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ABSTRACT 

The present manuscript describes simple, sensitive, rapid, accurate, precise and economical Q-

absorbance ratio method for the simultaneous determination of ibuprofen and chlorzoxazone in 

bulk and synthetic mixture. Absorbance ratio method uses the ratio of absorbances at two 

selected wavelengths, one which is an isoabsorptive point and other being the λ-max of one of 

the two components. Ibuprofen and Chlorzoxazone show an isoabsorptive point at 227 nm in 

methanol. The second wavelength used is 221 nm, which is the λ-max of Ibuprofen in methanol. 

The linearity was obtained in the concentration range of 2-20 μg/ml for both Ibuprofen and 

Chlorzoxazone. The concentrations of the drugs were determined by using ratio of absorbances 

at isoabsorptive point and at the λ-max of Ibuprofen. The method was successfully applied for 

the determination of these two drugs in synthetic mixture. No interference was observed from 

excipients present in the synthetic mixture. The suitability of this method for the quantitative 

determination of Ibuprofen and Chlorzoxazone was proved by validation. The proposed method 

was found to be simple and sensitive for the routine analysis of these two drugs in synthetic 

mixture. The results of analysis have been validated statistically and by recovery studies.   

Keywords: Ibuprofen, Chlorzoxazone, Recovery, Absorbance ratio method, Isoabsorptive point, 

Validation. 
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INTRODUCTION  

Ibuprofen (IBU) is chemically (RS)-2-(4-(2-methylpropyl) phenyl) propanic acid (Figure 1) is a 

well known Nonsteroidal anti-inflammatory drug
1
. It is official in Indian Pharmacopoeia (IP)

2
, 

British Pharmacopoeia (BP)
3
, United states Pharmacopeia (USP)

4
, Japanese Pharmacopoeia 

(JP)
5
. IP and JP describe aqueous titration method for its estimation, while BP, IP, USP describes 

liquid chromatography method for its estimation. Literature survey reveals UV
6-7

, HPLC
8-10

, 

HPTLC
11

 methods for estimation of IBU alone. Literature survey also reveals UV
12-15

, HPLC
16-18 

HPTLC
19

 spectrophotometry
  
methods for determination of IBU with other drugs in combination. 

Chlorzoxazone (CHL) is chemically 5-chloro-3H-benzooxazol-2-one (Figure 2). Chlorzoxazone 

(CHL) is official in United states Pharmacopeia (USP)
20

. USP describes UV and liquid 

chromatography method for its estimation. Literature survey reveals Flourimetry
21

, HPLC
22-25

 

methods for determination of CHL alone. Literature survey also reveals UV
26-28 

, HPLC
29-31

, 

HPTLC
32

 methods for the determination of CHL with other drugs combination. The combination 

of these two drugs is not official in any pharmacopoeia; hence no official method is available for 

the simultaneous estimation of IBU and CHL in their combined synthetic mixture or dosage 

forms. Literature survey  reveal only simultaneous method
33

 for IBU and CHL in synthetic 

mixture or combined dosage forms. The present communication describes simple, sensitive, 

rapid, accurate, precise and cost effective spectrophotometric method based on absorbance ratio 

method (Q-analysis) for simultaneous estimation of both drugs in bulk and combined synthetic 

mixture.  

 

Figure 1: Chemical structure of Ibuprofen 

(IBU) 

 

Figure 2: Chemical structure of 

Chlorzoxazone (CHL) 

MATERIALS AND METHODS 

Apparatus 

A Shimadzu model 1700 (Japan) double beam UV/Visible spectrophotometer with spectral 

width of 2 nm, wavelength accuracy of 0.5 nm and a pair of 10 mm matched quartz cell was used 

to measure absorbance of all the solutions. Spectra were automatically obtained by UV-Probe 

system software. A Sartorius CP224S analytical balance (Gottingen, Germany), an ultrasonic 

bath (Frontline FS 4, Mumbai, India) was used in the study. 
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Reagents and materials 

IBU and CHL bulk powder was kindly gifted by Acme Pharmaceuticals Ltd. Ahmedabad, 

Mehsana, Gujarat, India. Methanol (AR Grade, S. D. Fine Chemicals Ltd., Mumbai, India) and 

Whatman filter paper no. 41 (Millipore, USA) were used in the study. 

Preparation of standard stock solutions 

An accurately weighed standard IBU and CHL powder (10 mg) were weighed and transferred to 

100 ml separate volumetric flasks and dissolved in methanol. The flasks were shaken and 

volumes were made up to mark with methanol to give a solution containing 100 μg/ml of each 

IBU and CHL. 

Methodology 

Absorbance ratio method uses the ratio of absorbances at two selected wavelengths, one which is 

an isoabsorptive point and other being the λ-max of one of the two components. From the 

overlay spectra of two drugs, it is evident that IBU and CHL show an isoabsorptive point at 227 

nm. The second wavelength used is 221 nm, which is the λ-max of IBU. Nine working standard 

solutions having concentration 2, 4, 6, 8, 10, 12, 16,18 and 20 μg/ml for IBU and 2, 4, 6, 8, 10, 

12, 16,18 and 20 μg/ml for CHL were prepared in methanol and the absorbances at 227 nm 

(isoabsorptive point) and 221 nm (λ-max of IBU) were measured and absorptivity coefficients 

were calculated using calibration curve. 

The concentration of two drugs in the mixture can be calculated using following equations. 

CX = [(QM – QY) / (QX -QY)] × A1/aX1      (1) 

CY = (A1/aX1) – CX     (2)   

Where, A1 and A2 are absorbances of mixture at 227 nm and 221 nm; aX1 and aY1 are 

absorptivities of IBU and CHL at 227 nm; aX2 and aY2 are absorptivities of IBU and CHL 

respectively at 221 nm; QM = A2 / A1, QX = aX2 / aX1 and QY = aY2 / aY1 

Validation of the proposed method 

The proposed method was validated according to the International Conference on Harmonization 

(ICH) guidelines
34

. 

Linearity (Calibration curve) 

The calibration curves were plotted over a concentration range of 2-20 μg/ml for IBU and 2-20 

μg/ml for CHL. Accurately measured standard solutions of IBU (0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 

1.6,1.8, 2.0 ml) and CHL (0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.6,1.8, 2.0 ml) were transferred to a series 

of 10 ml of volumetric flasks and diluted to the mark with methanol. The absorbances of the 

solutions were measured at 227 and 221 nm against methanol as blank. The calibration curves 
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were constructed by plotting absorbances versus concentrations and the regression equations 

were calculated.  

Method precision (Repeatability) 

The precision of the instrument was checked by repeated scanning and measurement of 

absorbance of solutions (n = 6) for IBU and CHL (10 µg/ml for both drugs) without changing the 

parameter of the proposed method. 

Intermediate precision (Reproducibility) 

The intraday and interday precision of the proposed method was determined by analyzing the 

corresponding responses 3 times on the same day and on 3 different days over a period of 1 week 

for 3 different concentrations of standard solutions of IBU and CHL (8, 12, 16 µg/ml for IBU 

and 8, 12, 16 µg/ml for CHL). The result was reported in terms of relative standard deviation (% 

RSD). 

Accuracy (Recovery study) 

The accuracy of the method was determined by calculating recovery of IBU and CHL by the 

standard addition method. Known amounts of standard solutions of IBU and CHL were added at 

50, 100 and 150 % level to pre-quantified sample solutions of IBU and CHL (4µg/ml for IBU 

and 5 µg/ml for CHL). The amounts of IBU and CHL were estimated by applying putting value 

in equation no.1 and 2. The experiment was repeated for three times. 

Limit of detection and Limit of quantification  

The limit of detection (LOD) and the limit of quantification (LOQ) of the drug were derived by 

calculating the signal-to-noise ratio (S/N, i.e., 3.3 for LOD and 10 for LOQ) using the following 

equations designated by International Conference on Harmonization (ICH) guidelines
18

.  

LOD = 3.3 × σ/S 

LOQ = 10 × σ/S 

Where, σ = the standard deviation of the response and S = slope of the calibration curve 

Analysis of synthetic mixture  

Ibuprofen (40 mg) and Chlorzoxazone (50 mg) standard drug powder were accurately weighed 

and then mixed with commonly used excipients like starch, lactose, magnesium stearate and talc. 

The synthetic mixture was then transferred to 100 ml volumetric flask containing 50 ml methanol 

and sonicated for 20 min. The solution was filtered through Whatman filter paper No. 41 and the 

volume was adjusted up to the mark with methanol. This solution (0.1 ml) was taken in to a 10 

ml volumetric flask and the volume was adjusted up to mark with methanol to get a final 

concentration of IBU (4 µg/ml) and CHL (5 µg/ml). The absorbances of the sample solution i.e. 
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A1 and A2 were recorded at 227 nm (isoabsorptive point) and 221 nm (λ-max of IBU) 

respectively, and ratios of absorbance were calculated, i.e. A2/A1. Relative concentration of two 

drugs in the sample was calculated using above equation (1) and (2). The analysis procedure was 

repeated six times with synthetic mixture. 

RESULTS AND DISCUSSION 

In absorbance ratio method (Q-analysis), the primary requirement for developing a method for 

analysis is that the entire spectra should follow the beer’s law at all the wavelength, which was 

fulfilled in case of both these drugs. The two wavelengths were used for the analysis of the drugs 

were 227 nm (isoabsorptive point) and 221 nm (λ-max of IBU) at which the calibration curves 

were prepared for both the drugs. The overlain UV absorption spectra of IBU (221 nm) and CHL 

(281 nm) showing isoabsorptive point (227 nm) in methanol is shown in Figure 3. 

 

Figure 3: Overlain absorption spectra of IBU (221 nm) and CHL (281 nm) showing 

isoabsorptive point (227nm) in methanol   

Linear correlation was observed in the concentration range of 2-20 µg/ml and 2-20 µg/ml for 

IBU and CHL respectively. The linearity of the calibration curve was validated by the high 

values of correlation coefficient. The  % RSD values of IBU were found to be 0.8217 and 0.6344 

at 227 and 221 nm respectively. The % RSD value of CHL was found to be 0.8217 and 0.5927 at 

227 and 221 nm respectively. Low % RSD indicates the repeatability of the proposed method. 

The low RSD values for interday and intraday reveals that the proposed method is precise. LOD 

and LOQ values for IBU were found to be 0.1276 and 0.3868 µg/ml and 0.1366 and 0.4141 

µg/ml at 227 and 221nm, respectively. LOD and LOQ values for CHL were found to be 0.1276 

and 0.3868 µg/ml and 0.0737 and 0.2236 µg/ml at 227 and 221 nm, respectively. These data 

show that method is sensitive for the determination of IBU and CHL. The regression analysis 

data and summary of validation parameters for the proposed method is summarized in Table 1. 
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Table 1: Regression analysis data and summary of validation parameters for the proposed 

method 

Parameters IBU CHL IBU & CHL 

Wavelength range (nm) 221 221 227  

Beer’s law limit (µg/ml) 2 - 20  2 - 20  2 - 20  

Regression equation (y = a + bc) 

Slope (b) 

Intercept (a) 

y = 0.045x + 0.013 

 0.045 

0.013 

y = 0.040x + 0.013 

0.040 

0.013 

y = 0.033x + 0.018 

0.033 

0.018 

Correlation Coefficient (r
2
) 0.997 0.997 0.999 

Molar extinction co-efficient  

(l mol
-1

 cm
-1

) 

475.77 425.74 358.3 

 

Accuracy (Recovery) 

(n = 3) 

Level I 100.33±0.76 100.4± 0.4 - 

Level II 99.66±1.01 100.96 ± 0.76 - 

Level III 99.99±0.16 99.49 ± 0.89 - 

Method precision (Repeatability) 

(% RSD, n = 6),  

0.6510 0.9734 0.7672 

Interday (n = 3) (% RSD
a
)  0.8753 – 1.6435 0.1077 – 1.4331  0.6669 – 1.3165 

Intraday(n = 3) (% RSD)  0.1312 –0.3364  0.2767 – 0.6591 0.3012 - 0.6210  

LOD
b 

(µg/ml) 0.1366  0.07379 0.1276  

LOQ
c
 (µg/ml) 0.4141 0.2236 0.3868 

Assay ± S. D
d
. (n = 3) 98.87 ± 1.022 99.83 ± 1.022 - 

a
RSD = Relative standard deviation. 

b
LOD = Limit of detection. 

c
LOQ = Limit of quantification. 

d
S. D. is standard deviation 

The recovery experiment was performed by the standard addition method. The mean recoveries 

were 100.32 ± 0.87 and 100.28 ± 0.74 for IBU and CHL, respectively (Table 2). The results of 

recovery studies indicate that the proposed method is highly accurate. The proposed validated 

method was successfully applied to determine IBU and CHL in their combined dosage form. The 

results obtained for IBU and CHL were comparable with the corresponding labeled amounts 

(Table 3). No interference of the excipients with the absorbance of analyte of interest appeared; 

hence the proposed method is applicable for the routine simultaneous estimation of IBU and 

CHL in mixture.  

Table 2: Recovery data of proposed method 

Drug Level Amount taken 

(µg/ml) 

Amount added 

(%) 

% Mean recovery ± S.D.  

(n = 3) 

IBU I 4 50 100.33 ± 0.76 

II 4 100 99.66 ± 1.01 

III 4 150 99.99 ± 0.16 

CHL I 5 50 100.4 ± 0.4 

II 5 100 100.96 ± 0.76 

III 5 150 99.49 ± 0.89 

S. D. is Standard deviation and n is number of replicate 
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Table 3: Analysis of IBU and CHL in synthetic mixture 

Tablet 

 

Label claim (mg) Amount found (mg) % Label claim ± S. D. (n = 6) 

IBU CHL  IBU CHL IBU CHL 

I 400 500 395 499 98.87 ± 1.022 99.83 ± 1.022 

S. D. is standard deviation and n is number of replicate 

CONCLUSION 

The proposed spectrophotometric method was found to be simple, sensitive, accurate and precise 

for determination of IBU and CHL in mixture. The method utilizes easily available and cheap 

solvent for analysis of IBU and CHL hence the method was also economic for estimation of IBU 

and CHL from mixture. The common excipients and additives are usually present in the 

synthetic mixture do not interfere in the analysis of IBU and CHL in method, hence it can be 

conveniently adopted for routine quality control analysis of the drugs in mixture.  

ACKNOWLEDGEMENT 

The authors are thankful to Acme Pharmaceutical Ltd., Ahmedabad, India for providing gift 

sample of IBU and CHL for carry out the research work.  

REFERENCES. 

1. Maryadele. J. O’ Neil. The Merck Index: An Encyclopedia of chemicals, drugs and 

biologicals, 14th edition. New Jersey: Published by Merck Research Laboratories, Division 

of Merck and Co., Inc. Whitehouse station; 2006: 49. 

2. Indian Pharmacopeia, Vol. II. New Delhi, The Controller Publication, Govt of India, 2010; 

1479-1482. 

3. British Pharmacopoeia, Vol II. London, The British Pharmacopoeia Commission, 2009; 

1089. 

4. The United State Pharmacopeia. USP32-NF25. Rockville MD: United State Pharmacopeial 

Convention, Inc; 2009, 2607 – 2609 . 

5. The Japanese Pharmacopiea, society of  Japanese Pharmacopeia , 15
th

 edition, 2006; 744. 

6. Hapse S, Kadaskar P, Shirsath A. Difference spectrophotometric estimation and validation of 

ibuprofen from bulk and tablet dosage form, Scholars Research Library, Der Pharmacia 

Lettre. 2011; 3 (6):18-23. 

7. Matkovik S, Valle G , Briand L ,Quntitative analysis of  Ibuprofen in pharmaceutical 

formulation through FTIR spectroscopy. Latine American Apllide Research 2005;  35(6):189 

– 195.  

8. Valderrama P,  Romero A , Imamura P , Poppi R , Figures of Merit in the Quantification of  



Patel et al.,  Am. J. PharmTech Res. 2013; 3(1)     ISSN: 2249-3387  

www.ajptr.com  610 

 

Ibuprofen Enantiomers by Chiral HPLC. J Chromatographic Sci, 2009;47(4):777-80. 

9.  Reddy R,  Chandiran I , Jayaveera K , Koteswara R .Quantification of Ibuprofen in human 

plasma by using High Throughput Liquid Chromatography–tandem mass spectrometric 

method and its applications in pharmacokinetics. Scholars Res Lib 2010; 2(3):101-111. 

10. Zhazo X, Chen D, Li K. Sensitive liquid chromatography assay for the Simultaneous 

determination of ibuprofen & its prodrug, ibuprofen eugenol ester in Rat plasma. Pharm 

Socity of Japan, 2005; 125(9):733-77. 

11.  Starek M,  Krzek J. TLC Chromatographic–Densitometric Assay of Ibuprofen and Its 

Impurities. J  Chromatographic Sci, 2010;48(2):1-5. 

12. Patel D , Shah R , Patel A , Tank P . Development and validation of first order derivative 

U.V spectroscopic method  for  estimation of Ibuprofen and Famotidine in synthetic mixture. 

An Int J  Pharm sci.2009;15(2):2506 -2515. 

13. Joshi R, Nilima S. Pawar S. Katiyar D, Development and validation of UV 

spectrophotometric methods for simultaneous estimation of Paracetamol and Ibuprofen in 

pure and tablet dosage form, Pelagia Research Library Der Pharmacia Sinica, 2011, 2 (3): 

164-171. 

14. Nallasivan P K,.Saranya K. C, Kumar R S, Jeevanantham S, Venkatnarayanan. R., 

Simultaneous determination of Ibuprofen and Tizanidine in bulk drug and its combined 

dosage form by spectrophotometry. Scholars Research Library, Der Pharmacia Lettre, 2010; 

2(6): 289-295 

15.  Hassan W, Determination of Ibuprofen and Paracetamol in Binary Mixture Using 

Chemometric-Assisted Spectrophotometric Methods . American J Applied Sci 2008; 5 

(8):1005-1012. 

16. Shah D , Suthar D , Baldania S ,Chhalotiya U , Bhatt K . Development and Validation of 

Liquid Chromatographic Method for Estimation of Ibuprofen and Famotidine in Combined 

Dosage Form. Int Scholarly Research Network, ISRN Anal Chem, 2012; 8(6):5  

17.  Nyola N , Samy G, Jeyabalan, Simultaneous Estimation of Ibuprofen andFamotidine in Pure 

and Combination DosageForm by RP-HPLC, J Applied Pharm Sci 2012;02 (05):79-83. 

18.  Battu P , Reddy M . RP-HPLC Method for Simultaneous Estimation of Paracetamol and  

Ibuprofen in Tablets. Asian J. Research Chem. 2009;2(1):70-72. 

19. Chitlange S , Sakarkar D , Wankhede S , Wadodkar S .
 
High performance thin layer 

chromatographic method for simultaneous estimation of ibuprofen and pseudoephedrine 

hydrochloride . Indian J  Pharm Sci. 2008; 70(3):398-400. 



Patel et al.,  Am. J. PharmTech Res. 2013; 3(1)     ISSN: 2249-3387 

611 www.ajptr.com 

 

20. The United State Pharmacopeia. USP32-NF25. Rockville MD: United State Pharmacopeial 

Convention, Inc; 2009, 1740 – 1741 . 

21. Stewart J, Chan C, Fluorometric determination of Chlorzoxazone in tablets and biological 

fluids, J Pharm Sci. 1979 ; 68(7):910-912. 

22. Rajnarayana K, Mada S , Vidyasagar J, Kishore P, Krishna D . Validated HPLC Method for 

determination of Chlorzoxazone in human serum and its application in a clinical 

pharmacokinetic study, Pharmazie. 2002 ;57(12):811-3. 

23. Honigberg I, Stewart J , Coldren J . Liquid chromatography in pharmaceutical analysis X: 

Determination of Chlorzoxazone and Hydroxy metabolite in plasma. J Pharm Sci. 1979; 

68(2):253-255. 

24. Lucas D, Berthou F, Girre C, Poitrenaud F, Ménez JF. High-performance liquid 

chromatographic determination of chlorzoxazone and 6-hydroxychlorzoxazone in serum: a 

tool for indirect evaluation of cytochrome P4502E1 activity in humans. J Chromatography. 

1993;2(1):79-86. 

25. Stiff D, Frye R, Branch R. Sensitive high-performance liquid chromatographic determination 

of chlorzoxazone and 6-hydroxychlorzoxazone in plasma. J Chromatography 

1993;613(1):127-131. 

26. Jadia M, Narayan U. Validated UV-Spectrophotometric and RP- HPLC Method for The 

Simultaneous Estimation of Paracetamol and Chlorzoxazone in Tablet Dosage form. 

Pharmatutor-art-1254. 

27. Kale U , Naidu K , Shingare M .Simultaneous Spectrophotometric  Estimation of 

Chlorzoxazone and Nimesulide from combined doses form. Ind J Pharm Sci 2002;7(4) :168-

169. 

28.  Thakur A , Hajare A , Nikhade R , Chandewar A . Simultaneous Estimation of Tramadol 

Hydrochloride and Chlorzoxazone by Absorbance Correction Method. J Pharm Res 2011; 

4(6):1683-1684. 

29. Rathinavel G  , Priyadarsini R,  Thakur D, Premanand D, Valarmathy J., Hemalatha L  

Samueljoshua J. Validated RP-HPLC Method for Estimation of Aceclofenac, Paracetamol 

and Chlorzoxazone in Dosage Form, Scholars Research Library , Der Pharma Chemica. 

2010; 2(2): 286-296. 

30. Biswas A , Basu A, Simultaeous Estimation of Paracetamol, Chlorzoxazoe and Diclofeac 

Potassium in Pharmaceutical Formulatio by a RP HPLC Method. Int J Pharma Bio Sci . 

2010;1(2):212-216. 



Patel et al.,  Am. J. PharmTech Res. 2013; 3(1)     ISSN: 2249-3387  

www.ajptr.com  612 

 

31.  Chakraborty M, Chaudhury D, Basu A, Das D, Chakraborty S, Simultaneous Determination 

of Paracetamol, Chlorzoxazone and Diclofenac Sodium in Tablet Dosage Form by HPLC. Int 

J Res Article Pharm Innovations. 2012;2( 2):34-44. 

32. Yadav S , Jagtap AS, Rao J . Simultaneous Determination of Paracetamol, Lornoxicam and 

Chlorzoxazone in Tablets by High Performance Thin Layer Chromatography. Scholars 

Research Lib Der Pharma Chem. 2012;4(5):1798-1802. 

33. Nema R, Kumar M , Simultaneous Spectrophotometric Estimation of Ibuprofen and 

Chlorzoxazone in Tablet Dosage form. Int J Chem Sci 2008;6(3):1638-45. 

34. The International Conference on Harmonization, Q2 (R1), Validation of Analytical  

Procedure, Text and Methodology, 2005. 


