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ABSTRACT 

Kinetic studies have revealed that indanethacin degradation 
in the presence or absence of zinc-ion at different tenperatures 
in alkaline aqueous solutions followed an apparent first-order 
rate constants. The rate constant-hydroxide-ion concentration 
profile was linear-with a positive slope, suggesting the following 
rate 1aw:k =k [OH 1 .  There was no significant difference in 
activation energy and other parameter values calculated for indo- 
methacin degradation in the presence or absence of zinc-ion. Hence, 
zinc-ion was found to have no effect on its degradation. 

obs 1 

INTROWCTION 

Indanethacin [1-(4-chlorobenzoyl)-5-methoxy-2methylindole- 

3-acetic acid], a non-steroidal antiinflamnatory agent, has been 
used in therapy in the form of various dosage forms. Its side 
effects, especially within the GI tract (disturbance, ulceration 
and bleeding), are always found by peroral actninistration (1). 
In order to avoid these adverse actions, zinc-indomethacin canplex 
has been developed in our laboratory (unpublished data). Solubility 
and stability of drugsare always studied in order to maintain 
a suitable therapeutic formulation. However, this complex is prac- 
tically insoluble in water unless it is alkaline , but degrada- 
tion of indomethacin in alkaline media (pH 11-12) range at diffe- 

*To whan all correspondence to be addressed. 
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TABU 1 

Various Hydroxide-Ion Concentrations having a Constant Ionic- 
Strength (IJ =O. 5M) 

[OH-] ,M 0.1M NaOH 0.1 NaCl Water Final Volume 
(ml) (ml) (ml) (ml) 

0.005 0.5 
0.015 1.5 
0.025 2.5 
0.040 4.0 
0.050 5.0 

4.95 4.55 10.0 
4.85 3.65 10.0 
4.75 2.75 10.0 
4.60 1.40 10.0 
4.50 0.50 10.0 

rent temperatures has been reported (2). Hence, the aim of this 
study is to investigate the effect of zinc-ion on indomethacin 
degradation at different temperatures in alkaline aqueous solutions. 
Thermodynamic parameters obtained from Arrhenius plot for the 
degradation of indomethacin were also determined. 

EXPERIMENTAL 

Materials: Indomethacin' was used as received. All other chemicals 
were of analytical grade. All-glass triple-distilled water was 
used throughout. 
Indomethacin Stock Solution: An accurately weighed quantity of 
indomethacin (9.8325 mg) was dissolved in 30 ml of ethanol (95% 
v/v), and the volume was adjusted to 100 ml with water at roan 
temperature. 
Sodium Hydroxide Solution: To sodium hydroxide solution (O.lM), 
sodium chloride solution (1M) was added to adjust the ionic 
strength, p ,  of the solution was calculated by the equation (I). 

IJ = f I[i].zf (Eqn.1) 

Where, [i] and Zi are concentrations and the net charge of the 
ion i, and I implies a sumnation over all the ions in the solution. 

'Supplied by Ranbaxy Laboratories Ltd., New Delhi (India) 
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EFFECT OF ZINC-ION ON INDOMETHACIN DEGRADATION 1413 

'Ihe different hydroxide-ion concentrations having a constant 
ionic strength (l~=0.5M) is given in Table 1. 

Zinc Acetate Stock solution: A stock solution of zinc acetate 
( Z X ~ O - ~  M) was prepared by dissolving zinc acetate (4.39 mg) in 
water (100 ml). 
Kinetic Studies : To 2 ml of indomethacin stock solution, 1 ml 
each of 0.005, 0.015, 0.025, 0.040 and 0.05 M hydroxide-ion con- 
centration solution. (Table 1) was added and the final volume 
was made upto 5 rnl with water to give final hydroxide-ion concent- 
rations of 0,001, 0.003, 0.005, 0.008 and 0.01M, respectively. 
These mixtures were imnediately transferred to a quartz cell kept 
in a constant temperature cell holder? The initial concentration 
of indamthacin in the reaction cell was approximately 1.1~10%. 

Absorbance (against an appropriate blank) was recorded as 
a function of time at 1- 318 m. The absorbance data obtained 
were used to construct semilogarithnic plots of the function 
per cent (At-Ad versus time, where At is the observed absorbance 
at time, t (min) and A, is the observed equilibrium absorbance 
values. The plots are illustrated in Fig.1, where the degradation 
behaviour is observed to follow first-order kinetics. The apparent 
first-order rate constants, Kobs (Table 2 )  were calculated using 
regression analysis. Correlation coefficients were between -0.997 
and -0.999. 
Effect of Hydroxide-Ion Concentration and Temperature: m e  study 
was carried out in various concentrations of hydroxide-ion at 
25, 37 and 45OC. 
Effect of Zinc-Ion on Indomethacin Degradation: To study the effect 
of zinc-ion on indanethacin degradation the above procedure was 
carried out with the exception that the final volume to 5 ml was 
adjusted with zinc acetate solution (2x10 M) instead of water. -4 

' UV/Vis Spectrophotaneter (Hitachi, Model 330) with a temperature 
controller SPR-7 and a themstated section for cell H-300. 
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FIGURE 1 
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Influence of temperature on the degradation of indanethacin in 
(a) absence, or (b) presence of zinc-ion at varying hydroxide- 
ion concentrations: 0, 0.001; 0 ,  0.003; A , 0.005; A , 0.008; and 
0 ,  0.01M. 
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TABLE 2 

L 

: 

- 

: 

- 

Effect of Hydroxide-Ion Concentration on the Apparent First-Order 
for Indanethacin Degradation in (a) Presence Rate Constant, 

or (b) Absence of Zinc-Ion at Various Temperatures. 
kobs 

-1 x lo2, min obs 
[OH-] ,M 25O 37O 45O 

a b a b a b 

0.001 0.57 0.56 0.99 1.30 1.87 2.14 
0.003 2.40 2.62 6.10 6.32 
0.005 4.16 4.58 8.80 11.34 12.74 14.20 
0.008 7.28 8.06 
0.010 8.99 10.35 19.65 22.89 28.39 30.35 

- - 

15.52 17.65 - - 

F 
0.001 I I I I I 

3.0 3.1 3.2 3.3 3.4 
1 3  7 x 1 0  , O K  

FIGURE 2 

Influence of varying concentrations of hydroxide-ion 
on indanethacin degradation in (a) absence, or (b) presence 
of zinc ion at various t q r o t u r e s ;  ( o ) : O ,  25;A, 3 7 O ;  

0 4 5 O ;  (b): 0 ,  25O.A.  3 7 O  and I , 45OC 
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FIGURE 3 

Arrhenius plot. showing tarpsrature dependence of Kobs, the 
apparent firrt-ordar indamathacin degradation constant 
in (a) absence, or presence of zinc-ion at various hydro- 
oxide-ion concentrations (MI: (a )  - , 0 ,  0.001M; A , 
0.OOW ando,  0.Olbd; (b) --- , 0 ,  0.001M; A ,  O.OOsM, and 
I , 0.01H 

RESULTS AND DISCUSSION 

The absorption data showed that the degradation of indanetha- 
cln in 0.01M hydroxide-ion concentration with or without zinc- 
ion reached maxinnun after 45 rnin at 25: in 15 rnin at 370and within 
10 min at 45OC. Since this degradation reaction is catalytic (2 ) ,  

it was assumed that the equilibrium absorbance for other hydroxide- 
ion concentrations would be same as that of the former. Figure 1 
indicates that the indanethacin degradation in the presence of 
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EFFECT OF ZINC-ION ON INDOMETHACIN DEGRADATION 1417 

TABLE 3 

'Ihedynamic Parameters for the Alkaline Hydrolysis of Indcrnetha- 
cin in (a) Presence, or (b) Absence of Zinc-Ion at 37OC obtained 
from Arrhenius-type Plots 

Ea, Kcallmole AH*, Kcallmole A5*,e.u., AG*, Kcallmole [OH-] ,M 
a b a b a b a b 

0.001 10.57 12.36 9.95 11.75 -35.69 -31.04 21.02 21.37 
0.005 10.19 10.48 9.58 9.86 -32.58 -31.14 19.68 19.51 
0.010 10.55 9.87 9.93 9.26 -29.81 -31.69 19.18 19.08 

zinc-ion at varying hydroxide-ion concentrations at tenperatures 
25, 37 and 45O was similar to that of observed data without zinc- 
ion. 

'Ihe plots of rate constants (kobs) versus hydroxide-ion con- 
centrations (Fig.2) in the presence or absence of zinc-ion at 
different tenperatures have similar slope values when calculated 
using regression analysis.Correlation coefficient values (0.997- 
0.999) were fairly good. The rate constant-hydroxide-ion concentra- 
tion profile suggests a simple mechanism as proposed by Hazratwala 

and Dawson (2). The reaction mechanism shown in Scheme 1, employed 
to study indanethacin degradation kinetics ( 2 ) ,  w u l d  give a 
rate constant-hydroxide-ion concentration profile that fits the 
experimental points wll. 

kl * Products I-' OH- Scheme 1 

where I- is the monodissociated indanethacin species, and, kobs= 
k[OH-I ,i.e. the rate constant is dependent upon hydroxide- ion 
concentration. 

'Ihe effect of temperature on the reaction rate can be ex- 
pressed using the Arrhenius-equation. As shown in Fig.3, plots 

of log kobs versus l/T yield a straight-line relationship at all 
hydroxide-ion concentration used. The activation energy values (3) 
and other themdynamic parameters according to the transition 
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1418 SINGLA, BABBER, AND PATHAK 

state theory ( 3 )  calculated are given in Table 3 .  These values 
are in good agreement with the earlier report (2) .  There is no 
significant difference in these values calculated for indomethacin 
degradation in the presence or absence of zinc-ion. Hence, it 
can be concluded that zinc-ion does not modify indomethacin degra- 
dation kinetics at the various hydroxoide-ion concentrations 
studied. The present investigation is augmented by report of Jean 
-- et a1.(4). They showed that alkaline earth metals and heavy metals 
had no effect on indanethacin degradation. 

1 .  

2 .  

3 .  

4. 
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