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ABSTRACT 
Two sensitive and fast spectrophotometric methods were used by batch and flow-

injection spectrophotometric techniques for the determination of meloxicam are proposed. 
The methods were based on azo-coupling reaction of meloxicam with sulphanilic acid in the 
presence of sodium nitrite in alkaline medium after converted to primary aromatic amine. 
The calibration curves resulting from measuring the absorbance at 365 nm are linear over 
the ranges 1.0-20 and 3.0-30µg/ml with detection limits of 0.5 and 1.0µg/ml, respectively. 
The molar absorptivity and Sandell index were 1.3839×104l/mol.cm and 2.539×10-2µg/cm2 
respectively. The methods are applied to the routine analysis of meloxicam in 
pharmaceutical formulations. 
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 ــــــــــــــــــــــــــــــــــــــــــــــــــــ

 مع  األزدواجيزوآرات الصيدالنية بواسطة  تفاعل ضميلوكسيكام في المستحال تقدير

 سلفانيليك أسيد بالطريقة الكالسيكية و تقنية الحقن الجرياني 
  

 الملخص

طريقه الكالسيكية وتقنيه الحقـن     ألتخدام  يتناول هذه البحث طريقتين طيفيتين سريعتين و حساستين  باس               

 لميلوكسيكام مع سلفانيليك أسـيد     آزو األزدواجي هذه الطريقة تعتمد على تفاعل      .ميلوكسيكامالالجريانى لتقدير   

تـم قيـاس    .صوديوم في وسط قاعدي بعد تحويل الميلوكسيكام الى أمين أولـى أرومـاتى            ال يتبوجود نيتر 

مـل،  \ مايكروغرام   20-1.0انوميتر و ان الخط المستقيم ضمن مدى         ن 365متصاصية عند طول موجى     اال

وكانت . مل على الترتيب  \ مايكروغرام   1.0مل و   \ مايكروغرام   0.5مل وحد الكشف    \ مايكروغرام   3.0-30

 22.539-10×سـم و    .مـول \ لتر 1041.3839×قيمة كل من األمتصاصية الموالرية و معامل ساندل كاألتى          
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و تم تطبيق هذة الطريقـة لتحليـل الميلوكـسيكام فـي            . لطريقة الكالسيكيه لالترتيب   على   2سم\مايكروغرام

  .رات الصيدالنيةضلمستحا

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION 

         Chemically, meloxicam is 4-hydroxy-2-methyl-N-(5-methyl-2-thiazoly)-2H-1,2-
benzo-thiazine-3-carboxamide-1,1dioxide with chemical formula (C14H13N3O4S2) and 
molecular weight 351.4g/mol. (Fig.1) commonly prescribed as non-steroidal anti-
inflammatory drug with analgesic and antipyretic properties. Prostaglandins are substances 
that contribute to inflammation of joints. Meloxicam inhibits prostaglandin synthetase 
(cyclooxygenase 1 and 2) and leads to a decrease of the synthesis of prostaglandins; 
therefore, inflammation is reduced (British pharmacopeia, 2009). Many methods are 
reported for the determination of meloxicam by spectrophotometry (Garcia et al., 2000; 
Zawilla et al., 2003; Nemutlu and Kır, 2004; Taha et al., 2006; Basu et al., 2009; Sawant et 
al., 2010), turbidimetry (Murarasu et al., 2010), FI-chemiluminescence (Liu et al., 2005; M. 
Al-Kindy et al., 2010), liquid chromatography (Nemutlu et al., 2007), HPLC and RP-HPLC 
(Arayne et al., 2005; Sinha et al., 2009). HPLC is the technique that most commonly used 
for the determination of meloxicam (Zhang and Hoo-Kyun Choi, 2008; Bandarkar and 
Vavia, 2009). It confirms that the analytical procedure employed for the analysis is suitable 
and reliable for its intended use. In present study, all validation parameters for quantitative 
analysis of meloxicam in pharmaceutical formulation were tested. 
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Fig.1: Structure of meloxicam  

  
Experimental 
Apparatus 
Flow injection system 
       Fig.2 shows the schematic diagram of FIA system used for Flow-injection 
spectrophotometric determination of meloxicam. The system consists of: 
a. Multi channel peristaltic pump (Watson-Marlow 5012) was used to propel the buffer and 
reagent solution. 
b. Six-way injection valve with various sample loops, used to inject the sample into the 
buffers carrier stream (FIA lab company) 
c. Detector, Jenway 6300 UV-Visible spectrophotometer with a flow cell of 10mm path 
length made of quartz. 
d. Recorder, LKB2210 2-channel.  
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Fig.2: FI manifold used for determination of meloxicam by diazotization method: (p) pump,              
(S) sample injected (µl), (RC) reaction coils, (f) flow cell, and (W) waste. 

  
Reagents 
       All chemicals used were of analytical reagent grade and distilled water was used 
throughout the experiments. 
Stock solution of meloxicam (100 µg/ml): 0.01 g of meloxicam was transferred into a  
100 ml conical flask, 20 ml of 2.0 M sodium hydroxide solution was added and heated in a 
boiling water bath for 30 min, after cooling the pH was adjusted to a 9.0 by adding 
appreciate amount of 2.0 M hydrochloric acid then transferred to 100 ml volumetric flask 
and volume completed to 100 ml with distilled water, working standard solution (16µg/ml) 
was prepared by diluting a suitable volume of stock solution (6). 
Sodium hydroxide solution (2.0 M): 4.0 g of sodium hydroxide was dissolved in distilled 
water and the volume was completed to 50 ml. 
Sodium nitrite solution (1.0%): 1.0 g of sodium nitrite was dissolved in distilled water and 
the volume was completed to 100 ml. 
Hydrochloric acid solution (0.5 M) and (2.0 M): was prepared by dilution of concentrated 
hydrochloric acid (36%) with distilled water. 
Sulphanilic acid solution (0.1%): 0.1 g of Sulphanilic acid was dissolved in distilled water 
and the volume was completed to 100 ml. 
Sodium carbonate solution (0.5 M): 5.30 g of sodium carbonate was dissolved in distilled 
water and the volume was completed to 100 ml. 
Sample preparation  
       Ten tablets of meloxicam were grounded to fine powder and mixed thoroughly. A 
portion of the powder was weighed accurately, transferred into a 50 ml volumetric flask;  
40 ml of acetone was added and shaken for 30min in shaker water bath. The volume was 
diluted to the mark with acetone then the solution was mixed and filtered. A 25 ml of 
filtered solution was transferred into 100 ml conical flask and to the conical flask 
evaporated in a boiling water bath to dryness, after that previous procedure for stock 
solution was applied for meloxicam determination (Taha et al., 2006). 
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RESULTS AND DISCUSSION 

Batch method  
Preliminary investigation     
       Four milliliters of 100µg/ml meloxicam solution was added to a 25 ml volumetric flask, 
1.5 ml of 1.0% sodium nitrite solution, 0.5 ml of 0.5 M hydrochloric acid, 5 ml of 0.1% 
sulphanilic acid solution and 2.0 ml of 0.5 M sodium hydroxide were added. The solution 
was diluted to the mark with distilled water and the absorbance of the final solution was 
measured at 365 nm using 1.0-cm quartz cell against reagent blank, which was prepared in 
the same way except that it doses not contain meloxicam. 
Optimization of experimental parameters 
       Each spectrophotometric method has its optimum conditions, therefore different 
variable condition were investigated to obtain optimum condition; for measurements. 
Absorption spectra:-  
       The absorption spectra for possible formed azo compound and the blank are shown in 
Fig. 3. The azo compound shows maximum absorbance at 365 nm with non-significant 
absorbance of the blank at this wavelength as shown below. The apparent λmax was 
suspected because most the azo compounds give yellow, orange and red colours. 
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     Fig. 3: The spectra of (a) produce azo compound against blank (b) the blank  solution     
against distilled water. 
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Effect of sodium nitrite amount 
        Nitrite ion is an essential participitant in the diazotization reaction. Therefore, the 
effect of the volume of 1.0% sodium nitrite solution on the colour intensity was investigated 
as shown in Fig. 4. The absorbance increased by increasing volume of sodium nitrite added 
in the range of 0.5 to 2.0 ml and then slightly decreased at higher volumes. Therefore, 
2.0 ml of sodium nitrite was applied in subsequent reactions because it gave higher 
absorbance. 
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     Fig. 4:  Effect of 1.0% sodium nitrite volumes on the absorbance intensity. 
                                                                      
Effect of acids 
       Different types of acids viz hydrochloric acid, sulphuric acid, nitric acid, and acetic acid 
have been tested for maximum absorption achievement as shown in Table 1. Hydrochloric 
acid gave the best results in contrast with other acids. Effect of hydrochloric acid volumes 
on absorbance is shown in Fig. 5. The colour intensity increased with increasing 
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hydrochloric acid volumes up to 0.6 ml, after which the colour intensity start to decrease. 
Therefore, 0.6 ml of 0.5 M hydrochloric acid was used for further work. 
Table 1: Effect of different type of acids. 
 

Acid types (0.5M) Absorbance 
HCl 0.641 

H2SO4 0.536 
HNO3 0.554 

CH3COOH 0.540 
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Fig. 5:  Effect of 0.5M hydrochloric acid volumes on colour intensity. 

 
Effect of sulphanilic acid      
        The absorbance increased with increasing the added volume of 0.1% sulphanilic acid 
solution up to 6.0 ml, after which the absorbance starts to decrease. Therefore, 6.0 ml of 
0.1% sulphanilic acid was used for subsequent work. The solubility of sulphanilic acid is 
0.1g in 100 ml distilled water; therefore the added volume could not be reduced. Fig.6. 
shows the effect of sulphanilic acid volumes on the absorbance of the system. 
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      Fig. 6: Effect of the volume of Sulphanilic acid solution on the absorbance of the system         
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Effect of alkaline solution 
       Azo dye colours usually appear in alkaline media. The effects of different alkaline 
mediums were tested (0.5 M of sodium hydroxide, sodium carbonate and potassium 
hydroxide). The result shows that 2.0ml of 0.5 M sodium carbonate solution gave maximum 
absorption among other bases as shown in Table 2. Fig. 7. shows effect of different volumes 
of  0.5 M sodium carbonate on the colour intensity. 
 
Table  2: Effect of different type of bases. 
 

Base types (0.5M) Absorbance 
NaOH 0.576 

Na2CO3 0.638 
 KOH 0.602 
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       Fig. 7: Effect of the volume of 0.1% 0.5M of sodium carbonate of solution on the    

absorbance of the system. 
 
Calibration curve  
       The calibration curve in Fig. 8 obtained by recommended procedure showed good 
linearity over the concentration range 1.0-20 µg/ml for meloxicam. Table 3 shows the 
optical characteristics of the propose method. 
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y = 0.039x + 0.0548
R² = 0.9994
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       Fig.  8:   Calibration curve for spectrophotometric determination of meloxicam by  
coupling   with sulphanilic acid. 

 
 Table 3: Optical characteristics of the method for determination of   meloxicam. 
 

Parameter Character 
Colour pale –Yellow  

λ max (nm) 365 
Beer's law(µg/ml) 1.0-20 

Molar absorptivity(l/mol.cm) 1.3839×104 
Sandell index (µg/ml) 2.539×10-2 

Correlation coefficient (r) 0.9996 
Detection limit (µg/ml) 0.1 

 
Precision and accuracy   
       The precision and accuracy of the method were checked depending on values of relative 
standard deviation (RSD %) and relative error percent (Erel %) for five repetitive 
determination of meloxicam at three different concentration levels. Table 4 shows the 
accuracy and precision data. 
 

Table 4: Accuracy and precision data of the batch method. 
 

Meloxicam conc.(µg/ml) SD RSD% Erel% 
2.0 0.00305 2.335 -3.59 
10 0.00449 0.9894 2.35 
18 0.00152 0.2015 -0.68 

 
Flow injection procedure 
Preliminary investigation 
       The FI manifold shown in Fig. 2 was used for determination of meloxicam. Nitrous 
acid (1% NaNO2 in 0.5 M HCl), 0.025% sulphanilic acid and 0.2 M sodium carbonate 
solutions were propelled at flow rates 0.9, 0.8, 1.2 ml/min respectively using multi-channel 
peristaltic pump. 100 µl meloxicam solution sample was injected to react with nitrous acid 
solution in the20cm reaction coil. The formed diazonium ion was reacted with 0.025% 
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sulphanilic acid solution in the reaction coil 40cm and then with sodium carbonate solution 
in a reaction coil of 80 cm to form coloured azo compound. The peak heights were recorded 
at 365nm. 
Optimization of conditions 
        Table 5 shows the physical and chemical optimization for the method. 
Calibration curve  
        The calibration curve was constructed using the optimum conditions (Table 5), the 
calibration curve was linear in the concentration range 3.0-30 µg/ml meloxicam as shown in 
Fig. 9, with the detection limit 1.0 µg/ml. Table 6 shows the statistical data for the proposed 
method. 
 
Table 5:  Physical and chemical optimization for spectrophotometric determination of    

meloxicam with sulphanilic acid in alkaline medium using Flow –injection 
system.   

p.h = peak height 
 # = optimize number or best number 
 

Optimize 
parameter Variables Measurement 

ml/min 0.3 0.6 0.7 0.8# 0.9 1.2   Nitrous acid 
flow rate p.h(cm) 2.4 2.96 3. 65 4.98 4.65 4.01   

ml/min 0.3 0.6 0.7 0.8# 0.9 1.2   Sulphanilic 
acid flow rate p.h(cm) 2.81 3.61 4.11 5.28 4.68 4.26   

ml/min 0.3 0.6 0.7 0.8 0.9# 1.2 1.5  
Na2CO3 p.h(cm) 2.48 3.05 3.53 4.25 5.4 4.98 4.66  

Cm 10 20 30 40# 50 60   
RC1 p.h(cm) 2.46 2.95 3.66 4,5 3.73 2.9   

cm 20 30 40 50# 60 70   
RC2 p.h(cm) 3.45 4.01 4.28       4.8 4.2 3.71   

cm 30 40 50 60 70 80# 90 100 RC3 p.h(cm) 2.83 3.81 4.28 4.88 5.3 5.7 4.8 4.3 
µl 25 50 75 100 125# 150 175  

Ph
ys

ic
al

 
 

Sample 
volume p.h(cm) 2.25 2.85 3.45 4.68 5.55 5.15 5.03  

w/v% 0.2 0.4 0.6# 0.8 1.0    Sodium 
nitrite (%) p.h(cm) 3.2 4.28 5.3 4.35 4.16    

mol/l 0.1 0.2 0.3 0.4# 0.5    
HCl p.h(cm) 4.2 4.55 4.8 5.78 4.73    

w/v% 0.02 0.04 0.06# 0.08 0.1    Sulphanilic 
acid p.h(cm) 4.5 5.6 6.0 5.5 5.0    

mol/l 0.05 0.1 0.15 0.2# 0.25 0.3 0.35  

C
he

m
ic

al
 

Na2CO3 
p.h(cm) 5.0 5.5 5.9 6.2 6.0 5.7 5.2  
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y = 0.2294x + 1.8013
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            Fig. 9:  Calibration curve of FIS determination of Meloxicam by coupling with  
sulphanilic acid. 

 
Table 6: Statistical data of FIS determination of Meloxicam using diazotization reaction. 

 
Parameter Character 

Linearity range (µg/ml) 3.0-30 
Detection limit (µg/ml) 1.0 

Correlation coefficient (r)  0.9994 
Sample frequency (s/h) 30 

 
Precision and accuracy  

The precision and accuracy data for determination of Meloxicam by FIA using 
sulphanilic acid as reagent was checked. Table 7 show the values of relative standard 
deviation (RSD %) and relative error percent (Erel %) for triplicate injection of meloxicam 
at three different concentration levels. Error percent value was within acceptable range 
≤±5%. 
 
Table 7: Accuracy and precision data of the FIS method. 

 
Meloxicam conc.(µg/ml) SD RSD% Error% 

1.0 0.05 2.0 +1.52 
15 0.05 0.9615 -1.22 
30 0.05 0.5814 -1.21 

 
Study of interferences 

Effects of some common foreign species (interferences) which found in tablet 
formulation were checked, through injecting of synthetic solution containing pure 
meloxicam and varying amounts of interfering compound, under optimum condition. The 
result is shows in Table 8. The tolerable amount that a relative error (≤±5%) varied from a 
compound to another. 
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Table 8: Effect of foreign species on determination of meloxicam. 

 
 
Application of the methods 
       The proposed flow injection spectrophotometric methods were applied for Meloxicam 
determination in tablets. A comparison was made between results obtained by the proposed 
methods and HPLC method as a standard method, when samples were analyzed by 
Awamedica Company for drugs. The obtained data were in a good agreement with those 
obtained by standard method and the labeled amounts, as shown in Table 9. 
 
Table 9: Determination of meloxicam in commercial drugs by batch and FIA method .  

 
CONCLUSION 

       In this paper meloxicam was reacted as azo-coupling with sulphanilic acid in alkaline 
medium and has spectrophotometric characteristics suitable for application to the 
determination of the drug by batch and FI techniques. The batch and FI spectrophotometric 
methods proposed for quantitative determination of meloxicam in pharmaceutical 
formulations have the advantage of being fast, simple, inexpensive and applicable over a 
wide concentration range with good precision and accuracy. 

Batch method 
 

Flow –injection method 

Foreign species Conc.(µg/ml) Erel% Foreign species Conc.(µg/ml) Erel% 
Dextrin 10 2.09 Dextrin 20 -1.16 
Glucose 160 0.96 Glucose 160 -2.51 
Lactose 80 -3.59 Lactose 80 +1.38 

Potassium 
chloride 

80 -1.88 Potassium 
chloride 

120 +1.13 

Potassium citrate 20 1.39 Potassium 
citrate 

40 +2.8 

Sodium acetate 40 0.68 Sodium acetate 80 -4.09 
Sodium chloride 240 -3.9 Sodium chloride 240 -1.57 

Sorbitol 160 1.79 Sorbitol 200 +2.29 
Starch 40 2.35 Starch 80 -3.46 

Formulation Composition
Content 

(mg) 
declared 

Found 
(mg) in 
batch 

method 

Recovery
% 

Found 
(mg) in 

FI 
method 

Recovery
% 

Standard 
method 

Recovery
% 

Loxim Meloxicam 7.5 7.165 95.53 7.2 96.0 7.38 98.4 

Neopharma Meloxicam 7.5 7.1645 95.52 7.25 96.6 7.58 101.1 

Niche 
Generics 

Meloxicam 15 14.95 99.66 14.95 99.6 15.0 100.0 

Mobic  Meloxicam 15 15.14 100.9 14.4 96.0 14.68 97.9 
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