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ABSTRACT 
A simple, sensitive and reproducible visible spectrophotometric method was developed for the determination of 
oxybutynin chloride in pure form and in pharmaceutical formulation. The method involves the ion-associatiation 
complex formation of oxybutynin chloride with acidic dyes TPOOO or ARS. It has an absorption maximum at 480 
nm and 430 nm respectively and obeys beer’s law in the concentration range of 1.0-7.5 µg.ml-1 and 2.0-15 µg.ml-1 
respectively. Results of analysis were validated statistically and by recovery studies. The apparent molar 
absorptivity values (εmax) obtained are 1.954x104 lmol-1cm-1 and 1.545x104 lmol-1cm-1 respectively. Both these have 
correlation coefficient value of 0.9999. The proposed method has good precision and accuracy.  
Keywords: UV-Visible digital spectrophotometer, oxybutynin chloride (OXB), Tropaeoline OOO (TPOOO), 
Alizarin Red-S (ARS).  
 

INTRODUCTION 
Oxybutynin chloride, α-cyclohexyl-α-hydroxyl benzene acetic acid  
4-(diethylamino)-2-butynyl ester hydrochloride (Figure-1), is an anticholinergic and antispasmodic agent. 
It has direct effect on smooth muscle. It is used as hydrochloride for the management of urinary 
frequency, urgency and incontinence in neurogenic bladder disorders and in idiopathic detrusor instability 
and for nocturnal enuresis, as an adjunct to nonpharmacological therapy.   
A very few physico-chemical methods appeared in the literature for the determination of OXB in 
biological fluids and pharmaceutical formulations. The methods so far reported include high-performance 
liquid chromatography (HPLC)1-7, capillary electrophoresis (CE)8, ovomucoid column Chromatography9, 
liquid chromatography –mass spectroscopy (LC-MS)10, gas chromatography–mass spectroscopy(GC-
MS)11,12, HPLC-Tandem MS13  and spectrophotometric (UV- HPLC)14. The analytically important 
functional groups of OXB were not properly exploited for designing suitable spectrophotometric methods 
for the determination of OXB.   
Hence a new sensitive and flexible visible spectrophotometric method was developed based on the 
reactivity of OXB with reagents such as TPOOO and ARS (Acid dyes) because of the presence of 
aliphatic tertiary amino group (basic group) in OXB. A simple and sensitive UV spectrophotometric 
method was developed by dissolving the drug in methanol for the determination of OXB in pure or 
pharmaceutical formulations (tablets) and adopted it as a reference method (Table-1) to compare the 
results obtained by proposed method.  

EXPERIMENTAL 
Instruments used 
An Elico UV-visible digital spectrophotometer with 1 cm matched quartz cells were used for the spectral 
and absorbance measurements. An Elico LI-120 digital PH meter was used for PH measurements.  
Preparation of standard drug solutions 
A 1mg/ml solution was prepared by dissolving 50mg of pure OXB in 50ml of distilled water and this 
stock solution was diluted stepwise with distilled water to get the working standard solutions of 
concentrations of  25µg/ml (M1a) and 50µg/ml (M1b).  
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Preparation of reagents 
All the chemicals and reagents used were of analytical grade and solutions were prepared in triply 
distilled water.  
Method M1a 
Solutions of TPOOO (Fluka, 0.2%, 5.70 X 10-3M) and HCl (E.merck, 0.1M) were prepared by dissolving 
them in distilled water.  
Method M1b 
Solutions of ARS (0.2%, 5.84 X 10-3M) and HCl (0.1M) were prepared by dissolving them in distilled 
water.  
Procedure for bulk samples 
Into a series of 125ml separating funnels containing aliquots of standard OXB solution (0.5-3.0 ml, 
25µg/ml (M1a) or 50µg/ml (M1b),  6.0 ml of 0.1M HCl solution and 2.0 ml of 0.2% dye solution (TPOOO, 
M1a; ARS, M1b) were added successively. The total volume of aqueous phase in each separating funnel 
was adjusted to 150 ml with distilled water. To each separating funnel 10.0 ml of chloroform was added 
and the contents were shaken for 2 minutes. The two phases were allowed to separate and the absorbance 
of the separated chloroform layer was measured at maxλ  (480 nm, TPOOO; 430nm, ARS) against a 
similar reagent blank. The amount of OXB was deduced from the concerned calibration curve TPOOO 
(Fig 6); ARS (Fig.7). 
Procedure for pharmaceutical formulations 
An accurately weighed portion of tablet content equivalent to about 50mg of OXB was transferred into a 
50ml volumetric flask. Added about 40 ml warm methanol and shake well for about 20 min. The contents 
were diluted with methanol upto the mark and mixed thoroughly. The solution was filtered and the filtrate 
was evaporated to dryness. The residue was used for the preparation of sample solutions in the same way 
as under standard solutions preparations. These solutions were analyzed as under procedure described for 
bulk solutions.  

RESULTS AND DISCUSSION  
Spectral Characteristics 
In order to ascertain the optimum wavelength of maximum absorption  (λimax) of the coloured species 
formed in the above methods, specified amounts of OXB were taken and colours were developed 
separately by following the above procedures. The amounts of OXB present in total volume of coloured 
solutions were 5µg/ml. The absorption spectra were scanned on a spectrophotometer in the wavelength 
region of 350 to 850 nanometers (nm) against a similar reagent blank. The reagent blank absorption 
spectrum of each method was recorded against distilled water. The dye verses distilled water spectra were 
also recorded.  The results were graphically represented in Fig.4 (for method M1a) and Fig.5 (for method 
M1b). The absorption curves of the coloured species in each method show characteristic absorption 
maximum. 
Optimum conditions fixation in procedure 
The optimum conditions for the colour development of methods (M1a and M1b) were established by 
varying the parameters one at a time keeping the others fixed and observing the effect produced on the 
absorbance of the coloured species. The optimum range of absorption maximum for M1a is 475-485nm 
and that for M1b is 425-435nm.  
Optical characteristics  
In order to test whether the coloured species formed in the above methods, adhere to Beer’s law the 
absorbance at appropriate wave lengths of a set of solutions containing varying amounts of OXB and 
specified amounts of reagents were recorded against the corresponding reagent blanks. The Beer’s law 
plots of these systems are recorded graphically (Fig.6, TPOOO and Fig.7, ARS). Beer’s law limits, molar 
absorptivity, sandell’s sensitivity and optimum photometric range (Fig.8, TPOOO and Fig.9, ARS) for 
OXB in each method were calculated. Least square regression analysis was carried out for getting the 
slope, intercept and correlation coefficient values (Table.2). 
Precision 
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The precision of the method was ascertained from the absorbance values obtained by actual determination 
of six replicates of a fixed amount of OXB in total solution. The percent relative standard deviation and 
percent range of error (at 0.05 and 0.01 confidence limits) were calculated for the proposed methods 
(Table.2). 
Accuracy 
To determine the accuracy of each proposed method, different amounts of bulk samples of OXB within 
the Beer’s law limits were taken and analysed by the proposed method. The results (percent error) are 
recorded in Table.2. 
Analysis of formulations 
Commercial formulations (tablets) containing OXB were successfully analysed by the proposed methods. 
The values obtained by the proposed and reference methods for formulations were compared statistically 
with F and‘t’ tests and found not different significantly. The results are summarized in table.3. Percent 
recoveries were determined by adding standard drug to reanalyzed formulations. The results of the 
recovery experiments by the proposed methods are also listed in table3.  
Interference studies 
The effect of wide range of excipients and other active ingredients usually present in the formulations for 
the assay of OXB in methods M1a and M1b under optimum conditions were investigated. The commonly 
used excipients present in formulations did not interfere even if they are present in excess amount than 
they usually exist.  
Chemistry of the coloured species 
Oxybutynin (OXB) possesses the structure of the type 1RCCR −≡≡  in which the analytically useful 
functional groups such as unsaturated and oxidisable group −≡− CC  and aliphatic tertiary amine (in R1) 
are present. The proposed methods are based on the reactivity of tertiary amine group with TPOOO (M1a) 
and ARS (M1b). OXB forms an ion-association complex with an acid dye (TPOOO, M1a or ARS, M1b) 
which is extractable into chloroform from aqueous phase. The protonated nitrogen (positive charge) of 
OXB as hydrochloride is expected to attract the oppositely charged part (negative charge) of the dye and 
behave as a single unit being held together by electrostatic attraction. Based on the analogy, the structures 
of ion-association complexes are shown in scheme1.  
 

CONCLUSION 
The proposed method exploits the aliphatic tertiary amine functional group in OXB molecule. It can be 
seen from the results presented that the proposed methods have good sensitivity and maxλ . Statistical 
analysis of the results shows that the proposed procedures have good precision and accuracy. Results of 
the analysis of pharmaceutical formulations reveal that the proposed methods are suitable for their 
analysis with virtually no interference of the usual additives. The proposed methods are simple, sensitive, 
reliable and can be used for the routine determination of OXB in bulk samples and pharmaceutical 
formulations depending upon the needs of the specific situation.  

 
Fig.-1: Structure of Oxybutynin Chloride (OXB) 

Molecular Formula – C22H31NO3.HCl 
Molecular Weight – 394.0
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Table-1:Procedure for the assay of OXB in formulations  

 
Pharmaceutical formulations Reference method 

Tablets 

        
       An accurately weighed portion of the powdered tablets 
equivalent to 10 mg of drug was dissolved in 20 ml of 
methanol, shaken well and filtered. 10ml of the filtrate was 
diluted to 50 ml with methanol to get 100 ml/gµ  solution 
of drug in formulations.  
 
        Five ml of this solution was further diluted to 10 ml with 
methanol to get 50 ml/gµ  solution. The absorbance of the 

solution was determined at maxλ , 208 nm )2.(Fig .The 
quantity of the drug was computed from the Beer’s law plot 
(Fig.3) of the bulk drug in methanol.  
 

 
Table-2: Optical and Regression Characteristics, Precision and  

accuracy of the proposed methods for OXB 

Parameters a1M  
(TPOOO) 

b1M  
(ARS) 

)nm(maxλ  480 430 

Beer’s law limits ( ml/gµ ) 1.0 – 7.5 2 – 15 

Molar Absorptivity (l mol-1cm-

1) 
410954.1 ×  410545.1 ×  

Detection limit )ml/g(µ  21021.6 −×  110112.1 −×  
Sandell’s Sensitivity  

001.0/cm.g( 2−µ  
absorbance unit) 

210515.7 −×  210646.8 −×  

Optimum Photometric range 
)ml/g(µ  

0.55.2 −  5.120.5 −  

Regression equation 
)bcaY( +=  Slope (b) 

210808.4 −×  21096.3 −×  

Intercept (a) 3105.1 −×  3100.1 −×−  
Standard error on estimation 

)S( e  
410486.9 −×  310402.1 −×  

Standard deviation on slope 
)S( b  

410399.2 −×  41077.1 −×  

Standard deviation on intercept 
)S( a  

410946.9 −×  31046.1 −×  

Correlation Coefficient (r) 9999.0  9999.0  
Relative Standard deviation 
(%)* 

1.432 1.028 

% error in Bulk Samples** + 0.549 -0.338 
% range of error (confidence 
limits) 
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0.05 level 1.503 1.079 
0.01 level 2.357 1.692 

* Average of six determinations considered. , ** Average of three determinations. 
 

Table-3: Assay of OXB in Pharmaceutical Formulations 
 

Amount found by proposed 
methods** 

% Recovery by proposed 
methods*** 

Formulations* 
Labelled 
amount 

(mg) a1M  
(TPOOO) 

b1M  
(ARS) 

Reference 
method a1M  

(TPOOO) 
b1M  

(ARS) 

Tablet I 2.5 

±467.2  
0.006 

00.1F =  
50.1t =  

±463.2  
0.007 

35.1F =  
04.1t =  

±463.2  
0.006 

±89.98  
0.24 

±79.98  
0.28 

Tablet II 2.5 

±470.2  
0.030 

F = 1.45 
t = 1.20 

±457.2  
0.034 

F = 1.85 
t = 1.22 

±455.2  
0.025 

±97.98  
1.20 

±52.98  
1.36 

Tablet III 5 

±885.4  
0.080 

F = 1.00 
t = 1.58 

±892.4  
0.090 

F = 1.26 
20.1t =  

±880.4  
0.080 

±76.97  
1.59 

±85.97  
1.79 

Tablet IV 5 

±862.4  
0.135 

F = 1.75 
01.1t =  

±850.4  
0.126 

F = 1.51 
08.2t =  

±837.4  
0.102 

±24.97  
2.70 

±13.97  
2.50 

 
*  Tablets from four different pharmaceutical companies.  
**  Average ±  standard deviation of six determinations, the F- and t-test values refer to comparison of the 

proposed method with the reference method. Theoretical values at 95% confidence limit F=5.05, t=2.26. 
***  Recovery of 10mg added to the pre-analysed pharmaceutical formulations (average of three determinations) 
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Scheme-1 

 

 
 

Fig.-2:Absorption spectrum of OXB in Methanol (UV reference method) 

M51008.5]OXB[ −×=
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Fig.-3:Beer’s Law plot of OXB in Methanol (UV reference method) 

 
 

 
 
 
 
 

 
Fig.-4:Absorbance Spectrum of OXB – TPOOO (M1a) 
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Fig.-5:Absorbance Spectrum of OXB – ARS (M1b) 
 

 
 

 
 
 

 
Fig.-6:Beer’s law plot of OXB – TPOOO (M1a) 

 
 
 M2104]HCl[

M5106.7]DyeAqeuous[
M31014.1]TPOOO[

−×=

−×=

−×=

( )ml/g.ConcDrug µ
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Fig.-7:Beer’s law plot of OXB – ARS (M1b) 

Fig.-8:Ringbom Plot of OXB – TPOOO (M1a) 

Fig.-9:Ringbom Plot of OXB – ARS (M1b) 
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