

97.02 8.37 94.38 94.14 94.43 4.55 4.54 4.55

F ir s t - o r d e r  d e g ra d a t io n  ra te  c o n s ta n t  =  0 .0 0 0 4  h -1
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T a b l e  B6 2  P h o t o d e g r a d a t i o n  d a t a  of 1:2:8:4 n i f e d ip i n e : E u d r a g i t  R S 1 0 0 :P V P

K 3 0 : c u r c u m in  m i c r o s p h e r e .

T im e
(h)

C ontrol
% n ifed ip ine R em ain in g in (%  n ifed ip ine R em ain in g)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.38 100.00 100.00 100.00 4.61 4.61 4,61
96.88 8.34 99.57 101.07 101.23 4.60 4.62 4.62
96.52 8.33 100.94 101.46 99.34 4.61 4.62 4.60
94.98 8.51 100.06 100.40 101.34 4.61 4.61 4.62
96.12 8.51 101.13 100.03 99.19 4.62 4.61 4.60
96.74 8.35 101.20 99.72 99.25 4.62 4,60 4.60
96.63 8.33 99.43 99.75 99.86 4.60 4.60 4.60
96.02 8.37 99.30 100.88 99.72 4.60 4.61 4.60
95.37 8.35 99.31 99.83 100.73 4.60 4.60 4.61
96.62 8.49 100.81 101.18 99.69 4.61 4.62 4.60
95.24 8.36 101.33 ■ 100.93 99.89 4.62 4.61 4.60
95.91 8.41 100.72 100.78 100.92 4.61 4.61 4.61
95.58 8.41 100.96 99.28 100.48 4.61 4.60 4.61
96.84 8.34 99.19 100.69 100.69 4.60 4.61 4.61

96.78 8.46 101.20 100.03 99.65 4.62 4.61 4.60
96.68 8.44 100.90 101.16 99.20 4.61 4.62 4.60
96.57 8.51 100.86 100.57 101.14 4.61 4.61 4.62
94.92 8.33 99.67 99.40 99.64 4.60 4.60 4.60

97.21 8.41 99.27 100.09 100.08 4.60 4.61 4.61
95.19 8.32 99.14 100.21 100.04 4.60 4.61 4.61

97.16 8.39 99.32 100.86 101.26 4.60 4.61 4.62
96.08 8.49 99.80 100.52 101.08 4.60 4.61 4.62
95.66 8.43 99.89 99.27 101.07 4.60 4.60 4.62
96.03 8.47 101.04 100.96 101.04 4.62 4.61 4.62
95.84 8.49 99.95 101.12 99.54 4.60 4.62 4.60

97.02 8.37 99.15 101.41 99.53 4.60 4.62 4.60

First-order deg radation  ra te  co n stan t = 0 .0014 h



Table ธ63 Coefficient of determinations (R2) of zero-order, first-order, second-order 
and third-order kinetics of photodegradation data of nifedipine 
microspheres (nifedipine:Eudragit RS100:PVP K30 of 1:2:8 mixing ratio) 
with and without curcumin

Zero -o rde r F irs t-o rde r S econd -o rde r Th ird -o rde r

W ithou t R: 0 .2099 0.2116 0 .2123 0.2127

cu rcum in , SE 3.6665 3 .673 E-02 3 .683  E-04 7 .396 E-06

con tro l F 1.565 1.462 1.363 1.266

W ithou t R2 0.8973 0.9968 0 .8507 0.6321

cu rcum in , SE 3.6143 3.611 E-02 3 .612 E-04 7 .236 E-06

expe rim en ta l F 3.512 3.408 3.304 3.201

W ith R; 0.0694 0.0706 0 .0718 0.0729

cu rcum in , SE 10.7913 6 .252 E-02 1.890 E-02 5 .266 E-03

con tro l F 313.358 8110.089 206 .410 61.927

W ith R2 0.0006 0.0006 0 .0006 0.0007

cu rcum in , SE 0.7883 7 .849 E-03 7 .815  E-05 1.556 E-06

e xpe rim en ta l F 0.031 0.029 0 .027 0 .025

Critical F value 4.10
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E ffe c t o f  ligh t, re la t iv e  h u m id ity  a n d  te m p e ra tu re  in  a m b ie n t a tm o s p h e re  on  s ta b iliz e d  
n ife d ip in e  m ic ro s p h e re s .

Table B64 Photodegradation data of 1:2:8 nifedipine:Eudragit RS100:PVP K30 
microspheres in ambient atmosphere.

T im e
C ontro l

%  n ifed ip ine R em ain in g เท (%  n ifed ip ine  R em ain in g )
(h) No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.37 100.00 100.00 100.00 4.61 4.61 4.61
96.88 8.46 96.31 96.66 93.80 4.57 4.57 4.54
96.52 8.33 88.62 86.18 87.29 4.48 4.46 4.47
94.98 8.45 76.66 78.58 77.21 4.34 4.36 4.35
96.12 8.40 62.03 62.44 63.96 4.13 4.13 4.16
96.74 8.45 53.80 53.59 53.17 3.99 3.98 3.97
96.63 8.41 43.71 44.86 44.21 3.78 3.80 3.79
96.02 8.48 37.65 37.73 36.65 3.63 3.63 3.60
95.37 8.50 30.14 30.69 29.98 3.41 3.42 3.40
96.62 8.45 25.59 25.73 25,28 3.24 3.25 3.23
95.24 8.36 20.54 20.29 20.64 3.02 3.01 3.03
95.91 8.41 13.81 13.99 13.82 2.63 2.64 2.63
95.58 8.36 9.53 9.50 9.72 2.25 2.25 2.27
96.84 8.33 9.84 9.84 9.33 2.29 2.29 2.23
96.78 8.41 11.03 10.90 10.76 2.40 2.39 2.38
96.68 8.33 10.47 10.22 10.17 2.35 2.32 2.32
96.57 8.36 9.94 10.05 10.15 2.30 2.31 2.32
94.92 8.46 9.88 9.88 9.95 2.29 2.29 2.30
97.21 8.43 12.58 12.53 12.76 2.53 2.53 2.55
95.19 8.36 10.42 10.26 10.24 2.34 2.33 2.33
97.16 8.44 9.77 9.76 9.98 2.28 2.28 2.30
96.08 8.44 12.04 12.04 11.81 2.49 2.49 2.47
95.66 8.46 10.00 9.79 9.82 2.30 2.28 2.28

96.03 8.42 10.32 10.31 9.99 2.33 2.33 2.30
95.84 8.50 10.92 10.76 11.06 2.39 2.38 2.40

97.02 8.45 10.23 10.48 10,36 2.32 2.35 2.34

First-order degradation rate constant = 0.0967 h
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T a b l e  B65 P h o t o d e g r a d a t i o n  d a t a  of 1:2:8:4 n i f e d ip i n e : E u d r a g i t  R S 1 0 0 : P V P

K 3 0 : c u r c u m in  m i c r o s p h e r e s  in a m b i e n t  a t m o s p h e r e .

T im e
(h)

C on tro l
%  n ifed ip ine R em ain in g เท (%  n ifed ip ine R em ain in g )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.37 100.00 100.00 100.00 4.61 4.61 4.61
96.88 8.40 99.65 99.08 99.68 4.60 4.60 4.60
96.52 8.33 98.02 98.34 100.05 4.59 4.59 4,61
94.98 8.36 98.28 98.90 98.27 4.59 4.59 4.59
96.12 8.36 99.76 99.88 99.20 4.60 4.60 4.60
96.74 8.40 99.00 98.14 98.95 4.60 4.59 4.59
96.63 8.34 99.00 100.02 99.71 4.60 4.61 4.60
96.02 8.47 98.30 98.90 98.82 4.59 4.59 4.59
95.37 8.41 98.72 99.17 97.96 4.59 4.60 4,58
96.62 8.35 98.79 98.27 99.62 4.59 4.59 4.60
95.24 8.47 99.98 98.28 99.32 4.61 4.59 4.60
95.91 8.42 99.89 98.21 99.76 4.60 4.59 4.60
95.58 8.39 99.59 99.74 100.08 4.60 4.60 4.61
96.84 8.47 100.20 100.04 99.90 4.61 4.61 4.60
96.78 8.47 99.69 99.09 99.59 4.60 4.60 4.60
96.68 8.43 100.18 1G0.19 98.39 4.61 4.61 4.59
96.57 8.42 98.40 100.09 98.35 4.59 4.61 4.59
94.92 8.49 98.39 99.65 99.61 4.59 4.60 4.60
97.21 8.36 99.63 99.76 98.63 4.60 4.60 4.59
95.19 8.48 97.88 100.18 99.67 4.58 4.61 4.60
97.16 8.34 99.12 97.96 97.99 4.60 4.58 4.58
96.08 8.32 100.17 100.02 99.19 4.61 4.61 4.60
95.66 8.46 98.90 98.46 100.10 4.59 4.59 4.61
96.03 8.42 98.14 98.91 98.92 4.59 4.59 4.59
95.84 8,39 97.88 98.78 100.12 4.58 4.59 4.61
97.02 8.41 99.49 100.01 98.99 4.60 4.61 4,60

First-order degradation  ra te  co n stan t = 0 .0005  h
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T a b l e  B66  P h o t o d e g r a d a t i o n  d a t a  of 1:2:8 m f e d i p i n e : E u d r a g i t  R S 1 0 0 : P V P  K30

m i c r o s p h e r e s  in a m b i e n t  a t m o s p h e r e ,  con tro l  g r o u p .

Tim e
(h)

Control
%  nifed ip ine R em ain in g เท (%  n ifed ip ine R em ain in g)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.33 100.00 100.00 100.00 4.61 4.61 4.61
96.88 8.37 100.10 100.37 100.11 4.61 4.61 4.61
96.52 8,34 100.23 100.10 100.12 4.61 4.61 4.61
94.98 8.40 100.15 100.42 100.19 4,61 4.61 4.61
96.12 8.49 100.07 100.32 100.46 4.61 4.61 4.61
96.74 8.45 100.64 100.44 100.26 4.61 4.61 4,61
96.63 8.50 100,63 100.55 99.96 4.61 4.61 4.60
96.02 8.38 100.47 100.62 100.55 4.61 4.61 4.61
95.37 8.33 100.59 100.58 100.42 4.61 4.61 4.61
96.62 8.44 100.39 100.67 100.23 4.61 4.61 4.61
95.24 8.43 100.43 100.30 100.39 4.61 4.61 4.61
95.91 8.37 100.58 99.93 100.25 4.61 4 60 4.61
95.58 8.37 100.70 100.16 100.01 4.61 4.61 4.61
96.84 8.34 100.43 99.98 100.41 4.61 4.60 4,61
96.78 8.33 100.06 100.19 100.18 4.61 4.61 4.61
96.68 8.34 100.06 100.51 100.19 4.61 4.61 4.61
96.57 8.42 100.72 100.22 100.56 4.61 4,61 4.61
94.92 8.40 100.19 100.44 100.56 4.61 4.61 4.61
97.21 8.49 100.02 100.29 100.10 4.61 4.61 4.61
95.19 8.36 100.35 100.42 100.14 4.61 4.61 4.61
97.16 8.43 100.68 100.40 100.57 4.61 4.61 4.61
96.08 8.47 100.36 100.00 100.42 4.61 4.61 4.61
95.66 8.44 100.36 100.51 100.02 4.61 4.61 4.61
96.03 8.36 100.49 100.43 100.44 4.61 4.61 4.61
95.84 8.36 100.08 100.14 100.10 4.61 4.61 4.61
97.02 8.51 100.65 100.66 100.24 4.61 4.61 4.61

First-order deg radation  ra te  co n stan t = 0 .0005 h
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T a b le  B 67 P h o to d e g ra d a t io n  d a ta  of 1 :2 :8 :4  n ife d ip in e :E u d ra g i t  R S 100 :P V P

K 3 0 :c u rc u m in  m ic r o s p h e re s  in a m b ie n t  a tm o s p h e r e ,  co n tro l g ro u p .

Tim e
C ontrol

% n ifed ip ine R em ain ing เท (%  n ifed ip in e  R em ain in g )

(h) No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

100.00 8.49 100.00 100.00 100.00 4.61 4.61 4.61

96.88 8.41 100.04 100.62 100.13 4.61 4.61 4.61

96.52 8.40 100.37 100.16 100.59 4.61 4,61 4.61

94.98 8.42 100.26 100.51 100.11 4.61 4.61 4.61

96.12 8.48 99.99 99.96 100.65 4.61 4.60 4.61

96.74 8.34 100.65 100.20 100.33 4.61 4.61 4.61

96.63 8.38 100.31 100.40 100,29 4.61 4.61 4.61

96.02 8.49 100.53 100.01 100.40 4.61 4.61 4.61

95.37 8.45 100.45 99.94 100.16 4.61 4.60 4.61

96.62 8.43 99.96 100,38 100.00 4.60 4.61 4.61

95.24 8.34 100.00 100.42 100.19 4.61 4.61 4,61

95.91 8.36 100.54 100.21 100.32 4.61 4.61 4.61

95.58 8.32 100.27 100.20 100.66 4.61 4.61 4,61

96.84 8.39 100.53 100.72 100.71 4.61 4.61 4.61

96.78 8.50 100.06 100.01 100.09 4.61 4.61 4.61

96.68 8.46 100.00 100.31 100.03 4.61 4.61 4.61

96.57 8.48 100.42 100.39 100.05 4.61 4.61 4.61

94.92 8.37 100.52 100.42 100.17 4.61 4.61 4.61

97.21 8.40 100.12 100.02 100.16 4.61 4.61 4.61

95.19 8.45 100.15 100.57 100.41 4.61 4.61 4.61

97.16 8.41 100.29 100.25 99.94 4.61 4.61 4.60

96.08 8.43 100.14 100.12 100.22 4.61 4.61 4.61

95.66 8.40 100.08 100.71 100.05 4.61 4.61 4.61

96.03 8.33 100.64 100.53 100.20 4.61 4.61 4.61

95.84 8.37 100.68 100.06 100.52 4.61 4.61 4.61

97.02 8.46 100.72 100.67 100.55 4.61 4.61 4,61

First-order degradation rate constant = 0.0002 h



Table B68 Coefficient of determinations (R2) of zero-order, first-order, second-order 
and third-order kinetics of photodegradation data of nifedipine 
microspheres (nifedipiกe:Eudragit RS100:PVP K30 of 1:2:8 mixing ratio) 
with and without curcumin under ambient atmosphere

Zero-order First-order Second-order Third-order

Without FT 0.1782 0.1779 0.1778 0.1778
curcumin, SE 28.1984 0.5854 1.878 E-02 1.895 E-03

control F 10.548 7.372 3.929 1.880
Without FT 0.9023 0.9991 0.9577 0.9054

curcum in, SE 0.8785 8.854 E-03 8.924 E-05 1.799 E-06
experim ental F 0.336 0.356 0.346 0.356

With FT 0.1369 0.1368 0.1367 0.1367
curcumin, SE 3.6147 3.611 E-02 3.612 E-04 7.236 E-06

control F 3.512 3.408 3.304 3.201
With FT 0.0006 0.0080 0.0081 0.0081

curcumin, SE 3.665 3.673 E-02 3.683 E-04 7.396 E-06
experim ental F 1.565 1.462 1.363 1.266

Critical F value 4.10



APPENDICES c

Dissolution data

and summary of coefficient of determination of zero-order, first-order, 
second-order and Higuchi equation.
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T a b l e d  D isso lu tio n  d a ta  of 1 :2 :8  n ife d ip in e :E u d ra g it R S 10 0 :P V P  K30

m ic r o s p h e r e s  in th e  c o n tro l g ro u p .

Tim e
(m in.)

% nifed ipine re le a s e d เท (% nifed ip ine r e le a s e d )

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

5 2 8 .4 3 2 9 .1 2 31.01 3 .3 5 3 .3 7 3 .4 3

10 3 4 .4 8 3 4 .1 8 32 .5 3 3.54 3.53 3 .4 8

15 3 6 .2 6 34 .1 3 3 4 .6 7 3 .59 3 .53 3 .5 5

20 36 .4 7 3 6 .1 6 36 .6 4 3 .6 0 3 .59 3 .6 0

30 3 7 .1 6 37.81 3 9 .0 3 3 .62 3 .6 3 3 .6 6

45 39 .7 9 4 0 .0 7 4 0 .1 4 3 .68 3 .6 9 3 .6 9

60 4 3 .9 8 45 .21 45.81 3.78 3.81 3 .8 2

90 4 6 .9 8 4 7 .2 4 46 .4 0 3 .85 3 .86 3 .84

120 5 1 .0 9 4 9 .6 6 5 0 .1 2 3 .9 3 3.91 3.91

180 5 5 .1 0 54 .5 8 5 2 .9 8 4.01 4 .0 0 3.97

2 4 0 58 .0 0 57.21 5 8 .0 3 4 .0 6 4 .0 5 4 .0 6

3 0 0 6 2 .3 7 6 2 .6 3 63 .8 4 4 .1 3 4 .14 4 .1 6

3 6 0 66.41 66 .3 4 65 .94 4 .2 0 4 .1 9 4 .1 9

4 2 0 7 1 .0 0 6 9 .9 8 68 .3 6 4 .2 6 4 .2 5 4 .2 2

5 4 0 7 4 .5 3 72 .6 7 74 .1 2 4.31 4 .2 9 4.31

6 6 0 7 8 .2 8 76 .3 4 78 .0 6 4 .3 6 4 .3 4 4 .3 6

7 8 0 8 2 .1 6 8 1 .9 0 79 .57 4.41 4.41 4 .3 8

1200 9 5 .3 3 95.11 92.91 4 .5 6 4 .5 6 4 .5 3

1440 9 7 .6 2 9 8 .3 3 9 7 .5 9 4 .5 8 4 .5 9 4 .5 8

H iguch i d isso lu tio n  ra te  c o n s ta n t  (% r e le a s e d  / h ~'r‘') 1 .9386 1 .9282 1 .8837
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T a b le  C 2  D isso lu tio n  d a ta  of 1 :2 :8  n ife d ip in e :E u d ra g i t  R S 1 0 0 :P V P  K30

m ic r o s p h e re s  in th e  e x p e r im e n ta l g ro u p .

Time
(min.)

%nifedipine released เท (%nifedipine released)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3
5 2 8 .2 5 2 8 .5 4 2 5 .3 4 3 .3 4 3 .3 5 3 .23
10 27 .1 4 2 8 .5 2 2 8 .1 6 3 .3 0 3 .3 5 3 .3 4

15 2 9 .4 2 2 9 .6 7 2 8 .5 3 3 .3 8 3 .3 9 3 .35
20 31 .8 0 31.61 2 9 .0 8 3 .4 6 3 .4 5 3 .3 7

30 34 .3 4 3 5 .1 6 3 4 .1 8 3 .5 4 3 .5 6 3 .5 3

45 35.01 3 5 .2 5 34.51 3 .5 6 3 .5 6 3 .5 4

60 37 .8 4 37 .7 4 3 4 .6 3 3 .6 3 3 .6 3 3 .54

90 4 0 .8 5 4 1 .3 9 4 3 .2 5 3.71 3 .7 2 3 .7 7
120 4 3 .7 0 4 5 .1 6 4 5 .0 9 3 .7 8 3.81 3.81
180 4 9 .3 5 5 0 .0 8 4 7 .6 0 3 .9 0 3.91 3 .86
2 4 0 50.61 50.01 5 1 .6 9 3 .9 2 3.91 3 .9 5

300 57 .4 2 57 .2 2 56 .8 7 4 .0 5 4 .0 5 4 .0 4

3 6 0 62 .0 4 6 2 .2 8 5 9 .4 0 4 .1 3 4 .1 3 4 .0 8
4 2 0 64 .4 6 6 4 .6 9 6 2 .1 6 4 .1 7 4 .1 7 4 .1 3
540 6 5 .4 8 66 .1 4 6 5 .9 3 4 .1 8 4 .1 9 4 .1 9
6 6 0 70 .9 9 7 1 .1 8 7 4 .1 6 4 .2 6 4 .2 7 4.31
7 8 0 76 .3 5 7 5 .4 5 74.91 4 .3 4 4 .3 2 4 .3 2

1200 8 8 .6 5 8 8 .6 2 8 7 .1 7 4 .4 8 4 .4 8 4 .4 7

1440 9 5 .1 6 9 5 .0 5 9 6 .7 4 4 .5 6 4 .5 5 4 .5 7

H iguch i d isso lu tio n  ra te  c o n s ta n t  (% r e le a s e d  /  h ~,/2) 1 .9 0 9 5 1 .8 8 3 7 1 .9 4 7 8



Table C3 D isso lu tio n  d a ta  of 1 :2 :8 :4  n ife d ip in e :E u d ra g it  R S 1 0 0 :P V P  K 3 0 :cu rcu m in

m ic r o s p h e re s  'เก th e  c o n tro l g ro u p .

Time
(min.)

%nifedipine released เท (%nifedipine released)

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3
5 2 3 .6 0 2 3 .0 6 2 8 .2 5 3 .1 6 3 .14 3 .3 4

10 2 8 .7 2 2 7 .6 7 2 4 .2 2 3 .3 6 3 .3 2 3 .1 9

15 2 9 .0 5 2 8 .2 6 2 8 .8 8 3 .3 7 3 .3 4 3 .3 6
20 3 0 .8 8 3 1 .0 9 28 .8 7 3 .4 3 3 .4 4 3 .3 6
30 33 .9 5 35 .5 6 32 .5 5 3 .5 2 3 .5 7 3 .4 8

45 3 4 .9 2 36 .1 4 39.01 3 .5 5 3 .5 9 3 .6 6
6 0 38 .1 7 40.61 4 0 .8 6 3 .6 4 3 .7 0 3.71

9 0 4 4 .8 2 4 4 .1 7 4 5 .5 9 3 .8 0 3 .7 9 3 .8 2

120 4 9 .4 5 4 7 .9 7 4 5 .8 3 3 .9 0 3 .8 7 3 .8 3
180 53 .8 3 5 2 .1 3 4 9 .6 2 3 .9 9 3 .9 5 3 .9 0
2 4 0 5 3 .8 2 5 5 .7 0 5 5 .4 2 3 .9 9 4 .0 2 4.01

3 0 0 59.31 6 3 .5 9 60 .9 4 4 .0 8 4 .1 5 4.11

3 6 0 6 2 .0 8 6 2 .4 4 6 4 .0 2 4 .1 3 4 .1 3 4 .1 6
4 2 0 6 6 .7 5 6 5 .8 7 6 3 .6 4 4 .2 0 4 .1 9 4 .1 5
5 4 0 7 0 .8 8 6 7 .1 3 6 8 .8 3 4 .2 6 4.21 4 .2 3
6 6 0 7 2 .6 2 76 .84 75 .0 5 4 .2 9 4 .3 4 4 .3 2
7 8 0 79 .74 7 9 .3 9 73 .5 7 4 .3 8 4 .3 7 4 .3 0

1200 8 7 .8 5 8 6 .3 7 91 .6 4 4 .4 8 4 .4 6 4 .5 2

1440 93 .5 4 9 7 .0 6 9 4 .7 3 4 .5 4 4 .5 8 4 .5 5

H ig u ch i d isso lu tio n  ra te  c o n s ta n t  (% r e le a s e d  /  h ~,/2) 1 .9 4 2 8 1 .9 7 2 2 1 .9 5 2 6
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T a b le  C 4  D isso lu tio n  d a ta  of 1 :2:8:4 n ife d ip in e :E u d ra g it  R S 1 0 0 :P V P  K 3 0 :c u rc u m in

m ic r o s p h e re s  in th e  e x p e r im e n ta l g ro u p .

Time %nifedipine released เท (%nifedipine released)
(min.) No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

5 2 5 .6 2 2 5 .6 5 2 7 .5 5 3 .24 3 .24 3 .3 2

10 2 8 .0 4 2 8 .5 7 2 6 .7 3 3 .3 3 3 .3 5 3 .2 9

15 31 .2 7 2 9 .6 3 31 .64 3 .44 3 .3 9 3 .4 5

2 0 32.01 3 1 .9 2 31.11 3 .47 3 .4 6 3 .4 4

30 32.91 3 4 .1 8 33 .47 3 .4 9 3 .5 3 3.51

4 5 3 6 .6 3 3 5 .0 0 35 .9 2 3 .6 0 3 .5 6 3 .5 8

60 3 6 .2 3 36 .0 7 38 .9 5 3 .5 9 3 .5 9 3 .6 6

90 4 1 .3 5 4 0 .4 3 38 .55 3 .72 3 .7 0 3 .6 5

120 4 3 .5 2 4 4 .2 6 4 2 .9 0 3 .77 3 .7 9 3 .7 6

180 4 8 .5 6 4 9 .5 5 48 .7 4 3 .8 8 3 .9 0 3 .8 9

2 4 0 51 .7 8 51 .6 6 53 .1 9 3 .95 3 .9 4 3 .9 7

3 0 0 56 .9 8 57 .1 9 57.31 4 .0 4 4 .0 5 4 .0 5

3 6 0 60 .5 4 60 .1 7 58 .7 8 4 .1 0 4 .1 0 4 .0 7

4 2 0 6 3 .5 7 63.31 6 1 .7 5 4 .1 5 4 .1 5 4 .1 2

5 4 0 6 8 .4 9 6 8 .8 7 65 .7 4 4 .2 3 4 .2 3 4 .1 9

6 6 0 73 .2 3 71 .5 5 71 .25 4 .2 9 4 .2 7 4 .2 7

7 8 0 7 4 .9 5 7 6 .9 8 75 .74 4 .3 2 4 .3 4 4 .3 3

1200 8 9 .6 8 8 7 .9 2 88 .1 2 4 .5 0 4 .4 8 4 .4 8

1440 9 4 .2 4 94 .0 0 94 .84 4 .5 5 4 .5 4 4 .5 5

H iguch i d isso lu tio n  ra te  c o n s ta n t  (% re le a s e d  / h “' ๆ 1 .9153 1.8931 1 .8 8 7 0
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Table C5 Coefficient of determination (R2) of 
kinetics and Higuchi equation 
microspheres (nifedipine:Eudragit 
without curcumin

zero-order, first-order, second-order 
of dissolution data of nifedipine 
RS100:PVP K30 of 1:2:8) with and

Zero-order First-order Second-order Higuchi
equation

Without R2 0.8955 0.7838 0.6519 0.9948
curcumin, SE 6.6777 0.1685 4.154 E-03 1.6366

control F 470.178 199.014 102.854 8688.412
Without R2 0.9172 0.8019 0.6659 0.9622

curcumin, SE 5.9417 0.1762 4.946 E-03 1.4546
experim ental F 606.151 221.197 108.375 10176.012

With R2 0.8692 0.7305 0.5740 0.9825
curcumin, SE 7.6578 0.2151 6.059 E-03 2.7204

control F 365.112 148.907 74.003 3274.028
With R2 0.9168 0.8023 0.6647 0.9582

curcumin, SE 5.9294 0.1753 4.929 E-03 1.0626
experim ental F 604.076 222.960 108.978 20468.230

Critical F value 4.10



APPENDICES อ

Moisture uptake data
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T a b le  D1 % M oisture u p ta k e  a t  31 %RH 4 0  °c by n ifed ip ine  m ic ro sp h e re s  sp ray
d ried  a t  55 °c.

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 5 11 16 21

1:10:0 0 -0.62 -0.09 -0.19 0.19 0.01 -0.31
1:5:5 0 -0.79 -0.09 -0.49 -0.63 -0.37 -1.00

1:0:10 0 -0.35 -0.09 0.45 0.22 0.45 -0.14

Table D2 % Moisture uptake at 31 %RH 40 c by nifedipine microspheres spray 
dried at 65 °c.

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 5 11 16 21

1:10:0 0 -0.53 -0.43 -0.16 -0.08 -0.53 -0.12
1:5:5 0 -2.28 -2.30 -2.78 -2.32 -3.17 -2.92
1:2:8 0 -0.65 -0.34 -0.74 -0.26 -1.01 -0.73

1:0:10 0 0.54 0.71 -0.03 0.58 0.03 0.30

Table D3 % Moisture uptake at 31 %RH 40 °c  by nifedipine microspheres spray dried 
at 75 °c.

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 5 11 16 21

1:10:0 0 0.43 0.32 0.46 0.40 0.11 0.11
1:5:5 0 -0.71 -0.52 -0.46 -0.63 -1.04 -1.14
1:2:8 0 -0.05 0.85 0.42 0.73 0.41 0.42
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T a b le  D4 % M oisture up tak e  a t 53 %RH 40  °c by n ifed ip ine  m ic ro sp h e re s  sp ra y
d ried  a t  55 üc.

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 3 6 12 17 21

1:10:0 0 0 .1 7 0 .5 5 0 .8 7 0 .6 0 0 .7 9 0 .6 7 0 .6 9

1:8:2 0 1 .1 2 1 .4 8 1 .2 5 1.91 1 .9 8 1 .4 6 1 .6 4

1:5:5 0 2 .4 6 2 .6 8 2 .8 9 3 .1 2 3 .1 1 3 .0 8 3.01

1:2:8 0 3 .7 2 4 .2 0 4 .2 0 4 .0 3 4 .4 8 4 .3 6 4 .3 9

1:0:10 0 5 .1 8 5 .5 9 5 .2 6 5 .4 4 5 .7 1 5 .4 5 5 .3 7

T a b le  D5 % M oisture u p tak e  a t 53 %RH 4 0  c  by n ifed ip ine m ic ro s p h e re s  sp ra y  dried
a t 65 ° c .

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 3 6 12 17 21

1:10:0 0 0 .0 5 -0 .2 6 0 .1 4 0 .0 3 0 .3 3 -0 .0 9 -0 .1 4

1:8:2 0 1 .0 2 0 .61 1 .2 3 1.51 1 .7 0 1 .1 2 1 .7 0

1:5:5 0 0 .8 9 1 .6 4 1 .9 2 2 .5 2 2 .6 0 2 .2 8 2 .4 4

1:2:8 0 2 .1 2 2 .7 7 3 .6 4 4 .0 8 4 .1 0 3 .2 6 3 .9 3

1:0:10 0 2 .7 5 4 .5 3 5.41 5 .0 8 5 .6 8 4 .9 6 5 .6 5

Table D6 % M oisture u p tak e  a t 53 %RH 40  °c  by  n ifed ip ine m ic ro s p h e re s  s p ra y  d ried
a t 75 °c.

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 3 6 12 17 21

1:10:0 0 0 .21 0 .5 5 0 .8 3 0 .7 9 0.95 0 .3 8 0 .8 2

1:8:2 0 1 .0 0 1 .4 2 1 .4 6 1.34 1.36 1.26 1 .0 6

1:5:5 0 1 .8 8 2 .2 0 2.55 2.25 2.75 2 .4 1 2 .7 9

1:2:8 0 2.75 3.28 3.52 3.32 3.21 3.00 3 .4 5

1:0:10 0 6.01 6.41 6.67 6.55 6.38 6.11 6 .2 7



211

T a b le  D7 % M oisture u p tak e  a t 75 %RH 40  °c by n ifed ip ine m ic ro s p h e re s  sp ra y  d ried
a t 55 °c.

Nifedipine. Eudrag 
RS100:PVP K30

it Day
0 1 2 3 6 12 17 21

1:10:0 0 .0 0 1 .4 6 1 .7 7 1 .8 9 2 .0 3 1.91 1 .6 2 1 .6 3

1:8:2 0 .0 0 4 .4 9 4 .8 9 4 .8 4 5 .1 7 5 .1 2 4 .8 3 4 .9 4

1:5:5 0 .0 0 7 .8 6 8 .5 0 8 .3 7 8 .6 4 8 .6 8 8 .4 2 8 .6 6

1:2:8 0 .0 0 1 2 .6 7 1 2 .9 8 13 .41 1 3 .7 6 1 3 .4 2 1 3 .2 8 1 3 .3 0

1:0:10 0 .0 0 1 5 .8 4 1 6 .4 9 1 6 .6 6 1 6 .9 2 1 6 .8 8 1 6 .6 6 1 6 .7 0

Table D8 % Moisture uptake at 75 %RH 40 °c by nifedipine microspheres spray dried
at 65 °c.

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 3 6 12 17 21

1:10:0 0 0 .4 7 0.91 0 .9 2 1 .1 8 0 .8 4 0 .7 2 0 .6 6

1:8:2 0 4 .0 5 4.41 4 .2 7 4 .8 3 4 .8 1 4 .5 5 4 .1 8

1:5:5 0 8 .0 6 8 .41 8 .7 9 8 .9 5 8 .61 8 .0 9 8 .5 9

1:2:8 0 1 2 .4 8 1 3 .0 7 13 .01 1 3 .3 6 1 3 .3 2 1 2 .9 4 1 2 .9 8

1:0:10 0 15 .81 1 6 .3 5 1 6 .5 7 1 7 .1 8 1 6 .9 3 1 6 .8 8 16 .91

Table D9 % Moisture uptake at 75 %RH 40 °c by nifedipine microspheres spray dried 
at 75 °c.

N i f e d i p i n e : E u d r a g i t  D a y

RS100:PVP K30 0 1 2 3 7 13 18 21
1:10:0 0 0 .6 4 1 .1 2 1.27 1.48 1.54 1.63 1 .6 7

1:8:2 0 4.35 4.46 4.71 4.79 4.76 4.33 4.86
1:5:5 0 6.81 8.05 8.44 8.38 8.51 8.78 8.82
1:2:8 0 10.72 11.70 12.17 12.52 12.62 12.22 12.31

1:0:10 0 14.91 16.55 17.55 17.66 17.84 17.84 17.81
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T a b le  D 10 % M oisture u p ta k e  a t 96 %RH 40 c  by nifedipine m ic ro sp h e re s  sp ra y  d ried
a t 55 Jc.

Nifedipine: Eudragit Day
RS100:PVP K30 0 1 2 3 6 12 17 21

1:10:0 0 4.88 5.29 5.46 6.29 6.12 6.24 6.11
1:8:2 0 13.29 15.53 17.15 18.91 21.96 21.46 21.09
1:5:5 0 22.85 29.43 31.52 36.10 41.31 40.61 40.14
1:2:8 0 31.33 38.41 40.80 52.30 56.89 59.02 59.18

1:0:10 0 36.89 46.75 51.06 64.79 71.58 70.05 70.79

T a b le  D11 % M oisture u p tak e  a t 96  %RH 
a t 65 °c.

40  °c  by nifedipine m ic ro sp h e re s  sp ra y  d ried

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 3 6 12 17 21

1:10:0 0 4.57 5.59 5.22 6.58 6.16 5.97 5.68

1:8:2 0 13.54 15.99 16.13 19.10 19.33 20.37 19.52
1:5:5 0 23.41 28.88 29.60 36.72 39.91 42.47 39.26
1:2:8 0 30.92 37.70 40.26 52.28 56.65 59.34 56.70

1:0:10 0 36.69 45.59 50.91 63.78 72.47 70.30 70.22

T a b le  D12 % M oisture u p ta k e  a t 96 %RH 
a t 75 °c.

40 °c  by nifedipine m ic ro sp h e re s  sp ra y  d ried

Nifedipine:Eudragit Day
RS100:PVP K30 0 1 2 3 6 12 17 21

1:10:0 0 4.22 5.64 4.89 5.99 6.16 5.09 4.68

1:8:2 0 13.24 15.09 15.28 20.07 19.74 20.28 18.70

1:5:5 0 22.18 27.95 30.24 36.83 37.04 40.03 38.77

1:2:8 0 29.85 38.06 41.13 51.19 57.30 59.13 57.01

1:0:10 0 37.38 46.10 51.00 65.49 73.38 73.98 72.37



APPENDICES E

Data S tatistic A nalysis



T a b le  E1 K ruskal-W allis  te s t  fo r n ife d ip in e  m ic r o s p h e re s  p a r t ic le  s iz e s

N Mean rank
550 1 15.00
552 1 12.00
555 1 14.00
558 1 10.00

5510 1 8.00
650 ! 7.00
652 1 13.00
655 1 6.00
658 1 3.00

6510 1 11.00
750 1 9.00
752 1 5.00
755 1 4.00
758 1 2.00

7510 1 1.00
Kruskal-Wallis test Chi-square = 14.00

Critical Chi-square = 23.685
df = 14
p-value = 0.450
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Table E2 Three-way analysis of variance for 
nifedipine microsphere of varied 
temperature

degradation rate constant (k) 
PVP K30 content and inlet

of
air

Source df ss MS F cal F critical 
value p-value

Between tem p 2 3.994E-02 1.997E-02 58.208 19.50 0.000
Between PVP 4 0.334 8.338E-02 243.049 5.63 0.000
Between time 13 402.193 30.938 90183.432 2.21 0.000
temp-PVP interaction 8 0.138 1.719 E-02 50.122 2.93 0.000
tem p-tim e interaction 24 0.276 1.149 E-02 33.499 1.73 0.000
PVP-ttme interaction 48 0.348 7.247 E-03 21.126 1.56 0.000
temp-PVP-time interaction 92 0.429 4.658 E-03 13.578 1.46 0.000
Error 384 0.132 3.431 E-04
Total 576 7642.251

Test between inlet air temperature

M ultip le C o m p a r is o n s

Dependent Variable: เท c 
Scheffe

(I) Inlet Air Temp (J) Inlet Air Temp
Mean

Difference
(พ ) std. Error Sig.

95% Confidence 
Interval

Lower
Bound

Upper
Bound

55 Deg Celc 65 Deg Celc -1.472E-02* 1.898E-03 .000 -1.94E-02 -1.01 E-02
75 Deg Celc 4.514E-02* 1.883E-03 .000 4.051 E-02 4.977E-02

65 Deg Celc 55 Deg Celc 1 472E-02* 1.898E-03 000 1 006E-02 1 939E-02
75 Deg Celc 5.986E-02* 1.891 E-03 .000 5.522E-02 6.451 E-02

75 Deg Celc 55 Deg Celc -4.514E-02* 1 883E-03 .000 -4.98E-02 -4.05E-02
65 Deg Celc -5.986E-02* 1.891 E-03 .000 -6.45E-02 -5.52E-02

Based on observed means.
*■  The mean difference is significant at the .05 level.
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Test between PVP K30 ratio

M ultip le C o m p a r is o n s
Dependent Variable: เท c  
Scheffe

(I) PVP ratio (J) PVP ratio

Mean
Difference

(l-J) std. Error Sig.

95% Confidence 
Interval

Lower
Bound

Upper
Bound

0 2 9.081 E-02* 2.437E-03 .000 8.327E-02 9.836E-02
5 .1792* 2.422E-03 .000 .1717 .1867
8 5.009E-02* 2.453E-03 .000 4.249E-02 5.768E-02
10 -5.811E-03 2.470E-03 .239 -1.35E-02 1 834E-03

2 0 -9.081 E-02* 2.437E-03 .000 -9.84E-02 -8.33E-02
5 8.835E-02* 2.406E-03 .000 8.091E-02 9.580E-02
8 -4.072E-02* 2.437E-03 .000 -4.83E-02 -3.32E-02
10 -9 662E-02* 2.454E-03 .000 -1042 -8 90E-02

5 0 -.1792* 2 422E-03 .000 -.1867 -.1717
2 -8.835E-02* 2.406E-03 .000 -9.58E-02 -8.09E-02
8 -.1291* 2.422E-03 .000 -.1366 -.1216
10 -.1850* 2.439E-03 .000 -.1925 -.1774

8 0 -5.009E-02* 2.453E-03 .000 -5.77E-02 -4.25E-02
2 4 072E-02* 2.437E-03 .000 3.318E-02 4 827E-02
5 .1291* 2.422E-03 .000 .1216 .1366
10 -5.590E-02* 2.470E-03 .000 -6.35E-02 -4.83E-02

10 0 5.811E-03 2 470E-03 .239 -1.83E-03 1.346E-02
2 9.662E-02* 2.454E-03 .000 8.903E-02 .1042
5 .1850* 2.439E-03 .000 .1774 .1925
8 5.590E-02* 2.470E-03 .000 4.825E-02 6.354E-02

Based on observed means.
* The mean difference is significant at the .05 level
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Test between formulas
M ultip le C o m p a r is o n s

Dependent Variable: เท c  
Scheffe

(I) Formula (J) Formula
Mean

Difference
(l-J) std. Error Siq.

95% Confidence Intentai
Lower
Bound

Upper
Bound

550 552 4.949E-02* 4.194E-03 .000 2.892E-02 7.006E-02
555 5.615E-02* 4.194E-03 .000 3.559E-02 7.672E-02
558 6.513E-02* 4.194E-03 .000 4.456E-02 8.570E-02
650 -.1345* 4.281E-03 .000 -.1555 -.1135
652 3.667E-02* 4.194E-03 .000 1.610E-02 5.723E-02
655 .2725* 4.119E-03 .000 .2523 .2927
658 -.1223* 4.281 E-03 .000 -.1433 -.1013
750 5.385E-03 4.194E-03 1.000 -1.52E-02 2.595E-02
752 6 436E-02* 4.194E-03 .000 4.379E-02 8.493E-02
755 7.667E-02* 4.194E-03 .000 5.610E-02 9.723E-02
758 7.538E-02* 4.194E-03 .000 5.482E-02 9.595E-02
5510 -.1131* 4.281 E-03 .000 -.1341 -9.21 E-02
6510 -.1073* 4.281 E-03 .000 -.1283 -8.63E-02
7510 7.128E-02* 4.194E-03 .000 5.071 E-02 9.185E-02

552 550 -4.9487E-02* 4.194E-03 .000 -7.01 E-02 -2.89E-02
555 6.667E-03 4.194E-03 1.000 -1.39E-02 2.723E-02
558 1.564E-02 4.194E-03 .459 -4.93E-03 3.621 E-02
650 -.1840* 4.281 E-03 .000 -.2050 -.1630
652 -1.2821E-02 4.194E-03 .806 -3.34E-02 7.747E-03
655 .2230* 4.119E-03 .000 .2028 .2432
658 -.1718* 4.281 E-03 .000 -.1928 -.1508
750 -4.4103E-02* 4.194E-03 .000 -6.47E-02 -2.35E-02
752 1.487E-02 4.194E-03 .561 -5.70E-03 3.544E-02
755 2.718E-02* 4.194E-03 .000 6.612E-03 4.775E-02
758 2.590E-02* 4.194E-03 .001 5.330E-03 4.647E-02
5510 -.1626* 4.281 E-03 .000 -.1836 -.1416
6510 -.1568* 4.281 E-03 .000 -.1778 -.1358
7510 2.179E-02* 4.194E-03 .022 1.227E-03 4.236E-02

555 550 -5.6154E-02* 4.194E-03 .000 -7.67E-02 -3.56E-02
552 -6.6667E-03 4.194E-03 1.000 -2.72E-02 1 390E-02
558 8.974E-03 4.194E-03 .990 -1.16E-02 2.954E-02
650 -.1907* 4.281E-03 .000 -.2117 -.1697
652 -1 9487E-02 4.194E-03 .094 -4.01 E-02 1.081E-03
655 .2163* 4.119E-03 .000 .1961 .2365
658 -.1785* 4.281 E-03 .000 -.1995 -.1575
750 -5.0769E-02* 4.194E-03 .000 -7.13E-02 -3.02E-02
752 8.205E-03 4.194E-03 .996 -1.24E-02 2.877E-02
755 2.051 E-02 4.194E-03 .052 -5.50E-05 4.108E-02
758 1.923E-02 4.194E-03 .107 -1.34 E-03 3.980E-02
5510 -.1693* 4.281 E-03 .000 -.1903 -.1483
6510 -.1635* 4.281 E-03 .000 -.1845 -.1425
7510 1.513E-02 4.194E-03 .527 -5.44E-03 3.570E-02

B a se d  on o b serv ed  m ea n s.
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M ultip le C o m p a r is o n s
D ependen t V a ria b le : เท c
S che ffe

(1) Formula (J) Formula
Mean

Difference
(l-J) std. Error Sig.

95% Confidence Interval
Lower
Bound

Upper
Bound

558 550 -6.5128E-02* 4.194E-03 .000 -8.57E-02 -4.46E-02
552 -1.5641E-02 4.194E-03 .459 -3.62E-02 4.927E-03
555 -8.9744E-03 4.194E-03 .990 -2.95E-02 1.159E-02
650 -.1997* 4.281 E-03 .000 -.2207 -.1787
652 -2.8462E-02* 4.194E-03 .000 -4.90E-02 -7.89E-03
655 .2073* 4.119E-03 .000 .1871 .2275
658 -.1874* 4.281 E-03 .000 -.2084 -.1664
750 -5.9744E-02* 4.194E-03 .000 -8.03E-02 -3.92E-02
752 -7.6923E-04 4.194E-03 1.000 -2.13E-02 1.980E-02
755 1.154E-02 4.194E-03 .909 -9.03E-03 3.211E-02
758 1.026E-02 4.194E-03 .966 -1.03E-02 3.082E-02
5510 -.1783* 4.281E-03 .000 -.1993 -.1573
6510 -.1724* 4.281 E-03 .000 -.1934 -.1514
7510 6.154E-03 4.194E-03 1.000 -1.44E-02 2.672E-02

650 550 .1345* 4.281E-03 .000 .1135 .1555
552 .1840* 4.281 E-03 .000 .1630 .2050
555 .1907* 4.281 E-03 .000 .1697 .2117
558 .1997* 4.281 E-03 .000 .1787 .2207
652 .1712* 4.281 E-03 .000 .1502 .1922
655 .4070* 4.207E-03 .000 .3864 .4276
658 1.222E-02 4.366E-03 .895 -9.19E-03 3.363E-02
750 .1399* 4.281 E-03 .000 .1189 .1609
752 .1989* 4.281 E-03 .000 .1779 .2199
755 .2112* 4.281 E-03 .000 .1902 .2322
758 .2099* 4.281 E-03 .000 .1889 .2309
5510 2.139E-02 4.366E-03 .051 -1.88E-05 4.280E-02
6510 2.722E-02* 4.366E-03 .001 5.815E-03 4.863E-02
7510 .2058* 4.281 E-03 .000 .1848 .2268

652 550 -3.6667E-02* 4.194E-03 .000 -5.72E-02 -1.61E-02
552 1.282E-02 4.194E-03 .806 -7.75E-03 3.339E-02
555 1.949E-02 4.194E-03 .094 -1.08E-03 4.006E-02
558 2.846E-02* 4.194E-03 .000 7.894E-03 4.903E-02
650 -.1712* 4.281 E-03 .000 -.1922 -.1502
655 .2358* 4.119E-03 .000 .2156 .2560
658 -.1590* 4.281 E-03 .000 -.1800 -.1380
750 -3.1282E-02* 4.194E-03 .000 -5.18E-02 -1.07E-02
752 2.769E-02* 4.194E-03 .000 7.124E-03 4.826E-02
755 4.000E-02* 4.194E-03 .000 1.943E-02 6.057E-02
758 3.872E-02* 4.194E-03 .000 1.815E-02 5.929E-02
5510 -.1498* 4.281 E-03 .000 -.1708 -.1288
6510 -.1440* 4.281E-03 .000 -.1650 -.1230
7510 3.462E-02* 4.194E-03 .000 1.405E-02 5.518E-02

B a se d  on o b serv ed  m ea n s.
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M ultiple C o m p a r iso n s
D ependen t V a ria b le : เท c
S che ffe

(I) Formula (ป) Formula
Mean

Difference
(l-J) std. Error Sig.

95% Confidence Interval
Lower
Bound

Upper
Bound

655 550 - 2725* 4.119E-03 .000 -.2927 -.2523
552 -.2230* 4.119E-03 .000 -.2432 -.2028
555 -.2163* 4.119E-03 .000 -.2365 -.1961
558 -.2073* 4.119E-03 .000 -.2275 -.1871
650 -.4070* 4.207E-03 .000 -.4276 -.3864
652 -.2358* 4.119E-03 .000 -.2560 -.2156
658 -.3948* 4.207E-03 .000 -.4154 -.3741
750 -.2671* 4.119E-03 .000 -.2873 -.2469
752 -.2081* 4.119E-03 .000 -.2283 -.1879
755 -.1958* 4.119E-03 .000 -.2160 -.1756
758 -.1971* 4.119E-03 .000 -.2173 -.1769
5510 -.3856* 4.207E-03 .000 -.4062 -.3650
6510 -.3798* 4.207E-03 000 -.4004 -.3591
7510 -.2012* 4.119E-03 .000 -.2214 -.1810

658 550 .1223* 4.281 E-03 .000 .1013 .1433
552 .1718* 4.281 E-03 .000 .1508 .1928
555 .1785* 4.281E-03 .000 .1575 .1995
558 .1874* 4.281 E-03 .000 .1664 .2084
650 -1.2222E-02 4.366E-03 .895 -3.36E-02 9.185E-03
652 .1590* 4.281 E-03 .000 .1380 .1800
655 .3948* 4.207E-03 .000 .3741 .4154
750 .1277* 4.281 E-03 .000 .1067 .1487
752 .1867* 4.281 E-03 .000 .1657 .2077
755 .1990* 4.281 E-03 .000 .1780 .2200
758 .1977* 4.281E-03 .000 .1767 .2187
5510 9.167E-03 4.366E-03 .992 -1.22E-02 3.057E-02
6510 1.500E-02 4.366E-03 .622 -6.41 E-03 3.641 E-02
7510 .1936* 4.281 E-03 .000 .1726 .2146

750 550 -5.3846E-03 4.194E-03 1.000 -2.60E-02 1 518E-02
552 4.410E-02* 4.194E-03 .000 2.353E-02 6.467E-02
555 5.077E-02* 4.194E-03 .000 3.020E-02 7.134E-02
558 5.974E-02* 4.194E-03 .000 3.918E-02 8.031 E-02
650 -.1399* 4.281 E-03 .000 -.1609 -.1189
652 3.128E-02* 4.194E-03 .000 1.071 E-02 5.185E-02
655 .2671* 4.119E-03 .000 .2469 .2873
658 -.1277* 4.281E-03 .000 -.1487 -.1067
752 5.897E-02* 4.194E-03 .000 3.841 E-02 7.954E-02
755 7.128E-02* 4.194E-03 .000 5.071 E-02 9.185E-02
758 7.000E-02* 4.194E-03 .000 4.943E-02 9.057E-02
5510 -.1185* 4.281E-03 .000 -.1395 -9.75E-02
6510 -.1127* 4.281E-03 .000 -.1337 -9.17E-02
7510 6.590E-02* 4.194E-03 .000 4.533E-02 8.647E-02

B a se d  on o b serv ed  m ea n s .
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M ultip le  C o m p a r iso n s
D ependen t V a ria b le : เท c
S che ffe

(1) Formula (J) Formula
Mean

Difference
(l-J) Std. Error Sig.

95% Confidence Interval
Lower
Bound

Upper
Bound

752 550 -6.4359E-02* 4.194E-03 .000 -8.49E-02 -4.38E-02
552 -1.4872E-02 4.194E-03 ' .561 -3.54E-02 5.696E-03
555 -8 2051E-03 4.194E-03 .996 -2.88E-02 1 236E-02
558 7.692E-04 4 194E-03 1.000 -1.98E-02 2.134E-02
650 -.1989* 4.281 E-03 .000 -.2199 -.1779
652 -2.7692E-02* 4.194E-03 .000 -4.83E-02 -7.12E-03
655 .2081* 4.119E-03 .000 .1879 .2283
658 -.1867* 4 281 E-03 .000 -.2077 -.1657
750 -5 8974E-02* 4 194E-03 .000 -7.95E-02 -3.84E-02
755 1.231 E-02 4.194E-03 .853 -8.26E-03 3.288E-02
758 1.103E-02 4.194E-03 .936 -9.54E-03 3.159E-02
5510 -.1775* 4.281 E-03 .000 -.1985 -.1565
6510 -.1717* 4.281E-03 .000 -.1927 -.1507
7510 6.923E-03 4.194E-03 .999 -1.36E-02 2.749E-02

755 550 -7.6667E-02* 4.194E-03 .000 -9.72E-02 -5.61 E-02
552 -2.7179E-02* 4.194E-03 .000 -4.77E-02 -6.61 E-03
555 -2.0513E-02 4.194E-03 .052 -4.11E-02 5.505E-05
558 -1.1538E-02 4.194E-03 .909 -3.21E-02 9.029E-03
650 -.2112* 4.281 E-03 .000 -.2322 -.1902
652 -4.0000E-02* 4.194E-03 .000 -6.06E-02 -1.94E-02
655 .1958* 4.119E-03 .000 .1756 .2160
658 -.1990* 4.281 E-03 .000 -.2200 -.1780
750 -7.1282E-02* 4.194E-03 .000 -9.18E-02 -5.07E-02
752 -1 2308E-02 4.194E-03 .853 -3.29E-02 8.260E-03
758 -1.2821 E-03 4.194E-03 1.000 -2.18E-02 1.929E-02
5510 -.1898* 4.281E-03 .000 -.2108 -.1688
6510 -.1840* 4.281E-03 .000 -.2050 -.1630
7510 -5.3846E-03 4.194E-03 1.000 -2.60E-02 1.518E-02

758 550 -7.5385E-02* 4.194E-03 .000 -9.60E-02 -5.48E-02
552 -2.5897E-02* 4.194E-03 .001 -4.65E-02 -5.33E-03
555 -1.9231 E-02 4.194E-03 .107 -3.98E-02 1.337E-03
558 -1 0256E-02 4.194E-03 .966 -3.08E-02 1.031 E-02
650 -.2099* 4.281E-03 .000 -.2309 -.1889
652 -3.8718E-02* 4.194E-03 .000 -5.93E-02 -1.82E-02
655 .1971* 4.119E-03 .000 .1769 .2173
658 -.1977* 4.281E-03 .000 -.2187 -.1767
750 -7.0000E-02* 4.194E-03 .000 -9.06E-02 -4.94E-02
752 -1.1026E-02 4.194E-03 .936 -3.16E-02 9.542E-03
755 1.282E-03 4.194E-03 1.000 -1.93E-02 2.185E-02
5510 -.1885* 4.281 E-03 .000 -.2095 -.1675
6510 -.1827* 4.281E-03 .000 -.2037 -.1617
7510 -4.1026E-03 4.194E-03 1.000 -2.47E-02 1.647E-02

B a sed  on o b served  m ea n s .
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M ultip le C o m p a r is o n s
D ependen t V a riab le : เท c
Sc'neffe

(I) Formula (J) Formula
Mean

Difference
(l-J) std. Error Siq.

95% Confidence Interval
Lower
Bound

Upper
Bound

5510 550 .1131* 4.281 E-03 .000 9.215E-02 .1341
552 .1626* 4.281E-03 .000 .1416 .1836
555 .1693* 4.281 E-03 .000 .1483 .1903
558 .1783* 4.281 E-03 .000 .1573 .1993
650 -2.1389E-02 4.366E-03 .051 -4.28E-02 1 883E-05
652 .1498* 4.281E-03 .000 .1288 .1708
655 .3856* 4.207E-03 .000 .3650 .4062
658 -9.1667E-03 4.366E-03 .992 -3.06E-02 1.224E-02
750 .1185* 4.281 E-03 .000 9.753E-02 .1395
752 .1775* 4.281E-03 .000 .1565 .1985
755 .1898* 4.281 E-03 .000 .1688 .2108
758 .1885* 4.281E-03 .000 .1675 .2095
6510 5.833E-03 4.366E-03 1.000 -1.56E-02 2.724E-02
7510 .1844* 4.281E-03 .000 .1634 .2054

6510 550 .1073* 4.281E-03 .000 8.632E-02 .1283
552 .1568* 4.281 E-03 .000 .1358 .1778
555 .1635* 4.281 E-03 .000 .1425 .1845
558 .1724* 4.281 E-03 .000 .1514 .1934
650 -2.7222E-02* 4.366E-03 .001 -4.86E-02 -5.81 E-03
652 .1440* 4.281E-03 .000 .1230 .1650
655 .3798* 4.207E-03 .000 .3591 .4004
658 -1.5000E-02 4.366E-03 .622 -3.64E-02 6.408E-03
750 .1127* 4.281 E-03 .000 9.170E-02 .1337
752 .1717* 4.281E-03 .000 .1507 .1927
755 .1840* 4.281E-03 .000 .1630 .2050
758 .1827* 4.281E-03 .000 .1617 .2037
5510 -5.8333E-03 4.366E-03 1.000 -2.72E-02 1.557E-02
7510 .1786* 4.281 E-03 .000 .1576 .1996

7510 550 -7.1282E-02* 4.194E-03 .000 -9.18E-02 -5.07E-02
552 -2.1795E-02* 4.194E-03 .022 -4.24E-02 -1.23E-03
555 -1.5128E-02 4.194E-03 .527 -3.57E-02 5.440E-03
558 -6.1538E-03 4.194E-03 1.000 -2.67E-02 1.441E-02
650 -.2058* 4.281 E-03 .000 -.2268 -.1848
652 -3.4615E-02* 4.194E-03 .000 -5.52E-02 -1.40E-02
655 .2012* 4.119E-03 .000 .1810 .2214
658 -.1936* 4.281 E-03 .000 -.2146 -.1726
750 -6.5897E-02* 4.194E-03 .000 -8.65E-02 -4.53E-02
752 -6.9231 E-03 4.194E-03 .999 -2.75E-02 1.364E-02
755 5.385E-03 4.194E-03 1.000 -1.52E-02 2.595E-02
758 4.103E-03 4.194 E-03 1.000 -1.65E-02 2.467E-02
5510 -.1844* 4.281 E-03 .000 -.2054 -.1634
6510 - 1786* 4.281 E-03 .000 -.1996 -.1576

Based on observed means.
* The mean difference is significant at the .05 level.
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Table E3 T w o -w ay  a n a ly s is  of v a r ia n c e  fo r d e g r a d a t io n  ra te  c o n s ta n t  (k) of

n ife d ip in e  m ic r o s p h e re  of v a r ie d  p a r tic le  s iz e

Source df s s MS F cal F critical 
value

p-value

Between g roup 3 2 .887 0 .962 1145.273 8.53 0 .000

Between tim e 12 99.625 8 .302 9878 .890 2 .30 0.000

g roup -tim e  in te rac tion 36 1.632 4 .534E -02 53 .948 1.69 0.000

E rror 104 8.740E -02 8 .404 E-02

Total 156 2151.705

Multiple Comparisons
Dependent Variable: เท c  
Scheffe

(I) Group (J) Group

Mean
Difference

(l-J) std. Error Sig.

95% Confidence 
Interval

Lower
Bound

Upper
Bound

7.31 mem 15 61 mcm -4.897E-02* 6.565E-03 .000 -6.76E-02 -3.03E-02
26.24 mcm -.1754* 6.565E-03 .000 -.1940 -.1567
43.91 mcm -.3521* 6.565E-03 .000 -.3707 -.3334

15.61 mcm 7.31 mcm 4.897E-02* 6 565E-03 000 3.032E-02 6.763E-02
26.24 mcm -.1264* 6 565E-03 .000 -.1451 -.1078
43.91 mcm -.3031* 6.565E-03 .000 -.3217 -.2844

26.24 mcm 7.31 mcm .1754* 6.565E-03 .000 .1567 .1940
15.61 mcm .1264* 6.565E-03 .000 .1078 .1451
43.91 mcm -.1767* 6.565E-03 .000 -.1953 -.1580

43.91 mcm 7.31 mcm .3521* 6.565E-03 .000 .3334 .3707
15.61 mcm .3031* 6.565E-03 .000 .2844 .3217
26.24 mcm .1767* 6.565E-03 .000 .1580 .1953

B a se d  on ob served  m ean s.
* T he m ean  d ifferen ce is sign ificant at th e  .0 5  level.
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Table E4 T w o -w ay  a n a ly s is  of v a r ia n c e  fo r d e g r a d a t io n  r a te  c o n s ta n t  (k) of

n ife d ip in e  m ic r o s p h e re  of v a r ie d  E u d ra g it  R S 1 0 0  ra tio

S o u rc e df s s MS F cal
F critica l 

va lue
p-value

Between g ro u p 3 6.663E -02 2.221 E-02 86 .492 8 .53 0.000

Between tim e 12 111.564 9.297 34949 .312 2 .30 0.000

g ro u p -tim e  in te ra c tio n 35 0 .143 4 .086E -03 15.361 1.68 0.000

E rror 102 2.713E -02

Total 153 5046.084

Multiple Comparisons
Dependent Variable: เท c  
Scheffe

(I) Group (ป) Group

Mean
Difference

(l-J) std. Error Sig.

95% Confidence 
Interval

Lower
Bound

Upper
Bound

NP : EU 1 :1  NP : EU 1 :3 -1.154E-02* 3.693E-03 .025 -2.20E-02 -1.04E-03
N P : EU 1 :5 1.026E-03 3.693E-03 .994 -9.47E-03 1 153E-02
N P : EU 1 :10 -.1920* 3.770E-03 .000 -.2027 -.1812

NP : EU 1 : 3 NP : EU 1 : 1 1 154E-02* 3.693E-03 .025 1.039E-03 2.204E-02
N P : EU 1 :5 1.256E-02* 3.693E-03 .012 2.065E-03 2.306E-02
N P : EU 1 :10 -.1804* 3.770E-03 .000 -.1911 -.1697

NP : EU 1 : 5 NP : EU 1 : 1 -1.026E-03 3.693E-03 .994 -1.15E-02 9.474E-03
N P : EU 1 :3 -1.256E-02* 3.693E-03 .012 -2.31E-02 -2 06E-03
N P : EU 1 :10 -.1930* 3.770E-03 .000 -.2037 -.1823

N P : EU 1 :1 0  N P : EU 1 :1 .1920* 3.770E-03 .000 .1812 .2027
N P : EU 1 :3 .1804* 3.770E-03 .000 .1697 .1911
N P : EU 1 :5 .1930* 3.770E-03 .000 .1823 .2037

B a se d  on o b serv ed  m ea n s.
* T h e m ea n  d ifferen ce  is significant at th e  .0 5  level.
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T a b le  E 5  T w o -w a y  a n a ly s is  of v a r ia n c e  fo r d e g ra d a t io n  ra te  c o n s ta n t  (k) of

n ife d ip in e  m ic r o s p h e re  of v a r ie d  PVP K30 ratio

Source df s s MS F cal
F critica l 

va lue
p-va lue

Between g roup 3 5.475E -02 1825E-02 67 .428 8.53 0.00

Between tim e 12 106.134 8.845 32676 .839 2 .30 0.00

g roup -tim e  in te rac tion 34 0.119 3487E-03 12.884 1.66 0.00

E rror 100 2 .707E -02 2.707E -04

Total 150 2030.975

Multiple Comparisons
Dependent Variable: เท c  
Scheffe

(I) Group (J) Group

Mean
Difference

(l-J) std. Error Sig.

95% Confidence 
Interval

Lower
Bound

Upper
Bound

N P : PVP 1 :1  N P : PVP 1 : 3 -.1932* 3.802E-03 .000 -.2040 -.1824
N P : PVP 1 : 5 -1.795E-02* 3.726E-03 .000 -2.85E-02 -7.35E-03
N P : PVP 1 : 10 -.1865* 3.802E-03 .000 -.1974 -.1757

N P : PVP 1 :3  N P : PVP 1 : 1 1932* 3.802E-03 .000 .1824 .2040
N P : PVP 1 : 5 1753* 3.802E-03 .000 .1644 .1861
N P : PVP 1 : 10 6.667E-03 3.878E-03 .403 -4.36E-03 1.769E-02

N P : PVP 1 :5  N P : PVP 1 : 1 1 795E-02* 3.726E-03 .000 7.354E-03 2.854E-02
N P : PVP 1 : 3 -.1753* 3.802E-03 .000 -.1861 -1644
NP : PVP 1 : 10 -.1686* 3 802E-03 .000 -.1794 -.1578

N P : PVP 1 :1 0  N P : PVP 1 : 1 .1865* 3.802E-03 .000 .1757 .1974
N P : PVP 1 : 3 -6.667E-03 3.878E-03 .403 -1.77E-02 4.361 E-03
N P : PVP 1 : 5 .1686* 3.802E-03 .000 .1578 1794

B a se d  on o b serv ed  m ea n s.
* T he m ea n  d ifferen ce  is significant at th e  .05  level.
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T a b le  E 6 T w o -w ay  a n a ly s is  o f v a r ia n c e  fo r  d e g ra d a t io n  ra te  c o n s ta n t  (k) of

n ife d ip in e  m ic r o s p h e re  e x p o s e d  to v a r ie d  ligh t in te n s itie s

Source df s s MS F cal
F critica l 

va lue
p-value

Between g roup 3 9.061 3.020 1115.398 8.53 0.00

Between tim e 14 131.802 9.414 3476.675 2 .13 0.00

g roup -tim e  in te rac tion 37 6.711 0.181 66 .982 1.70 0.00

Error 110 0 .298 2 .708E -03

Total 165 2184 .325

Multiple Comparisons
Dependent Variable: เท c  
Scheffe

(I) Group (J) Group

Mean
Difference

(l-J) std. Error Sig.

95% Confidence 
Interval

Lower
Bound

Upper
Bound

400 lux 800 lux .1891* 1.097E-02 .000 .1580 .2203
1200 lux .1399* 1.138E-02 .000 .1075 .1722
2000 lux .2912* 1.164E-02 .000 2581 .3242

800 lux 400 lux -.1891* 1.097E-02 .000 -.2203 -.1580
1200 lux -4.925E-02* 1.138E-02 .001 -8.16E-02 -1.69E-02
2000 lux .1021* 1.164E-02 .000 6.902E-02 .1351

1200 lux 400 lux -.1399* 1.138E-02 .000 -.1722 -.1075
800 lux 4.925E-02* 1.138E-02 .001 1.692E-02 8.157E-02
2000 lux .1513* 1.203E-02 .000 .1172 .1855

2000 lux 400 lux -.2912* 1.164E-02 000 -.3242 -.2581
800 lux -.1021* 1.164E-02 .000 -.1351 -6.90E-02
1200 lux -.1513* 1 203E-02 000 -.1855 -.1172

B a se d  on o b served  m ea n s.
* The m ean  d ifferen ce  is significant at th e  .0 5  level
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Table E7 Two-way analysis of variance for degradation rate constant (k) of
nifedipine microsphere with and without curcumin

Source df ss MS F cal F critical 
value

p-value

Between g roup 3 33.678 11.226 11087.805 8.53 0.000
Between tim e 25 8.171 0.331 326.793 1.71 0.000
g roup -tim e  in te rac tion 62 23.597 0.381 375.918 1.39 0.000
Error 182 0.184 1.012E-03
Total 273 5478.407

M u l t i p l e  C o m p a r i s o n s

D e p e n d e n t  V a r ia b le :  เท c 
S c h e f f e

M e a n
9 5 %  C o n f i d e n c e  

In te rv a l

(I) G r o u p ( J )  G ro u p
D i f f e r e n c e

( l - J ) s t d .  E r ro r S ig .
L o w e r
B o u n d

U p p e r
B o u n d

N o  c u r c u m in ,  n o t N o  c u r c u m in ,  e x p o s e d 1 .0 7 5 5 * 6 . 2 4 0 E - 0 3 .0 0 0 1 .0 5 7 9 1 .0 9 3 1
e x p o s e d c u r c u m in ,  n o t  e x p o s e d 1 .4 1 0 E - 0 3 5 . 0 9 5 E - 0 3 .9 9 4 -1 3 0 E - 0 2 1 5 7 9 E - 0 2

c u r c u m in ,  e x p o s e d - 5 . 1 2 8 E - 0 3 5 . 0 9 5 E - 0 3 .7 9 8 -1 9 5 E - 0 2 9 . 2 4 9 E - 0 3
N o  c u r c u m i n ,  e x p o s e d N o  c u r c u m in ,  n o t  

e x p o s e d - 1 .0 7 5 5 * 6 . 2 4 0 E - 0 3 .0 0 0 - 1 .0 9 3 1 - 1 . 0 5 7 9

c u r c u m in ,  n o t  e x p o s e d - 1 .0 7 4 1 * 6 . 2 4 0 E - 0 3 .0 0 0 - 1 . 0 9 1 7 - 1 . 0 5 6 5
c u r c u m in ,  e x p o s e d - 1 .0 8 0 6 * 6 . 2 4 0 E - 0 3 . 0 0 0 - 1 . 0 9 8 2 - 1 . 0 6 3 0

c u r c u m i n ,  n o t  e x p o s e d N o  c u r c u m in ,  n o t  
e x p o s e d - 1 . 4 1 0 E - 0 3 5 . 0 9 5 E - 0 3 .9 9 4 - 1 . 5 8 E - 0 2 1 2 9 7 E - 0 2

N o  c u r c u m in ,  e x p o s e d 1 .0 7 4 1 * 6 . 2 4 0 E - 0 3 .0 0 0 1 .0 5 6 5 1 .0 9 1 7
c u r c u m in ,  e x p o s e d - 6 . 5 3 8 E - 0 3 5 . 0 9 5 E - 0 3 .6 4 9 - 2 . 0 9 E - 0 2 7 . 8 3 9 E - 0 3

c u r c u m i n ,  e x p o s e d N o  c u r c u m in ,  n o t  
e x p o s e d 5 . 1 2 8 E - 0 3 5 . 0 9 5 E - 0 3 .7 9 8 - 9 . 2 5 E - 0 3 1 .9 5 1  E - 0 2

N o  c u r c u m in ,  e x p o s e d 1 .0 8 0 6 * 6 . 2 4 0 E - 0 3 .0 0 0 1 . 0 6 3 0 1 0 9 8 2
c u r c u m in ,  n o t  e x p o s e d 6 . 5 3 8 E - 0 3 5 . 0 9 5 E - 0 3 .6 4 9 - 7 . 8 4 E - 0 3 2 . 0 9 2 E - 0 2

B ased on observed means.
*• The mean difference is significant at the .05 level.
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T a b le  E 8 T w o -w ay  a n a ly s is  of v a r ia n c e  fo r d e g r a d a t io n  r a te  c o n s ta n t  (k) of

n ife d ip in e  m ic ro s p h e re  w ith uv a b s o r b e r s  a n d  a n tio x id a n t

S o u rc e df s s MS F cal
F critica l 

va lue
p-value

Between group 20 775.724 38.786 29501.253 1.84 0.000
Between time 20 557.051 27.853 21184.999 1.84 0.000
group-time interaction 355 286.809 0.808 614.507 1.00 0.000
Error 792 1.041 1.315E-03

Total 1 1 8 8 1 5 4 2 8 . 7 2 8
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M ultip le C o m p a r iso n s
D ep en d en t Variable: เท c
S c h e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Sig.

Control Curcumin 2 mg% -1.3911* 7.576E-03 .000
Curcumin 4 ทาg% -1.6929* 7.576E-03 .000
Curcumin 8 mg% -1.8259* 7.576E-03 .000
Curcumin Ext 2 ทาg% .2498* 7.576E-03 .000
Curcumin Ext 4 กาg% -.6360* 7.576E-03 .000
Curcumin Ext 8 mg% -1.1613* 7.576E-03 .000
Tartrazine 2 mg% .1107* 7.644E-03 .000
Tartrazine 4 mg% -.4952* 7.576E-03 .000
Tartrazine 8 ทาg% -1.1283* 7.576E-03 .000
Sunset Yellow 2 mg% -.2328* 7.802E-03 .000
Sunset Yellow 4 mg% -.7025* 7.576E-03 .000
Sunset Yellow 8 mg% -1.2057* 7.576E-03 .000
Sod. Bisulfite 2 ทาg% 4.139E-02 8.546E-03 .271
Sod. Bisulfite 4 ทาg% -.4161* 8.964E-03 .000
Sod. Bisulfite 8 mg% .1927* 8.108E-03 .000
Curcumin 16 mg% -1.9203* 7.576E-03 .000
Curcumin Ext 16mg% -1.5878* 7.576E-03 .000
Tartrazine 16mg% -1.4937* 7.576E-03 .000
Sunset Yellow 16 mg% -1.6732* 7.576E-03 .000
Sod. Bisulfite 16 mg% 4.644E-02* 8.108E-03 .038

Curcumin 2 mg% Control 1.3911* 7.576E-03 .000
Curcumin 4 ทาg% -.3017* 6.460E-03 .000
Curcumin 8 mg% -.4348* 6.460E-03 .000
Curcumin Ext 2 ทาg% 1.6410* 6.460E-03 .000
Curcumin Ext 4 mg% .7551* 6.460E-03 .000
Curcumin Ext 8 mg% .2298* 6.460E-03 .000
Tartrazine 2 mg% 1.5018* 6.541E-03 .000
Tartrazine 4 ทาg% .8959* 6.460E-03 .000
Tartrazine 8 mg% .2629* 6.460E-03 .000
Sunset Yellow 2 ทาg% 1.1583* 6.724E-03 .000
Sunset Yellow 4 mg% .6886* 6.460E-03 .000
Sunset Yellow 8 mg% .1854* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.4325* 7.576E-03 .000
Sod. Bisulfite 4 mg% .9750* 8.043E-03 .000
Sod. Bisulfite 8 mg% 1.5838* 7.077E-03 .000
Curcumin 16mg% -.5292* 6.460E-03 .000
Curcumin Ext 16mg% -.1967* 6.460E-03 .000
Tartrazine 16 mg% -.1025* 6.460E-03 .000
Sunset Yellow 16 mg% -.2821* 6.460E-03 .000
Sod. Bisulfite 16mg% 1.4376* 7.077E-03 .000

B a se d  on  ob serv ed  m ea n s.
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M ultip le C o m p a r is o n s
D ep en d en t Variable: เท c
S ch e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Siq.

Curcumin 4 mg% Control 1.6929* 7.576E-03 .000
Curcumin 2 mg% .3017* 6.460E-03 .000
Curcumin 8 ทาg% -.1330* 6.460E-03 .000
Curcumin Ext 2 mg% 1.9427* 6.460E-03 .000
Curcumin Ext 4 mg% 1.0568* 6.460E-03 .000
Curcumin Ext 8 ทาg% .5316* 6.450E-03 .000
Tartrazine 2 ทาg% 1.8036* 6.541E-03 .000
Tartrazine 4 mg% 1.1976* 6.460E-03 .000
Tartrazine 8 mg% .5646* 6.460E-03 .000
Sunset Yellow 2 mg% 1.4601* 6.724E-03 .000
Sunset Yellow 4 mg% .9903* 6.460E-03 .000
Sunset Yellow 8 mg% .4871* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.7342* 7.576E-03 .000
Sod. Bisulfite 4 mg% 1.2767* 8 043E-03 .000
Sod. Bisulfite 8 mg% 1.8855* 7.077E-03 .000
Curcumin 16mg% -.2275* 6.460E-03 .000
Curcumin Ext 16 mg% .1051* 6.460E-03 .000
Tartrazine 16 mg% .1992* 6.460E-03 .000
Sunset Yellow 16 mg% 1 968E-02 6.460E-03 .979
Sod. Bisulfite 16 ทาg% 1.7393* 7.077E-03 .000

Curcumin 8 ทาg% Control 1.8259* 7.576E-03 .000
Curcumin 2 mg% .4348* 6.460E-03 .000
Curcumin 4 mg% .1330* 6.460E-03 .000
Curcumin Ext 2 ทาg% 2.0757* 6.460E-03 .000
Curcumin Ext 4 mg% 1.1898* 6.460E-03 .000
Curcumin Ext 8 mg% .6646* 6.460E-03 .000
Tartrazine 2 mg% 1.9366* 6.541 E-03 .000
Tartrazine 4 mg% 1.3306* 6.460E-03 .000
Tartrazine 8 mg% .6976* 6.460E-03 .000
Sunset Yellow 2 mg% 1.5931* 6.724E-03 .000
Sunset Yellow 4 mg% 1.1233* 6.460E-03 .000
Sunset Yellow 8 mg% .6202* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.8673* 7.576E-03 .000
Sod. Bisulfite 4 ทาg% 1.4098* 8.043E-03 .000
Sod. Bisulfite 8 ทาg% 2.0185* 7.077E-03 .000
Curcumin 16 ทาg% -9.4444E-02* 6.460E-03 .000
Curcumin Ext 16 mg% .2381* 6.460E-03 .000
Tartrazine 16 mg% .3322* 6.460E-03 .000
Sunset Yellow 16 ทาg% .1527* 6.460E-03 .000
Sod. Bisulfite 16 mg% 1.8723* 7.077E-03 .000

B a sed  on o b serv ed  m ea n s.
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M ultip le  C o m p a r is o n s
D ep en d en t Variable: เท c
S ch effe

(1) Group (J) Group
Mean

Difference
ff-J) std. Error Siq.

Curcumin Ext 2 ทาg% Control -.2498* 7.576E-03 .000
Curcumin 2 ทาg% -1.6410* 6.460E-03 .000
Curcumin 4 ทาg% -1.9427* 6.460E-03 .000
Curcumin 8 ทาg% -2.0757* 6.460E-03 .000
Curcumin Ext 4 mg% -.8859* 6.460E-03 .000
Curcumin Ext 8 mg% -1.4111* 6.460E-03 .000
Tartrazine 2 ทาg% -.1391* 6.541 E-03 .000
Tartrazine 4 mg% -.7451* 6.460E-03 .000
Tartrazine 8 mg% -1.3781* 6.460E-03 .000
Sunset Yellow 2 ทาg% -.4826* 6.724E-03 .000
Sunset Yellow 4 mg% -.9524* 6.460E-03 .000
Sunset Yellow 8 mg% -1.4556* 6.460E-03 .000
Sod. Bisulfite 2 mg% -.2085* 7.576E-03 .000
Sod. Bisulfite 4 ทาg% -.6660* 8.043E-03 .000
Sod. Bisulfite 8 ทาg% -5.7175E-02* 7.077E-03 .000
Curcumin 16mg% -2.1702* 6.460E-03 .000
Curcumin Ext 16 ทาg% -1.8376* 6.460E-03 .000
Tartrazine 16 mg% -1.7435* 6.460E-03 .000
Sunset Yellow 16 ทาg% -1.9230* 6.460E-03 .000
Sod. Bisulfite 16 mg% -.2034* 7.077E-03 .000

Curcumin Ext 4 ทาg% Control .6360* 7.576E-03 .000
Curcumin 2 mg% -.7551* 6.460E-03 .000
Curcumin 4 ทาg% -1.0568* 6.460E-03 .000
Curcumin 8 mg% -1.1898* 6.460E-03 .000
Curcumin Ext 2 mg% .8859* 6.460E-03 .000
Curcumin Ext 8 ทาg% -.5252* 6.460E-03 .000
Tartrazine 2 ทาg% .7468* 6.541E-03 .000
Tartrazine 4 mg% .1408* 6.460E-03 .000
Tartrazine 8 mg% -.4922* 6.460E-03 .000
Sunset Yellow 2 mg% .4033* 6.724E-03 .000
Sunset Yellow 4 mg% -6.6508E-02* 6.460E-03 .000
Sunset Yellow 8 mg% -.5697* 6.460E-03 .000
Sod. Bisulfite 2 mg% .6774* 7.576E-03 .000
Sod. Bisulfite 4 mg% .2199* 8.043E-03 .000
Sod. Bisulfite 8 mg% .8287* 7.077E-03 .000
Curcumin 16 mg% -1.2843* 6.460E-03 .000
Curcumin Ext 16 mg% -.9517* 6.460E-03 .000
Tartrazine 16mg% -.8576* 6.460E-03 .000
Sunset Yellow 16 ทาg% -1.0371* 6.460E-03 .000
Sod. Bisulfite 16 mg% .6825* 7.077E-03 .000

B a sed  on o b serv ed  m ean s.



2 3 1

M ultip le  C o m p a r is o n s
D ep en d en t Variable: เท c
S c h e ffe

(I) Group (ป) Group
Mean

Difference
(l-J) std. Error Sig.

Curcumin Ext 8 mg% Control 1.1613* 7.576E-03 .000
Curcumin 2 mg% -.2298* 6.460E-03 .000
Curcumin 4 mg% -.5316* 6.460E-03 .000
Curcumin 8 mg% -.6646* 6.460E-03 .000
Curcumin Ext 2 mg% 1.4111* 6.460E-03 .000
Curcumin Ext 4 mg% .5252* 6.460E-03 .000
Tartrazine 2 ทาg% 1.2720* 6.541 E-03 .000
Tartrazine 4 mg% .6660* 6.460E-03 .000
Tartrazine 8 ทาg% 3.302E-02 6.460E-03 .166
Sunset Yellow 2 mg% .9285* 6.724E-03 .000
Sunset Yellow 4 mg% .4587* 6.460E-03 .000
Sunset Yellow 8 mg% -4.4444E-02* 6.460E-03 .001
Sod. Bisulfite 2 ทาg% 1.2027* 7.576E-03 .000
Sod. Bisulfite 4 ทาg% .7452* 8.043E-03 .000
Sod. Bisulfite 8 mg% 1.3539* 7.077E-03 .000
Curcumin 16mg% -.7590* 6.460E-03 .000
Curcumin Ext 16 mg% -.4265* 6.460E-03 .000
Tartrazine 16 mg% -.3324* 6.460E-03 .000
Sunset Yellow 16mg% -.5119* 6.460E-03 .000
Sod. Bisulfite 16 mg% 1.2077* 7.077E-03 .000

Tartrazine 2 mg% Control -.1107* 7.644E-03 .000
Curcumin 2 ทาg% -1.5018* 6.541 E-03 .000
Curcumin 4 กาg% -1.8036* 6.541E-03 .000
Curcumin 8 ทาg% -1.9366* 6.541 E-03 .000
Curcumin Ext 2 mg% .1391* 6.541 E-03 .000
Curcumin Ext 4 mg% -.7468* 6.541 E-03 .000
Curcumin Ext 8 ทาg% -1.2720* 6.541E-03 .000
Tartrazine 4 mg% -.6060* 6.541 E-03 .000
Tartrazine 8 mg% -1.2390* 6.541 E-03 .000
Sunset Yellow 2 mg% -.3435* 6.801E-03 .000
Sunset Yellow 4 ทาg% -.8133* 6.541 E-03 .000
Sunset Yellow 8 ทาg% -1.3164* 6.541 E-03 .000
Sod. Bisulfite 2 mg% -6.9333E-02* 7.644E-03 .000
Sod. Bisulfite 4 mg% -.5268* 8.108E-03 .000
Sod. Bisulfite 8 กาg% 8.194E-02* 7.150E-03 .000
Curcumin 16 ทาg% -2.0310* 6.541 E-03 .000
Curcumin Ext 16 ทาg% -1.6985* 6.541 E-03 .000
Tartrazine 16mg% -1.6044* 6.541E-03 .000
Sunset Yellow 16 mg% -1.7839* 6.541 E-03 .000
Sod. Bisulfite 16 ทาg% -6.4278E-02* 7.150E-03 .000

B a se d  on o b served  m ea n s.



D ep en d en t Variable: เท c
S c h e ffe

M ultiple C o m p a r iso n s

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Sig.

Tartrazine 4 mg% Control .4952* 7.576E-03 .000
Curcumin 2 mg% -.8959* 6.460E-03 .000
Curcumin 4 mg% -1.1976* 6.460E-03 .000
Curcumin 8 mg% -1.3306* 6.460E-03 .000
Curcumin Ext 2 ทาg% .7451* 6.460E-03 .000
Curcumin Ext 4 mg% -.1408* 6.460E-03 .000
Curcumin Ext 8 mg% -.6660* 6.460E-03 .000
Tartrazine 2 mg% .6060* 6.541 E-03 .000
Tartrazine 8 ทาg% -.6330* 6.460E-03 .000
Sunset Yellow 2 mg% .2625* 6.724E-03 .000
Sunset Yellow 4 mg% -.2073* 6.460E-03 .000
Sunset Yellow 8 mg% -.7105* 6.460E-03 .000
Sod. Bisulfite 2 mg% .5366* 7.576E-03 .000
Sod. Bisulfite 4 mg% 7.913E-02* 8.043E-03 .000
Sod. Bisulfite 8 mg% .6879* 7.077E-03 .000
Curcumin 16 ทาg% -1.4251* 6.460E-03 .000
Curcumin Ext 16mg% -1.0925* 6.460E-03 .000
Tartrazine 16mg% -.9984* 6.460E-03 .000
Sunset Yellow 16 mg% -1.1779* 6.460E-03 .000
Sod. Bisulfite 16mg% .5417* 7.077E-03 .000

Tartrazine 8 ทาg% Control 1.1283* 7.576E-03 .000
Curcumin 2 mg% -.2629* 6.460E-03 .000
Curcumin 4 mg% -.5646* 6.460E-03 .000
Curcumin 8 mg% -.6976* 6.460E-03 .000
Curcumin Ext 2 ทาg% 1.3781* 6.460E-03 .000
Curcumin Ext 4 ทาg% .4922* 6.460E-03 .000
Curcumin Ext 8 mg% -3.3016E-02 6.460E-03 .166
Tartrazine 2 ทาg% 1.2390* 6.541E-03 .000
Tartrazine 4 mg% .6330* 6.460E-03 .000
Sunset Yellow 2 mg% .8955* 6.724E-03 .000
Sunset Yellow 4 mg% .4257* 6.460E-03 .000
Sunset Yellow 8 mg% -7.7460E-02* 6.460E-03 .000
Sod. Bisulfite 2 ทาg% 1.1696* 7.576E-03 .000
Sod. Bisulfite 4 mg% .7121* 8.043E-03 .000
Sod. Bisulfite 8 mg% 1.3209* 7.077E-03 .000
Curcumin 16mg% -.7921* 6.460E-03 .000
Curcumin Ext 16 ทาg% -.4595* 6.460E-03 .000
Tartrazine 16 mg% -.3654* 6.460E-03 .000
Sunset Yellow 16 mg% -.5449* 6.460E-03 .000
Sod. Bisulfite 16 ทาg% 1.1747* 7.077E-03 .000

B a se d  on  o b serv ed  m ea n s.
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M ultip le  C o m p a r iso n s
D ep en d en t Variable: เท c
S ch e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Sig.

Sunset Yellow 2 mg% Control .2328* 7.802E-03 .000
Curcumin 2 ทาg% -1.1583* 6.724E-03 .000
Curcumin 4 ทาg% -1.4601* 6.724E-03 .000
Curcumin 8 mg% -1.5931* 6.724E-03 .000
Curcumin Ext 2 mg% .4826* 6.724E-03 .000
Curcumin Ext 4 mg% -.4033* 6.724E-03 .000
Curcumin Ext 8 mg% -.9285* 6.724E-03 .000
Tartrazine 2 mg% .3435* 6.801E-03 .000
Tartrazine 4 mg% -.2625* 6.724E-03 .000
Tartrazine 8 mg% -.8955* 6.724E-03 .000
Sunset Yellow 4 ทาg% -.4698* 6.724E-03 .000
Sunset Yellow 8 ทาg% -.9729* 6.724E-03 .000
Sod. Bisulfite 2 mg% .2742* 7.802E-03 .000
Sod. Bisulfite 4 ทาg% -.1833* 8.257E-03 .000
Sod. Bisulfite 8 mg% .4254* 7.319E-03 .000
Curcumin 16mg% -1.6875* 6.724E-03 .000
Curcumin Ext 16 mg% -1.3550* 6.724E-03 .000
Tartrazine 16mg% -1.2609* 6.724E-03 .000
Sunset Yellow 16 mg% -1.4404* 6.724E-03 .000
Sod. Bisulfite 16 ทาg% .2792* 7.319E-03 .000

Sunset Yellow 4 ทาg% Control .7025* 7.576E-03 .000
Curcumin 2 ทาg% -.6886* 6.460E-03 .000
Curcumin 4 mg% -.9903* 6.460E-03 .000
Curcumin 8 mg% -1.1233* 6.460E-03 .000
Curcumin Ext 2 ทาg% .9524* 6.460E-03 .000
Curcumin Ext 4 ทาg% 6.651 E-02* 6.460E-03 .000
Curcumin Ext 8 mg% -.4587* 6.460E-03 .000
Tartrazine 2 mg% .8133* 6.541 E-03 .000
Tartrazine 4 mg% .2073* 6.460E-03 .000
Tartrazine 8 ทาg% -.4257* 6.460E-03 .000
Sunset Yellow 2 mg% .4698* 6.724E-03 .000
Sunset Yellow 8 mg% -.5032* 6.460E-03 .000
Sod. Bisulfite 2 mg% .7439* 7.576E-03 .000
Sod. Bisulfite 4 ทาg% .2864* 8.043E-03 .000
Sod. Bisulfite 8 ทาg% .8952* 7.077E-03 .000
Curcumin 16 ทาg% -1.2178* 6.460E-03 .000
Curcumin Ext 16 mg% -.8852* 6.460E-03 .000
Tartrazine 16 mg% -.7911* 6.460E-03 .000
Sunset Yellow 16 mg% -.9706* 6.460E-03 .000
Sod. Bisulfite 16 ทาg% .7490* 7.077E-03 .000

B a sed  on o b served  m ea n s.
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M ultip le C o m p a r is o n s
D ep en d en t Variable: เท c
S c h e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Siq.

Sunset Yellow 8 mg% Control 1.2057* 7.576E-03 .000
Curcumin 2 mg% -.1854* 6.460E-03 .000
Curcumin 4 mg% -.4871* 6.460E-03 .000
Curcumin 8 ทาg% -.6202* 6.460E-03 .000
Curcumin Ext 2 ทาg% 1.4556* 6.460E-03 .000
Curcumin Ext 4 ทาg% .5697* 6.460E-03 .000
Curcumin Ext 8 กาg% 4.444E-02* 6.460E-03 .001
Tartrazine 2 mg% 1.3164* 6.541 E-03 .000
Tartrazine 4 mg% .7105* 6.460E-03 .000
Tartrazine 8 ทาg% 7.746E-02* 6.460E-03 .000
Sunset Yellow 2 mg% .9729* 6.724E-03 .000
Sunset Yellow 4 ทาg% .5032* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.2471* 7.576E-03 .000
Sod. Bisulfite 4 ทาg% .7896* 8.043E-03 .000
Sod. Bisulfite 8 ทาg% 1.3984* 7.077E-03 .000
Curcumin 16 mg% -.7146* 6.460E-03 .000
Curcumin Ext 16 ทาg% -.3821* 6.460E-03 .000
Tartrazine 16 mg% -.2879* 6.460E-03 .000
Sunset Yellow 16 ทาg% -.4675* 6.460E-03 .000
Sod. Bisulfite 16mg% 1.2522* 7.077E-03 .000

Sod. Bisulfite 2 ทาg% Control -4.1389E-02 8.546E-03 .271
Curcumin 2 mg% -1.4325* 7.576E-03 .000
Curcumin 4 mg% -1.7342* 7.576E-03 .000
Curcumin 8 mg% -1.8673* 7.576E-03 .000
Curcumin Ext 2 mg% .2085* 7.576E-03 .000
Curcumin Ext 4 ทาg% -.6774* 7.576E-03 .000
Curcumin Ext 8 mg% -1.2027* 7.576E-03 .000
Tartrazine 2 mg% 6.933E-02* 7.644E-03 .000
Tartrazine 4 กาg% -.5366* 7.576E-03 .000
Tartrazine 8 mg% -1.1696* 7.576E-03 .000
Sunset Yellow 2 กาg% -.2742* 7.802E-03 .000
Sunset Yellow 4 mg% -.7439* 7.576E-03 .000
Sunset Yellow 8 ทาg% -1.2471* 7.576E-03 .000
Sod. Bisulfite 4 mg% -.4575* 8.964 E-03 .000
Sod. Bisulfite 8 mg% .1513* 8.108E-03 .000
Curcumin 16 mg% -1.9617* 7.576E-03 .000
Curcumin Ext 16 mg% -1.6292* 7.576E-03 .000
Tartrazine 16mg% -1.5350* 7.576E-03 .000
Sunset Yellow 16mg% -1.7146* 7.576E-03 .000
Sod. Bisulfite 16 mg% 5.056E-03 8.108E-03 1.000

B a se d  on ob served  m ea n s.
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M ultip le C o m p a r is o n s
D ep en d en t Variable: เท c
S ch e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Sig.

Sod. Bisulfite 4 mg% Control .4161* 8.964E-03 .000
Curcumin 2 mg% -.9750* 8.043E-03 .000
Curcumin 4 ทาg% -1.2767* 8.043E-03 .000
Curcumin 8 mg% -1.4098* 8.043E-03 .000
Curcumin Ext 2 ทาg% .6660* 8.043E-03 .000
Curcumin Ext 4 ทาg% -.2199* 8.043E-03 .000
Curcumin Ext 8 ทาg% -.7452* 8.043E-03 .000
Tartrazine 2 ทาg% .5268* 8.108E-03 .000
Tartrazine 4 ทาg% -7.9127E-02* 8.043E-03 .000
Tartrazine 8 ทาg% -.7121* 8.043E-03 .000
Sunset Yellow 2 mg% .1833* 8.257E-03 .000
Sunset Yellow 4 mg% -.2864* 8.043E-03 .000
Sunset Yellow 8 mg% -.7896* 8.043E-03 .000
Sod. Bisulfite 2 mg% .4575* 8.964E-03 .000
Sod. Bisulfite 8 mg% .6088* 8.546E-03 000
Curcumin 16 mg% -1.5042* 8.043E-03 .000
Curcumin Ext 16 mg% -1.1717* 8.043E-03 .000
Tartrazine 16 mg% -1.0775* 8.043E-03 .000
Sunset Yellow 16 mg% -1.2571* 8.043E-03 .000
Sod. Bisulfite 16 mg% .4626* 8.546E-03 .000

Sod. Bisulfite 8 ทาg% Control -.1927* 8.108E-03 .000
Curcumin 2 mg% -1.5838* 7.077E-03 .000
Curcumin 4 mg% -1.8855* 7.077E-03 .000
Curcumin 8 mg% -2.0185* 7.077E-03 .000
Curcumin Ext 2 mg% 5.717E-02* 7.077E-03 .000
Curcumin Ext 4 ทาg% -.8287* 7.077E-03 .000
Curcumin Ext 8 ทาg% -1.3539* 7.077E-03 .000
Tartrazine 2 mg% -8.1944E-02* 7.150E-03 .000
Tartrazine 4 mg% -.6879* 7.077E-03 .000
Tartrazine 8 ทาg% -1.3209* 7.077E-03 .000
Sunset Yellow 2 mg% -.4254* 7.319E-03 .000
Sunset Yellow 4 mg% -.8952* 7.077E-03 .000
Sunset Yellow 8 ทาg% -1.3984* 7.077E-03 .000
Sod. Bisulfite 2 ทาg% -.1513* 8.108E-03 .000
Sod. Bisulfite 4 ทาg% -.6088* 8.546E-03 .000
Curcumin 16mg% -2.1130* 7.077E-03 .000
Curcumin Ext 16 ทาg% -1.7804* 7.077E-03 .000
Tartrazine 16 mg% -1.6863* 7.077E-03 .000
Sunset Yellow 16 ทาg% -1.8658* 7.077E-03 .000
Sod. Bisulfite 16 mg% -.1462* 7.644E-03 .000

B a sed  on o b serv ed  m ea n s.
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M ultip le C o m p a r is o n s
D ep en d en t Variable: เท c
S ch e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Sip.Curcumin 16 mg% Control 1.9203* 7.576E-03 .000

Curcumin 2 ทาg% .5292* 6.460E-03 .000
Curcumin 4 mg% .2275* 6.460E-03 .000
Curcumin 8 mg% 9.444E-02* 6.460E-03 .000
Curcumin Ext 2 ทาg% 2.1702* 6.460E-03 .000
Curcumin Ext 4 ทาg% 1.2843* 6.460E-03 .000
Curcumin Ext 8 ทาg% .7590* 6.460E-03 .000
Tartrazine 2 mg% 2.0310* 6.541E-03 .000
Tartrazine 4 ทาg% 1.4251* 6.460E-03 .000
Tartrazine 8 mg% .7921* 6.460E-03 .000
Sunset Yellow 2 mg% 1.6875* 6.724E-03 .000
Sunset Yellow 4 mg% 1.2178* 6.460E-03 .000
Sunset Yellow 8 mg% .7146* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.9617* 7.576E-03 .000
Sod. Bisulfite 4 mg% 1.5042* 8.043E-03 .000
Sod. Bisulfite 8 mg% 2.1130* 7.077E-03 .000
Curcumin Ext 16 ทาg% .3325* 6.460E-03 .000
Tartrazine 16 mg% .4267* 6.460E-03 .000
Sunset Yellow 16 mg% .2471* 6.460E-03 .000
Sod. Bisulfite 16 ทาg% 1.9668* 7.077E-03 .000

Curcumin Ext 16mg% Control 1.5878* 7.576E-03 .000
Curcumin 2 mg% .1967* 6.460E-03 .000
Curcumin 4 ทาg% -.1051* 6.460E-03 .000
Curcumin 8 mg% -.2381* 6.460E-03 .000
Curcumin Ext 2 ทาg% 1.8376* 6.460E-03 .000
Curcumin Ext 4 mg% .9517* 6.460E-03 .000
Curcumin Ext 8 mg% .4265* 6.460E-03 .000
Tartrazine 2 mg% 1.6985* 6.541 E-03 .000
Tartrazine 4 mg% 1.0925* 6.460E-03 .000
Tartrazine 8 mg% .4595* 6.460E-03 .000
Sunset Yellow 2 mg% 1.3550* 6.724E-03 .000
Sunset Yellow 4 mg% .8852* 6.460E-03 .000
Sunset Yellow 8 ทาg% .3821* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.6292* 7.576E-03 .000
Sod. Bisulfite 4 ทาg% 1.1717* 8.043E-03 .000
Sod. Bisulfite 8 mg% 1.7804* 7.077E-03 .000
Curcumin 16 mg% -.3325* 6.460E-03 .000
Tartrazine 16mg% 9.413E-02* 6.460E-03 .000
Sunset Yellow 16 ทาg% -8.5397E-02* 6.460E-03 .000
Sod. Bisulfite 16mg% 1.6342* 7.077E-03 .000

B a se d  on o b served  m ean s.
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M ultiple C o m p a r is o n s
D ep en d en t Variable: เท c
S c h e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Sig.

Tartrazine 16 ทาg% Control 1.4937* 7.576E-03 .000
Curcumin 2 mg% .1025* 6.460E-03 .000
Curcumin 4 ทาg% -.1992* 6.460E-03 .000
Curcumin 8 mg% -.3322* 6.460E-03 .000
Curcumin Ext 2 mg% 1.7435* 6.460E-03 .000
Curcumin Ext 4 mg% .8576* 6.460E-03 .000
Curcumin Ext 8 mg% .3324* 6.460E-03 .000
Tartrazine 2 mg% 1.6044* 6.541E-03 .000
Tartrazine 4 ทาg% .9984* 6.460E-03 .000
Tartrazine 8 mg% .3654* 6.460E-03 .000
Sunset Yellow 2 mg% 1.2609* 6.724E-03 .000
Sunset Yellow 4 ทาg% .7911* 6.460E-03 .000
Sunset Yellow 8 mg% .2879* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.5350* 7.576E-03 .000
Sod. Bisulfite 4 mg% 1.0775* 8.043E-03 .000
Sod. Bisulfite 8 ทาg% 1.6863* 7.077E-03 .000
Curcumin 16mg% -.4267* 6.460E-03 .000
Curcumin Ext 16 ทาg% -9.4127E-02* 6.460E-03 .000
Sunset Yellow 16 mg% -.1795* 6.460E-03 .000
Sod. Bisulfite 16 ทาg% 1.5401* 7.077E-03 .000

Sunset Yellow 16mg% Control 1.6732* 7.576E-03 .000
Curcumin 2 mg% .2821* 6.460E-03 .000
Curcumin 4 ทาg% -1.9683E-02 6.460E-03 .979
Curcumin 8 mg% -.1527* 6.460E-03 .000
Curcumin Ext 2 mg% 1.9230* 6.460E-03 .000
Curcumin Ext 4 mg% 1.0371* 6.460E-03 .000
Curcumin Ext 8 ทาg% .5119* 6.460E-03 .000
Tartrazine 2 mg% 1.7839* 6.541 E-03 .000
Tartrazine 4 ทาg% 1.1779* 6.460E-03 .000
Tartrazine 8 mg% .5449* 6.460E-03 .000
Sunset Yellow 2 ทาg% 1.4404* 6.724E-03 .000
Sunset Yellow 4 ทาg% .9706* 6.460E-03 .000
Sunset Yellow 8 mg% .4675* 6.460E-03 .000
Sod. Bisulfite 2 mg% 1.7146* 7.576E-03 .000
Sod. Bisulfite 4 mg% 1.2571* 8.043E-03 .000
Sod. Bisulfite 8 mg% 1.8658* 7.077E-03 .000
Curcumin 16 mg% -.2471* 6.460E-03 .000
Curcumin Ext 16 mg% 8.540E-02* 6.460E-03 .000
Tartrazine 16mg% .1795* 6.460E-03 .000
Sod. Bisulfite 16 mg% 1.7196* 7.077E-03 .000

B a se d  on  ob serv ed  m ea n s.
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M ultip le C o m p a r iso n s
D ep en d en t Variable: เท c
S ch e ffe

(1) Group (J) Group
Mean

Difference
(l-J) std. Error Siq

Sod. Bisulfite 16 ทาg% Control -4.6444E-02* 8.108E-03 038
Curcumin 2 mg% -1.4376* 7.077E-03 .000
Curcumin 4 mg% -1.7393* 7.077E-03 .000
Curcumin 8 ทาg% -1.8723* 7.077E-03 .000
Curcumin Ext 2 mg% .2034* 7.077E-03 .000
Curcumin Ext 4 ทาg% -.6825* 7.077E-03 .000
Curcumin Ext 8 ทาg% -1.2077* 7.077E-03 .000
Tartrazine 2 ทาg% 6.428E-02* 7.150E-03 .000
Tartrazine 4 mg% -.5417* 7.077E-03 .000
Tartrazine 8 mg% -1.1747* 7.077E-03 .000
Sunset Yellow 2 mg% -.2792* 7.319E-03 .000
Sunset Yellow 4 ทาg% -.7490* 7.077E-03 .000
Sunset Yellow 8 ทาg% -1.2522* 7.077E-03 .000
Sod. Bisulfite 2 ทาg% -5.0556E-03 8.108E-03 1.000
Sod. Bisulfite 4 ทาg% -.4626* 8.546E-03 .000
Sod. Bisulfite 8 mg% .1462* 7.644E-03 .000
Curcumin 16mg% -1.9663* 7.077E-03 .000
Curcumin Ext 16 ทาg% -1.6342* 7.077E-03 000
Tartrazine 16 mg% -1.5401* 7.077E-03 .000
Sunset Yellow 16 mg% -1.7196* 7.077E-03 .000

Based on observed means.
*■ The mean difference is significant at the .05 level.
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Table E9 Kruskal-Wallis test for critical relative humidity of nifedipine microspheres

N Mean rank
550 1 13.00
552 1 15.00
555 1 14.00
558 1 8.00
5510 1 12.00
650 1 9.00
652 1 6.00
655 1 11.00
658 1 10.00
6510 1 3.00
750 1 5.00
752 1 7.00
755 1 1.00
758 1 4.00
7510 1 2.00

Kruskal-Wallis test Chi-square = 14.00
Critical Chi-square = 23.685
df = 14
p-value = 0.450

Table E10 Friedman test for nifedipine content with exposure to relative humidity

N Mean รอ Mean rank

Control 15 100.0033 1.047E-02 1.70
Experimental 15 99.9960 1.121 E-02 1.30
Friedman test Chi-square = 3.600 p-value = 0.058

Critical Chi-square = 3.841 df = 1
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Table E11 Two-way analysis of variance for degradation rate constant (k) of 
nifedipine microspheres exposed to ambient atmosphere

Source df ss MS F cal
F critica l 

va lue
p-value

Between g roup 3 24.089 8 .030 212824 .8 8.53 0.000
Between tim e 25 5.143 0 .206 5452.743 1.71 0.000
g ro u p -tim e  in te rac tion 62 15.405 0 .248 6585.803 1.39 0.000
Error 182 6 .8675E -03 3 .773E -05

Total 273 5518.174

M ultip le Com parisons

Dependent Variable: เท C 
Scheffe

(I) Group (J) Group

Mean
Difference

(l-J) std. Error Sig

95% Confidence 
Interval

Lower
Bound

Upper
Bound

Without, control Without, exposed .9115- 1 205E-03 .000 .9081 .9149
Curcumin, control .0000 9.836E-04 1.000 -2.78E-03 2.775E-03
Curcumin, exposed 1.231E-02* 9.836E-04 000 9.532E-03 1.508E-02

Without, exposed Without, control -.9115* 1 205E-03 .000 -.9149 -.9081
Curcumin, control -.9115* 1.205E-03 .000 -.9149 -.9081
Curcumin, exposed -.8992* 1 205E-03 .000 -.9026 -.8953

Curcumin, control Without, control .0000 9.836E-04 1.000 -2.78E-03 2.775E-03
Without, exposed .9115* 1.205E-03 .000 .9081 .9149
Curcumin, exposed 1.231 E-02* 9.836E-04 .000 9 532E-03 1.508E-02

Curcumin, exposed Without, control -1.231 E-02* 9.836E-04 000 -1.51 E-02 -9.53E-03
Without, exposed .8992* 1.205E-03 .000 .8958 .9026
Curcumin, control -1.231 E-02* 9.836E-04 .000 -1.51 E-02 -9.53E-03

Based on observed means.
* The mean difference is significant at the .05 level.
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Table E12 Two-way analysis of variance for dissolution rate constant (kH) of 
nifedipine microsphere.

Source df ss MS F cal
F critica l 

va lue
p-value

Betw een  g ro u p 1 3.842E-04 3 .842 E-04 0 .688 5 .32 0.431

Between tim e 1 2 .643 E-03 2 .643 E-03 4 .735 5.32 0.061

g ro u p -tim e  in te rac tion 1 2 .305 E-03 2 .305 E-03 4 .128 5.32 0.077

E rror 8 4 .466 E-03 5.582 E-04

Total 12 44.316
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