REFERENCES

Akers, M.J.. Antioxidants in pharmaceutical products. J.

Parenter. Sci & Tech. 36 (5) (September-October

1982) : 222-228,

Avis, K.E., Lachman, and Lieberman, H.A.. Pharmaceutical

dosage forms : parenteral medications. New York

Marcel Dekker Inc, 1984.,pp 89-201.

Bassey, L.O. Parenteral piroxicam in the treatment of
sports injuries and associated musculoskeletal

disorders. Curr. Ther. Res. 42 (July 1987) : 55-62.

Connors, K.A., Amidon, G.L., and Kennon, L.. Chenica

I

stability of pharmaceuticals. New York : John Wiley

& Sons, 1986.,pp 8-31.

Doherty, M. Non-steroidal anti-inflammatory drug in patients
with peptic ulcer disease. Br. Med. J. 298 (January

1989) : 176-179.

Eandi, M., Buraglio, M., Casilli, D., Delucia, M.G., and
Ruffilli, MiA- . Injectable piroxicam in acute
musculoskelctal disorders results ot - cal darge
multicentre study. Curry Ther .- Res: 45 (March

1989) : 381-397.



89

Fawzi, M.B., Davison, E., and Tute, M.S.. Rationalization of
drug complexation in aqueous solution by wuse of

Hukel Frontier Molecular Orbitals. J. Pharm. Sci. 69

(1) (January 1980) : 104-106.

Fini, A., and Rabasco, A.M.. Stability study of piroxicam

in aqueous solution. Pharm. Acta. Helv. 67 (1992)

62-64.

Florey, K.. Analytical profiles of drug substances. vol.

15 : New York : Academic Press, 1972 :pp 511-531.

Fourtillan, J#B. . Pharmacokinetics of intramuscular

piroxicam. Eur. J. Rheumatol. Inflam. 8(1987)

38-40.

Hamza, Y.E., And Paruta, A.N.. Enhanced solubility of
paracetamol by various hydrotropic agents. Drug.

Dev. Ind. Pharm. 11(1985) : 1577-1596.

Harte, R.A., and Chen, J.L.. Tryptophan as solubilizing

agent for riboflavin. J. Am. Pharm. Asso. 38 (1979)

908070

Hata, S., Mijuno, J., And Tomioka, S.. The solubility
enhancement of menadione by complex formation with

nicotinamide and other compounds. Chem. Pharm. Bull.

15 (1970) : -1791-1974.



90

Kreilgard, B., Higuchi, T., and Repta, A.J.. Complexation in
formulation of parenteral solutions : solubilization
of the cytotoxic agent hexamethylmelamine by
complexation with gentisic acid species. J. Pharm.

8ci. 64 (1975) : 1850-1853.

Lachman, PR Lieberman,H.A., Kanig, J.L.. The theory

and practice of industrial pharmacy. 3rd.ed.

Philadelphia: Lea & Febiger, 1986.,642-644.
Martin, A., Swarbrick, J., and Cammarata A. Phys. Pharm.
3 rd ed. Philadelphia : Lea & Febiger., 1993.,

pp 251-283.

Mc.Evoy, G.K.. AHFS Drug information 89. USA : The American

Society of Hospital Pharmacists INC., 1989.,pp 2041.

Milton, J.8S. and Arnold, J.C. . Introduction to probability

and statistics. New York : Mc Graw-Hill Publishing

company, 1990.pp 308-347,467-480.

Rasool , " A.A,; »Hussain; AJAS, 7and 'Ditteriy L.W.. Solubility
enhancement of some water-insoluble drugs in the
presence of nicotinamide and related compounds. J.

Pharm. Sci. 80 (4) (April 1991) : 387-393.

Reynolds, J.E.F.. Martindale : The extra pharmacopoeia. 28th
ed. London : The Pharmaceutical Press, 1989 : pp 37-
38, 39, 1268-1269.



91

Spiegel, A.J., and Noseworthy, M.M.. Use of non aqueous
solvents 1in parenteral products. J. Pharm. Sci. c e

(10) (October 1963) : 917-926.

Swarbrick, Js and Boylan, Jo Cigs Encyclopedia of

pharmaceutical technology. vol 3 : New York : Marcel

Dekker, Inc., 1990.pp 375-398.

Truelove, J., Bawarshi-Nassar, R., Chen, N.R., and Hussain,
A.. Solubility enhancement of some developmental
anti-cancer nucleoside analogs by complexation with

nicotinamide. Int. J. Pharm. 19 (1984) : 17-25.

Tsai, YoHq:, “Hsu, L Bl st NaN tos: S, 1. . Percutaneous
absorption of piroxicam from ointment bases in

rabbits. Int. J. Pharm. 19 (1984) : 61-78.

Vaeécarino; V., ‘Sizptori, L. R, #sad BULALind, L. “Local  and
systemic tolerability of piroxicam after
intramuscular administration in healthy volunteers.

Curr. Ther. Res. 45 (January 1989) : 1-13.

Yalkowsky, S.H. Techniques of solubilization of drugs. New

York : Marcel Dekker, Inc., 1981.,pp 91-157.

Zazhi, Y.F. Ultra-violet spectrophotometric determination

of piroxicam in tablets. Drug. Contrcl. 9 (3) (May

1989) : 189-190.



92

gografi, G.,  Swarbriek, " F., and Schott, H.. Reminaton's

Pharmaceutical sciences. Pensylvania : Mack

Publishing Company., 1990 , pp 182-196.



D2 i b 2L X s SR £ 5,

T TR O | L

S

FWINNSUHNIINY I Y

. CHULALONGKORN UNIVERSITY



Appendix 1

Description of Piroxicam and Nicotinamide
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PIROXICAM

An off-white to. light  tan  ‘or light vellow,
odourless powder. It forms a monohydrate that is yellow.

(Reynolds, 1989)

\\N//
N
o
Z\ Ve

(0] 0

Cis Hi3 Ns O¢  8-="331.4

Chemical name : 4-Hydroxy-2-methyl-N-(2-pyridyl) -2H -1, 2

- benzothiazine - 3 - carboxamide 1, 1-dioxide.

Solubilities : very slightly soluble in water,

dilute acid and most organic solvents; slightly soluble in

alcohol and ageous alkaline solution.

Adverse Effects : Gastro-intestinal disturbances are the
commonest side-effects. Peptic ulceration and
gastro-intestinal bleeding have been reported. Other

side-effects which have been reported include headache,

dizziness, blurred vision, tinnitus, and oedema.

Absorption and Fate : Piroxicam is well absorbed from the

gastro-intestinal tract. It is metabolized in the liver by
hydroxylation and conjugation with glucuronic acid and
excreted predominantly in the urine with smaller amounts in

the feces. Less than 5% of the dose is excreted unchanged.
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Piroxicam is extensively bound to plasma proteins (about

99%) and has a long plasma half-life of approximately 50

hours.

Uses and Administration : Piroxicam has analgesic,
anti-inflammatory, and antipyretic properties. It is used in
rheumatic disorders in a usual dose by mouth of 20 mg daily
in single or divided doses with a range of 10 to 30 mg
daily. In acute musculoskeletal conditions, an initial dose

of 40 mg daily may be given for 2 days followed by 20 mg
daily for 1 to 2 weeks.
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NICOTINAMIDE

A white, crystalline powder, odorless or nearly so,
and has a bitter taste, solutions are neutral to litmus
paper, melt between 128 and 131°.(Mc. Evoy, 1989;
Reynolds, 1989; Zografi, 1990)

ONH,

Ce He N2 O (122.13)

Chemical Name : Pyridine-3-carboxamide.
Solubility : 1 in 1 of water, 1 in 10 of boiling water,

1 in 1.5 of alcohol, and 1 in 10 of glycerol, slightly
soluble in chloroform and ether. A 5% solution in water has

a pH 6 to 7.5. A 4.49% solution is iso-osmotic with serum.

Incompatible : with alkaline and mineral acids.

Adverse Effect : does not cause vasodilation like nicotinic
acid.

Uses : Nicotinamide and nicotinic acid, the form which

occurs naturally in the body, are water-soluble vitamin B
substances which are converted to nicotinamide adenine
dinucleotide (NAD) and nicotinamide adenine dinucleotide

phosphate (NADP). These coenzymes are involved in electron
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transfer reaction in the respiratory chain. Nicotinic acid
and nicotinamide are used in the treatment and prevention of
nicotinic acid deficiency. Nicotinamide is preferred as it
does not cauée vasodilation. They are usually given by
mouth, the preferred route, but may also be administered by
the intramuscular route oy by slow intravenous
administration. Doses of up to 500 mg daily doses have been

recommended.
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Stability Data of Piroxicam Injection



Stability data of formulation No.1

100

Concentration of piroxicam (mg/ml)

Tine 45 C 55¢ ¢ 65 °C
(day) 1 2 ] 1 2 3 1 2 3
0 ] 19.368 19.913 19.993 | 19.368 19.913 19.993 19.368 19.913 19.993
12 19.207 19.128 19.634 19.004 19.558 19.213 18.702 18.853 19.432
19 | 19.245 18.941 19.494 18.812 19.309 18.791 18.642  18.699 19.051
26 19.146 18.848 19.297 18.728 19.154 18.681 18.913  18.534 18.898
6 | 17.979 18.623 18.796 | 18.336 18.758 18.534 17.512 17.550 18.029
60 17.986 18.503 18.541 17.866 18.453 18.235 17.225 17.251 17.652
81 17.968 18.023 18.256




Equation of drug remaining as function of time of

formulation No.
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Stability data of formulation No.2

102

Concentration of piroxicam (mg/ml)

Tine 45 ¢ 55 C 65¢ C
(day) 1 2 ] 1 2 3 1 2 3
0 | 18.720 18.946 19.131 18.720  18.946 19.131 18.720  18.946 19.131
12 18.548 18.697 18.997 18.355 18.596 18.721 18.623 18.464 18.585
19 | 18.697 18.558 18.676 | 18.152  18.219 18.513 18.264  17.971 17,719
26 18.743 18.656 18.739 17.954  18.395 18.234 17.587 17.466 17.211
46 | 18.376  18.213 18.212 | 172,352  17.381 17.543 16,589 - 16.5H 16.619
60 | 18.152 18.070 18.321 16.554  16.766 17.152 50 - 15 15.550
81 18.011 18.131 18.235




Equation of drug remaining as function of time of

formulation No.
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Stability data of formulation No.3

104

Concentration of piroxican (mg/nl)

Time 45 ¢ 55¢ 65¢C
(day) 1 2 ] 1 2 - 1 2 3
0 19.257 19.044 19.582 19.257 19.044 19.582 19.257 19.044 19.582
12 18.922 18.806 19.342 19.153 18.767 19.353 19.187 18.984 19.325
19 18.742 18.698 - 19.232 18.936 18.508 18.874 19.101 18.833 19.026
26 18.597 18.599 19.119 17.998 18.030 18.395 18,7317 18.065 18.788
46 18.393 18.411 18.984 17.653 17.561 17.917 17.648 17.890 17.776
60 18.241 18.330 18.825 17.467 17.300 17.686 16.224 16.011 16.078
81 18.189 18.062 18.607




Equation of drug remaining as function of time of

formulation No.
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Stability data of formulation No.4

106

Concentration of piroxicam (mg/ml)

Time 45 C 55 C 65 C
(day) 1 2 ] 1 2 K} 1 2 3
0 19.242 19.304 19.139 19.242 19.304 19.231 19.242 19.304 19.139
12 19.198 19.248 18.979 19.221 19.219 19.139 18.541 18.470 18.754
19 19.093 19.140 18.903 18.850 19.017 18.990 18.182 18.270 18.620
26 19.005 19.033 18.880 18.730 18.753 18.772 18.137 18.063 17.953
46 18.894 18.939 18.761 18.534 18.537 18.510 17.770 17.838 17.658
60 18.764 18.853 18.519 18.336 18.431 18.456 16.265 16.262 16.284
81 18.659 18.638 18.499




Equation of drug remaining as function of time of

formulation No.
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Stability data of formulation No.5

108

Concentration of piroxicam (mg/ml)

Time 45 ¢ 55¢ € 65 C
(day) 1 2 ] 1 2 3 1 2 ]

0 19.337 19.055 19.641 19.331 19.055 19.641 19.33) 19.055 19.641
12 18.372 19.035 19.412 19.169 18.705 18.796 17.888 18.062 17.718
19 18.851 18.529 18.699 18.759 18.476 18.708 17.429 17.541 17.506
2% 18.147 18.038 18.635 18.240 18.199 18.301 17.426 17.414 17.191
46 18.027 18.859 17.806 17.808 17.672 17.901 16.704 16.815 16.891
60 17.838 17.569 17,775 17.484 17.344 17.745 16.702 16,343 16.392
81 17.296 17.420 17.738




Equation of drug remaining as function of time of

formulation No.
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Stability data of formulation No.6

110

Concentration of piroxicam (mg/m1)

Time 5 C 55 C 65 C
(day) 1 2 3 1 2 3 1 2 3
0 19.005 19.245 19.761 19.005 19.245 19.761 19.005 19.245  19.761
12 18.425 19.027 19.567 18.803 19.143 19.367 18.523 19038 18,7581
19 18.710 19.006 19.413 18.480 18.973 19.256 18.419 18.659  18.372
26 18.613 18.902  19.304 18.003 18.761 18.851 17.798 18.083  17.632
46 18.491 18.761 19.152 18.348 17.881 18.354 17.342 17.573 17.186
60 18.271 18.386 18.945 17.075 17.346 17.652 16.012 16.544 16.751
81 18.174 18.279 18.854




Equation of drug remaining as function of time of

formulation No.
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Stability data of formulation No.7

132

Concentration of piroxicam (mg/nl)

Time 45 55 C 65 C

(day) 1 2 3 1 2 ] 1 2 3

0 19.346 19.604 19.951 19.346 19.604 19.951 19.346 19.604 19.951
12 19.270 19.479 19.585 19.012 19.408 19.344 18.865 18.321 19.625
19 19.203 19.405 19.479 18.754 19.229 18.983 18.657 18.955 19.350
26 19.168 19.334 19.219 18.354 18.659 18.778 18.214 18.201 18.732
46 18.832 19.159 18.918 17,823 17,977 18.457 17.245 17.572 17.745
60 18.690 18.989 18.862 17.326 17.519 17.389 16.232 16.635 16.654
81 18.561 18.583 18.765




Equation of drug remaining as function
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Stability data of formulation No.8

114

Concentration of piroxicam (mg/ml)

Tine 45 C 95¢:C 65
(day) 1 2 ] 1 2 3 1 2 3

0 19.462 19.756 19.154 19.462 19.756 19.154 19.462 19.756 19.154
12 19.239 19.666 18.994 19.1713 19.524 18.878 18.974 18.966 18.724
19 19.252 19.533 18.910 18.940 19.335 18.760 18.443 18.639 18.432
26 19.029 19.337 18.869 18.638 18.802 18.618 18.023 18.291 18.163
46 18.956 19.281 18.628 | 18.319 18.570 18.215 17.538 17.791 17.413
60 18.862 18.995 18.504 18.100 18.461 17.966 16.529 16.688 16.408
81 18.776 18.906 18.449
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Concentration of piroxicam (mg/ml)

Time 45 C 550 ¢ 65¢ C
(day) 1 2 ] 1 2 3 1 2 ]

0 20.054 20.369 20.222 20.054 20.369 20.222 20.054 20.369 20.222
20 19.943 20.186 20.045 19.820 19.959 19.650 19.528 19.748 19.882
k1] 19.807 20.002 19.946 19.708 19.674 19.392 18.408 18.334 18.488
41 19.767 19.947 19.864 19.575 19.652 19.256 18.270 18.415 18.253
48 19.686 19.861 19.755 19,353 19.547 19.183 18.012 18.973 18.199
55 19.622 19.813 19.7714 19.213 19.528 19.133 17.852 18.173 18.028
62 19.585 19.783 19.691 19.189 19.491 19.033 17.512 17.290 17.332
16 19.458 19.858 19.658 18.905 19.124 18.990 16.916 16.908 16.958
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Arrhenius plot of log k against 1/7
Formula Nol (First order reaction)
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Arrhenius plot of log k against 1/7T
formula No2 (Zero—order reaction)
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Arrhenius plot of log k against 1/7T
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Arrhenius plot of log k against 1/7T
formula No3 (Zero—order reaction)
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Arrhenius plot of log k against 1/7T
formula No4 (Zero—order reaction)
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Arrhenius plot of log k against 1/7
formmula No5 (Zero—order reaction)
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Arrhenius plot of log k against 1/7
Formula No5 (First order reaction)
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Arrhenius plot of log k against 1/ T
formula No6 (Zero—order reaction)
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Arrhenius plot of log k against 1/ T
Formula No6 (First order reaction)
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Arrhenius plot of log k against 1/T
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Arrhenius plot of log k against 1/T
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Arrhenius plot of log k against 1/7T
formula No8 (Zero—order reaction)
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Arrhenius plot of log k against 1/ T
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Statistical Evaluation
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1. Simple linear regression and correlation

1.1 Least-Squares Estimation ( Milton and Arnol,

1990)

Recall from elementary algebra that the

equation for a straight line is

Yi =  a + bxi

Where "a" denotes the intercept, "b" the slope

of regression line or regression coefficient

The parameters a and b are estimated by the

method of least squares using equation as follow.

a =§'—b')'{
n
b = > (X1 - xX)(Ys - Y)
i=}
n (Xi - X)2
>
=1
n
X = = X
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n
2 Y

i=1

Y = 1
n

1.2 Simple Correlation (Milton and Arnold, 1990)

The theoretical parameter used to measure the
linear relationship between X and Y is the Pearson coefficent

of correlation p. This parameter is defined by

p &/ /CoM.. (XN
O, O,
Z (X-ux)(Y-uy)
\/ Z(X-ux)2 3 (Y-uy)?

n
TR (Xi-ux )(Yi-uy)

i=1

n n
- (Xi-ux )2 > (Yi-uy)?

i=1 i=1

Estimator for p

2 (X1-X)2 3 (Y1-%)2
i=1 qi=].
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= n3XY - X3V

1/ [n=X2 - (=2X)2] [n=Y2 - (=Y)?2

2. Analysis of variance (One-Way classification) (Milton

and Arnold, 1990)

2.1 ANOVA table for the one-way classification design

| with fixed effects.

Source of Degress of Sum of Mean Expected F
variation freedom (DF) Square (S8) Square (MS) mean square
k k
Treatment k-1 3ri2 1.2 SSTr 62+ ni %4 MSTr
or level izl ni N k-1 iz=1 k - 1 MSE
(88Tr)
Error N -k Subtraction SSE a2
or residual N -k
(SSE)
Total N-1 kK ni
> 3 vij? r..2
i=1 j=1 N
88Tot = kK ni

=2 = vij?2 r..2

i=1 j=1 N
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k
SStr > P52 ma3

=1 -m N

SSe

SStot — SStr

2.2 Least Significant Different (LSD)

LSD(0.05) = to.os /[ 2MSE

3. Comparison of two means

A t-test with the equation. (Milton and Arnold,
1990)

t = Y - Y2
UFL = %2)
S = Sample Standard Error
Y1-Y2
s £ . lag
n.,
Y1 -Y2
S2 = Pooled Sample Variance

(nt - 1) S12 + (n2 - 1) 822

tha =) * 4ns = L)
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