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  RP-HPLC ASSAY METHOD DEVELOPMENT 
FOR PARACETAMOL AND LORNOXICAM IN 
COMBINATION AND CHARACTERIZATION OF 
OXIDATIVE DEGRADATION PRODUCTS OF 
LORNOXICAM 

A simple, specific, accurate and precise reverse phase high pressure liquid 

chromatographic method has been developed for the simultaneous determi-

nation of paracetamol and lornoxicam from tablets and characterization of deg-

radation products of lornoxicam by reverse phase C18 column (Inertsil ODS 

3V C-18, 2504.6 mm, 5 μm). The sample was analyzed using buffer (0.02504 

M):methanol in the ratio of 45:55, as a mobile phase at a flow rate of 1.5 

mL/min and detection at 290 nm. The retention time for paracetamol and lorno-

xicam was found to be 2.45 and 9.40 min, respectively. The method can be 

used for estimation of the combination of these drugs in tablets. The method 

was validated as per ICH guidelines. The linearity of the developed method 

was achieved in the range of 249.09 – 747.29 μg/mL (r
2 

= 0.9999) for paracet-

amol and 4.0125–12.0375 μg/mL (r
2
 = 0.9999) for lornoxicam. Recoveries from 

tablets were between 98 and 102%. The method was validated with respect to 

linearity, accuracy, precision, robustness and forced degradation studies which 

further proved the stability-indicating power. During the forced degradation stu-

dies, lornoxicam was observed to be labile to alkaline hydrolytic stress and 

oxidative stress (in the solution form). However, it was stable to the acid hyd-

rolytic, photolytic and thermal stress (in both solid and solution form). The 

formed degraded products were investigated by electrospray ionization (ESI) 

time-of-flight mass spectrometry, NMR and IR spectroscopy. A possible degra-

dation pathway was outlined based on the results. The method was found to 

be sensitive with a detection limit of 0.193 and 2.768 μg/ml, and a quantitation 

limit of 0.638 and 9.137 μg/ml for lornoxicam and paracetamol, respectively. 

Due to these attributes, the proposed method could be used for routine quality 

control analysis of these drugs in combined dosage forms. 

Keywords: RP-HPLC, lornoxicam, validation, stability indicating, force 
degradation study, tablet formulation. 

 
 

Stability is one of the most fundamental aspects 

of the product characteristics. Stability testing and 

forced degradation studies play a very crucial role 

during drug development to elucidate the intrinsic 

stability of the drug substance [1]. The term stability-

indicating assay had been used to describe “a pro-
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cedure which affords specific determination of a drug 

substance in the presence of its degradation pro-

ducts” [2]. According to the International Conference 

on Harmonization (ICH) Guideline Q1A (R2) on the 

stability testing of new drug substances and products, 

the stability testing of the drug substance should be 

carried out under different stress conditions to vali-

date the stability indicating supremacy of the analyti-

cal methods used for the analysis of stability samples 

[3]. The prime objective of studying the stability of a 

drug is to determine the shelf-life of the drug. Identi-

fication of the degradation products, establishment of 

degradation pathways and determination of intrinsic 
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stability of the drug molecules and validation of the 

analytical procedure are the goals achieved by stress 

testing [3]. The various conditions specified for the 

forced degradation studies should include extremes 

of pH, oxidative, photolytic degradation, and the effect 

of temperature [4-9]. In addition, the need for the 

stability studies on a drug candidate arises from the 

fact that the chemical integrity of the drug substance 

should be maintained until the compound is delivered 

to the intended site of action. Furthermore, a stability 

indicating assay method provides assurance on 

detection changes in identity as well as purity potency 

of the product. 

Lornoxicam belongs to the non-steroidal anti-

inflammatory drug (NSAID) category [10]. Lornoxicam 

is a compound in the same chemical class as piroxi-

cam, meloxicam and tenoxicam, with potent anti-

inflammatory, antipyretic and analgesic activity [11]. It 

works by blocking the action of cyclooxygenase which 

is responsible for the production of prostaglandin in 

the body.  

Paracetamol is an analgesic and antipyretic. It is 

used in the treatment of pain and also for reducing 

fever. Paracetamol is chemically N-(4-hydroxyphenyl) 

acetamide (Figure 1) [12]. 

OH

N CH3

O

H

 

Figure 1. The chemical structure of paracetamol. 

Lornoxicam is chemically ((3E)-6-chloro-3-

[hydroxy(pyridin-2-ylamino)methylene]-2-methyl-2,3-

dihydro-4H-thieno[2,3-e][1,2]thiazin-4-one 1,1-

dioxide) (Figure 2) [10].  
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Figure 2. The chemical structure of lornoxicam. 

Literature review revealed that lornoxicam is not 

official in any pharmacopoeia. Upon a detailed lite-

rature survey, it was found that only a few selected 

RP-HPLC, LC and LC/MS/MS methods were reported 

for estimation of lornoxicam [13,14] and paracetamol 

[15–17] in their individual and combined dosage form 

[18] and plasma samples. These methods are not so 

specific for simultaneous estimation of lornoxicam 

and paracetamol in their combined dosage form. To 

date, no method has been reported in the literature for 

the determination of lornoxicam along with characte-

rization of its degradation products. Therefore, an 

improved method for the quantitative determination of 

lornoxicam and paracetamol is needed and also 

required to meet the stability-indicating demand. This 

is the first report of an RP-HPLC method for the esti-

mation of lornoxicam and paracetamol in combined 

dosage form. The method was validated as per ICH 

guidelines [19]. 

A stability study of lornoxicam towards acidic, 

alkaline, neutral, thermal, oxidative, and photolytic 

degradation processes was carried out, specified as 

per the ICH guidelines for stress testing. The aim of 

this work was to develop a stability indicating method 

for the determination of lornoxicam and also to cha-

racterize its degradation products using RP-HPLC. 

TOF/MS with electrospray ionization (ESI) interface in 

positive ion mode, NMR and IR spectroscopy were 

used for the identification and characterization of the 

drug and its degraded products. 

EXPERIMENTAL 

Materials 

Lornoxicam, active pharmaceutical ingredient 

(API), and working standard was supplied by Glen-

mark Generics Limited. Paracetamol, API, and work-

ing standard was supplied by Sri Krishna Pharma-

ceuticals Limited. Combination drug product of lorno-

xicam and paracetamol was provided by Zydus 

Cadila Healthcare Limited (Ahmedabad, India). 

HPLC Conditions and standard solutions 

The HPLC system (Shimadzu LC 2010C) con-

sisted of a system controller (CLASS - VP) with PDA 

detector. An Inertsil ODS 3V C-18, 5μm (2504.6 

mm) column was employed for the separation of 

impurities from lornoxicam. The column eluent was 

monitored at 290 nm. The mobile phase was pre-

pared by mixing methanol and ammonium dihydrogen 

orthophosphate buffer (0.02504 molar and pH 7.3) in 

a ratio 55:45 (v/v). The flow rate was 1.5 ml/min. All 

determinations were performed at 30 C. All the 

samples were analyzed by HPLC method after filtra-

tion using 0.45 μm membrane filters. The injection 

volume was 20 μl.  

For the preparation of lornoxicam and paracet-

amol mixed standard solution, accurately weighed 32 

mg of lornoxicam powder was transferred to a 200 ml 
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volumetric flask; then 150 ml of mobile phase was 

added and the mixture was sonicated and volume 

was made up to mark to prepare stock solution of 

lornoxicam. Then 50 mg of paracetamol working 

standard was transferred to a 100 ml volumetric flask, 

to this 50 ml of mobile phase was added and the 

mixture was sonicated. Then 5 ml of stock solution of 

lornoxicam was added to this 100 ml volumetric flask 

and the mixture was then sonicated. Volume was 

made up to mark with mobile phase to obtain final 

standard concentration of lornoxicam 8 µg/ml and 

paracetamol 500 µg/ml. 

Mass spectrometry 

Initial LC/MS/MS analysis was performed on 

LCQ Fleet and TSQ Quantum Access Mass Spec-

trometer. The analysis was performed in positive and 

negative ionization mode with electrospray ionization. 

The parameters for the ion source (voltage, IS, 5500 

V, declustering potential, DP, 70 V, focusing potential, 

FP, 400 V and entrance potential, EP, 10 V) were set 

with nebulizer gas as air at a pressure of 40 psi and 

curtain gas as nitrogen at a pressure of 25 psi in 

mass spectrometer. An Inertsil ODS-3V C18 column 

(2504.6 mm, 5 µm, GL Sciences, Japan) was used 

for the separation. The mobile phase was a mixture of 

methanol and ammonium dihydrogen orthophosphate 

buffer (pH 7.3 adjusted with triethylamine) in a ratio of 

55:45 (v/v). The analysis was performed at a flow rate 

of 1.5 mL/min. 

NMR Spectroscopy 

The 
1
H-NMR experiments were carried in 

DMSO-d6 at 25 C on a Bruker Avance III 400MHz FT 

NMR spectrometer. 
1
H-NMR chemical shifts are 

recorded on the  scale in ppm, relative to tetramethyl 

silane (TMS),  0.00 ppm. 

Method validation 

Linearity 

Calibration curve of paracetamol and lornoxicam 

was prepared for the establishment of linearity. For 

paracetamol and lornoxicam tablets, concentration 

range 50–150% drug concentration of paracetamol 

(249.0, 398.5, 498.1, 597.8, and 747.2 µg/ml) and 

lornoxicam (4.0, 6.4, 8.0, 9.6 and 12.0 µg/ml) drug 

solution in mobile phase was used. The peak area of 

each concentration was plotted against the corres-

ponding concentration to obtain the calibration graph 

and the plots were subjected to linear regression 

analysis. 

Precision 

Precision study was performed for the deter-

mination of method and intermediate precision (rug-

gedness). Method precision studies were performed 

by injecting same concentrations of paracetamol and 

lornoxicam i.e., 500 and 8 μg/ml, respectively, in hex-

plicate on the same day with same condition. While 

for intermediate precision studies; these concentra-

tions were injected in hexplicate on different day by a 

different analyst, using a different HPLC system & 

different column lot using same lot of sample. Drug 

concentrations were calculated using the area obtained 

from the linearity plots and the results are expressed 

as percent relative standard deviation (RSD). 

Limit of quantitation (LOQ) and limit of detection (LOD) 

LOQ and LOD were calculated using equation 

LOD = 3.3N/B and LOQ = 10N/B, where N is the stan-

dard deviation of the peak areas of the drugs (n = 3), 

taken as a measure of noise, and B is the slope of the 

corresponding calibration curve. LOD and LOQ of the 

target sample were determined by injecting each con-

centration in hexplicate. Solutions of paracetamol and 

lornoxicam were prepared at LOD and LOQ levels, 

corresponding to 0.03 (2.768 and 0.193 μg/ml for 

paracetamol and lornoxicam, respectively) and 0.1% 

(9.137 and 0.638 µg/ml), respectively. 

System suitability tests 

System suitability test parameters must be 

checked to ensure that the system is working cor-

rectly during the analysis. The test parameters such 

as capacity factor, selectivity factor, resolution, num-

ber of theoretical plates (column efficiency) and sym-

metry factor were checked. 

Recovery studies 

The accuracy of the method was evaluated at 

50, 100 and 150% of nominal concentration for para-

cetamol and lornoxicam. At each level of the amount, 

six determinations were performed in order to check 

the recovery of the drug at different levels in the 

formulations. 

Specificity 

Specificity is the ability of the method to mea-

sure the analyte response in the presence of its 

potential impurities [3]. The method specificity and 

stability-indicating of the analytical method were eva-

luated by the ability of the chromatographic conditions 

to separate the major degradation products from 

paracetamol and lornoxicam and by determination of 

the purity of the drug peak in the presence of placebo 

(synthetic blend of tablet excipients), mobile phase, 

blank using a PDA detector. Peak purity of the para-
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cetamol and lornoxicam in stressed samples was 

verified using the PDA in the wavelength range of 

200–400 nm.  

Robustness of the method 

The robustness of the method was evaluated 

during development by making small, but deliberate, 

changes to the method parameters. In addition, 

experimental conditions were purposely altered and 

the resolution between paracetamol and lornoxicam 

was evaluated. To study the effect of flow rate and 

column temperature on the resolution, these were 

changed by 0.2 units from 1.3 to 1.7 ml/min and from 

35 to 45 C, respectively. The mobile phase com-

ponents ratio was changed by 2% (i.e., 57:43 and 

53:47) and pH of mobile phase was changed by 0.2 

(pH 7.1 and 7.5). 

Stability 

The combined standard solution of paracetamol 

and lornoxicam was stored at two different conditions 

(room temperature and 8 C), unprotected from light, 

at ambient conditions and assayed after initial, 2, 4, 7, 

13, 19 and 25 h against a freshly prepared standard 

solution. 

Analysis of paracetamol and lornoxicam in prepared 

formulation 

To determine the concentration of paracetamol 

and lornoxicam in tablets (labeled claim: 500 and 8 

mg per tablet), 20 intact tablets were accurately 

weighed and the average weight was calculated. The 

tablets were crushed into a fine powder. An accu-

rately weighed quantity of powder equivalent to 16 mg 

of lornoxicam was transferred into a 200 ml volu-

metric flask. Then, 150 ml of diluent was added to the 

flask and sonicated for 30 min with intermittent shak-

ing. The volume was made up to the mark and mixed. 

The solution was then filtered through a 0.45 µm 

PVDF filter. 5.0 ml of filtrate was transferred into a 50 

ml volumetric flask and the diluent was added up to 

the mark to get a final concentration of 500 µg/ml of 

paracetamol and 8 µg/ml of lornoxicam.  

Preparation of degradation products of lornoxicam 

Different stress conditions for the forced degra-

dation studies of bulk drug and pharmaceutical formu-

lations were used. Zero time samples and placebos, 

i.e., samples without drug with other excipients, were 

also prepared and analyzed for the comparison with 

the stressed samples. The chromatograms of the 

blank solutions consisting of stress agents with and 

without the drug and the zero time drug solutions 

together with stress agents were inspected in order to 

mark the peaks corresponding to stress agents and to 

distinguish them from the potential drug degradation 

products. The stressed samples were also detected 

under different wavelengths in order to ensure that no 

additional degradation product(s) were formed with 

different wavelength values as compared to lornoxi-

cam. The total chromatographic run time was 2.5 

times longer than the retention time of the drug peak. 

Acidic conditions 

For acidic hydrolysis, hydrochloric acid of diffe-

rent strengths was used for the preparation of ion. 

First, 100 mg of lornoxicam in 100 ml volumetric flask 

was dissolved in 5 ml 0.01 N HCl and kept at 25 C 

for 2 h, at 40 C for 8 h and at 80 C for 4 h, and then 

volume was made up with 95 ml of mobile phase. 

Then, the drug solutions were prepared similarly in 1, 

2 and 5 M HCl and kept at 80 C for 4 h. 

Alkaline conditions 

Alkaline degradation studies were performed by 

preparing 1 mg/ml lornoxicam solution. First, 100 mg 

of lornoxicam in 100 ml volumetric flask was dis-

solved in 5 ml 0.01 M sodium hydroxide and kept at 

25 C for 2 h, at 40 C for 8 h and at 80 C for 4 h, 

and then volume was made up with 95 ml of mobile 

phase. Then, the drug solutions prepared in 5 M 

NaOH were kept similarly at 40 C for 8 h and at 80 

C for 4 h. Identification of the degradation product 

was done after alkaline hydrolysis of drug solution to 

complete degradation. 

Subsequently, after complete degradation, the 

pH of the solution was adjusted to precipitate the 

degraded product of lornoxicam. The precipitates 

were filtered, washed and dried under vacuum and 

protected from air and light. 

Neutral (water) conditions 

For neutral hydrolysis, 100 mg of lornoxicam in 

100 ml volumetric flask was dissolved in 5 ml water 

and exposed to different temperature conditions: 25 

C for 2 h, 40 C for 8 h, 80 C for 4 h, and then the 

volume was made up with 95 ml of water (1 mg/ml). 

Thermal degradation studies 

To investigate the susceptibility of the drug 

under thermal stress conditions, the bulk drug was 

spread in a thin layer in a Petri plate, and the drug 

solution (1 mg/ml in 0.01 M HCl) was exposed to dry 

heat in a hot air oven at 70 C for 15 days. For the 

identification, purification and analysis of major degra-

dation product after thermal degradation, the solvent 

was exposed to freeze drying and protected from air 

and light. 
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Oxidative conditions 

Oxidative degradation studies were performed 

using hydrogen peroxide solution of different strengths 

at room temperature. The lornoxicam solution (1 

mg/ml) was first dissolved in 5 ml 3% H2O2 and kept 

at 25 C for 2 h, at 40 C for 8 h and at 80 C for 4 h, 

and then the volume was made up with 95 ml of 

mobile phase. A similar solution was prepared in 10% 

H2O2, and it was analyzed after 6, 10 and 24 h. 

Finally, studies were carried out on drug solution in 

30% H2O2 kept at 80 C for 4 h. 

The identification and analysis of the degraded 

products was done by IR, NMR and MS/ESI. 

Photodegradation studies 

Photodegradation studies were carried out by 

exposing the drug solutions (1 mg/ml in 0.1 M HCl, 

water: methanol mixture and 0.1 M NaOH) as well as 

powder drug in a photostability chamber. The powder 

was spread as a thin layer in a Petri plate. The overall 

illumination at the point of placement was 6000 lx 

fluorescent and 0.7 W/m
2
 UV light. Samples were 

withdrawn after 15 days. The samples of both solu-

tions and powder form were kept in parallel in the 

dark (wrapped) for the same period. 

RESULTS AND DISCUSSION 

Development of optimum mobile phase 

HPLC procedure was optimized with a view to 

developing a stability-indicating assay method. Ini-

tially, methanol:buffer (50:50 v/v) gave good reso-

lution with RT value of 1.9 and 4.2 min for parace-

tamol and lornoxicam, respectively, but the typical 

peak nature was missing. Finally, the mobile phase 

consisting of methanol:buffer (55:45 v/v) gave a sharp 

and well-defined peak at RT value of 2.4 and 9.0 min 

for paracetamol and lornoxicam respectively (Figure 3). 

Validation of the method 

Linearity 

To achieve linearity and range, stock solutions 

containing 0.5 mg/mL paracetamol and 0.08 mg/mL 

lornoxicam were diluted to yield solutions in the 

concentration ranges of 249.09–747.29 μg/mL and 

4.012–12.037 μg/mL for paracetamol and lornoxicam, 

respectively. The regression equation for Parcetamol 

and lornoxicam was found to be y = 6.6867x + 19.014 

with correlation coefficient R
2
 = 0.999 and y = 28.52 + 

1.711 with correlation coefficient R
2
 = 0.999. The 

results related to linearity are presented in Table 1. 

Table 1 

Precision 

The RSD value was found to be in the range of 

1.5–0.8% for paracetamol and lornoxicam, respecti-

vely, for intraday (method) precision studies, whereas 

the RSD values ranged 0.5–0.3% for paracetamol and 

lornoxicam, respectively, for inter-day (intermediate) 

precision studies. All data indicate that the method is 

highly precise for the determination of paracetamol 

and lornoxicam (Table 1). 

LOD and LOQ 

For the LOD solution, the mean response of the 

6 injections minus 3.3 times the standard deviation 

was greater than zero. For the LOQ solution, the 

 
Figure 3. Chromatogram of standard of paracetamol and lornoxicam. 
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mean response of the 6 injections minus 10 times the 

standard deviation was also found to be greater than 

zero [20]. Thus, the signal-to-noise levels meet the 

ICH requirements for LOD and LOQ limits (Table 2). 

System suitability tests 

The system suitability tests parameters like the 

capacity factor, retention time for separation of each 

product and the number of theoretical plates for each 

compound is presented in Table 3 and was within the 

desired limits. The calculated value for the tailing 

factor for each compound (acceptable range of 0.8 ≤ 

T ≤ 1.5) [21, 22] is also shown in Table 3. 

Recovery studies 

The proposed method when used for subse-

quent estimation of paracetamol and lornoxicam from 

pharmaceutical dosage forms after spiking with 50, 

100 and 150% of additional drug afforded recovery of 

99–102% for paracetamol and 98–101% for lornoxi-

cam as listed in Tables 4 and 5. The data of summary 

of validation parameters are also listed in Tables 4 

and 5. All data indicated that the method is highly 

accurate for the determination of paracetamol and 

lornoxicam and its degraded samples without any 

interference. 

Specificity 

The specificity of the HPLC method is illustrated 

in Table 6 where complete separation of paracetamol 

and lornoxicam from its placebo, diluent (mobile 

phase) and blank can be noticed. In addition, it was 

also determined that the paracetamol and lornoxicam 

peak was spectrally pure and no degradation product 

peak was detected as co-elute with paracetamol and 

lornoxicam. Studies performed showed the 3-point 

peak purity value of 0.9979 for lornoxicam and value 

of 0.9997 for paracetamol. As the 3-point peak purity 

value was significantly more than 0.9950, the method 

was concluded to be specific for the analysis of 

paracetamol and lornoxicam in pharmaceutical formu-

lations.  

Robustness of the method 

The standard deviation of peak areas was cal-

culated for each parameter and RSD was found to be 

less than 2%. The low values of RSD shown in Table 

7 indicate the robustness of the method. 

Table 1. Comparisons of results of method precision and intermediate precision 

Analyst Analyst-1 Analyst-2 

Analysis date 13/11/09 14/11/09 

System ADL\HPLC\067 PDA\HPLC\068 

Parameter 
Paracetamol Lornoxicam 

Repeatability Intermediate precision Repeatability Intermediate precision 

Assay mean, % 100.7 100.7 101.7 102.3 

RSD / % 0.8 0.3 1.5 0.5 

Difference of two means, % 0.01 0.6 

   

Table 1. Results of linearity, LOD and LOQ studies 

Parameter Paracetamol  Lornoxicam 

Linearity range, g/ml 249.09–747.29  4.012–12.037 

Linearity equation y = 6.68673x + 19.01441 y = 28.52835x +0.17118 

Correlation coefficient 0.9999 0.9999 

LOD / g ml
–1

 2.768 0.193 

LOQ / g ml
–1 9.137 0.638 

Table 3. System suitability and system precision 

Ser. No. Parameter (n = 5) 
Specimen 

Paracetamol Lornoxicam 

1 Retention time, min 2.2±0.5 9.4±0.5 

2 Theoretical plates 4870 7676 

3 Asymmetry 1.1 1.2 

4 Capacity factor 0.25 4.35 

5 RSD / % 0.1 0.2 
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Table 4. Recovery data of paracetamol 

Level, % Set Area Added, mg Recovered, mg Recovery, % Mean recovery, % RSD / % 

50 1 1724.105 500.10 503.90 101.2 101.2 0.1 

2 1727.692 500.25 504.94 101.3 

3 1724.401 500.15 503.98 101.2 

100 1 3416.896 999.40 998.64 100.3 100.8 0.4 

2 3443.328 1000.6 1006.36 101.0 

3 3443.349 1000.2 1006.37 101.0 

150 1 5055.709 1499.2 1477.61 99.0 99.2 0.3 

2 5085.927 1500.1 1486.44 99.5 

3 5073.004 1500.0 1482.66 99.2 

Table 5. Recovery data of lornoxicam 

Level, % Set Area Added, mg Recovered, mg Recovery, % Mean recovery, % RSD / % 

50 1 1 119.239 8.50 8.45 99.7 0.4 

2 2 119.577 8.40 8.47 

3 3 118.782 8.40 8.41 

100 1 1 225.957 16.0 16.00 100.2 0.2 

2 2 228.305 16.1 16.17 

3 3 228.912 16.2 16.21 

150 1 1 345.056 24.8 24.44 98.9 1.1 

2 2 349.266 24.7 24.74 

3 3 344.775 24.9 24.42 

Table 6. Results of peak purity in specificity study of paracetamol and lornoxicam 

Sample Assay, % 3 point purity 

Paracetamol Lornoxicam Paracetamol  Lornoxicam 

Standard solution 100.9 101.8 0.9997 0.9979 

Test solution 100.7 101.7 0.9999 0.9991 

Spiked sample  100.8 101.5 0.9993 0.9992 

Table 7. Results of robustness study (RSD / %, n = 5) 

Compound 
Condition 

Normal Changed 

 Temperature, C 

 Normal -5 5 

Paracetamol 0.08 0.36 0.06 

Lornoxicam 0.61 0.40 0.09 

pH 

 Normal -0.2 vs vs. normal +0.2 vs. normal 

Paracetamol 0.08 0.03 0.06 

Lornoxicam 0.61 0.18 0.99 

Flow rate 

 Normal -10% vs. normal +10% vs. normal 

Paracetamol 0.08 0.10 0.09 

Lornoxicam 0.61 0.55 1.72 

Mobile phase ratio 

 Normal -2% vs. normal +2% vs. normal 

Paracetamol 0.08 0.02 0.16 

Lornoxicam 0.61 0.38 0.08 
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Stability of analytical solution 

The solution stability was checked for the 

sample preparation and standard preparation for 25 

h. The results obtained were well within the accep-

tance criteria. Therefore, the standard preparation 

and sample preparation were stable in solution form 

for 25 h at room temperature. It was found that the 

change in area was negligible, which shows that the 

drug solution of standard and sample remained stable. 

Analysis of prepared formulation 

The peaks of RT at 9.0 and 2.4 min were 

observed in chromatogram of the paracetamol and 

lornoxicam samples extracted from tablets. There 

was no interference from the excipients commonly 

present in the tablets. The paracetamol and lorno-

xicam content was found to be 100.7% with a RSD of 

0.8 and 101.7% with a RSD of 1.5. It may therefore 

be inferred that degradation of paracetamol and lor-

noxicam had not occurred in the formulation that was 

analysed by this method. The low RSD value indi-

cated the suitability of this method for routine analysis 

of paracetamol and lornoxicam in pharmaceutical 

dosage forms. 

Identification of degradation products of lornoxicam 

The lornoxicam was found to be susceptible to 

alkaline hydrolytic and oxidative stress (in solution 

form), but it was stable to the acid hydrolytic, photo-

lytic stress (in both solid and solution form) and the 

thermal stress (in solid form). Table 8 shows the sum-

mary of results from forced degradation studies of 

lornoxicam and the percentage of lornoxicam remained 

the same after undergoing stress. The chemical struc-

ture of lornoxicam was studied and shown that there 

were sites leading to the formation of degraded pro-

ducts as shown in Figure 4. The chromatogram of 

samples degraded with hydrogen peroxide and alka-

line hydrolysis showed a well-separated peak of pure 

lornoxicam as well as some additional peaks at diffe-

rent RT values. The peaks of degraded product were 

well resolved from the drug peak as shown in Figures 

5 and 6. 

The MS/ESI using selected ion monitoring in the 

positive ion mode provided a highly selective method 

for the determination and characterization of lornoxi-

cam and its degradation products, respectively. At the 

optimum conditions described in the experimental 

section, the ESI of lornoxicam were identified at 

mass-to-charge ratio (m/z) 371.81, corresponding to 

Table 8. Different stress conditions for lornoxicam (1 mg/ml) with the percentage remained after forced degradation studies 

Stress Strength Conditions exposed Amount remaining, % 

Acidic 0.01 M HCl 

 

 

2 M HCl 

 

5 M HCl 

25 °C, 2 h 

40 °C, 8 h 

25 °C, 2 h 

40 °C, 8 h 

25 °C, 2 h 

80 °C, 4 h 

100% 

100% 

99.52% 

99.24% 

97.10% 

96.45% 

Alkaline 0.01 M HCl 

 

5 M HCl 

 

25 °C, 2 h 

40 °C, 8 h 

25 °C, 2 h 

80 °C, 4 h 

100% 

100% 

93.25% 

83.88% 

Neutral Water 25 °C, 2 h 

40 °C, 8 h 

80 °C, 4 h 

100% 

100% 

100% 

Thermal 0.5 M HCl 

Drug powder 

70 °C, 15 days 

70 °C, 15 days 

100% 

100% 

Oxidative 3% H2O2 

 

 

10% H2O2 

 

30% H2O2 

25 °C, 2 h 

40 °C, 8 h 

25 °C, 2 h 

40 °C, 8 h 

25 °C, 2 h 

80 °C, 4 h 

79.35% 

75.62% 

66.35% 

59.10% 

55.70% 

46.13% 

Light (wrapped and 

unwrapped samples) 

0.1 M HCl  

Water:methanol 

0.1 M NaOH 

Drug powder 

Cool white 

Fluorescent and UV 

Light, 15 days 

 

100% 

100% 

100% 

100% 
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Figure 4. The chemical structures of lornoxicam and its degraded products with suggested postulated mechanism for alkaline hydrolytic 

and peroxide degradation of lornoxicam. 

 
Figure 5. HPLC Chromatogram showing the alkaline degradation of lornoxicam (5 M HCl 80 C, 4 h). 

the [M+H]
+
 peak, was the main ion species. Addi-

tionally, ion species such as m/z 292.7 (with the loss 

of C5H5N from M+H]
+
 ion), i.e., LOX1, m/z 209.8 (with 

the loss of C8H4N2O from [M+H]+ ion), i.e., LOX2 were 

present in respective degraded samples of lornoxi-

cam. Figures 7 and 8 show the peroxide degraded 

product NMR and ion mass spectra. Figure 9 shows 

the IR spectra of peroxide degraded product ion. 

 

Acidic conditions 

The drug was found to be stable to the acidic 

hydrolysis without any reduction in the drug peak 

area. No degradation of the drug was observed in 

0.01 N HCl on heating initially at 25 C for 30 min and 

then for 2 h, in 2 M HCl at 80 C for 2 and 4 h and in 5 

M HCl at 80 C for 2 h and then for 4 h. Very little 

degradation was observed on exposing to 5 M HCl for 

4 h (Table 8). 
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Figure 6. HPLC Chromatogram showing the peroxide degradation of lornoxicam (4 h at 80 C in 30% H2O2). 

 

Figure 7. The NMR spectra of lornoxicam degredation product after peroxide degradation. 

Alkaline conditions 

The drug was found to be alkali labile. The 

amount of drug remaining after heating for 2 h at 25 

C in 5 M NaOH was 93.25%. In order to study the 

effect of stress condition heating for 4 h at 80 C in 5 

M NaOH was carried out with 17.10% of drug degra-

dation. The HPLC analysis indicated the presence of 

a degraded product peak with the reduction in the 

area of the drug peak (Figure 7). The peak at RT 

2.617 min was found to be of major degradation pro-
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duct after heating for 2 h as well as for 4 h in 5 M 

NaOH. The shorter retention time of degraded pro-

duct indicates different polarity or lower molecular 

mass as compare to lornoxicam. For milder condi-

tions the drug showed no degradation. 

Oxidative conditions 

The drug was found to be labile to oxidative 

stress condition. The amount of drug remaining after 

heating at 40 C for 8 h in 10% H2O2 was 59.10%. In 

order to study the effect of stress conditions, heating 

 

Figure 8. The mass spectra of lornoxicam degradation product after peroxide degradation. 
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at 80 C for 4 h in 30% H2O2 was carried out with 

53.97% of drug degradation. The HPLC analysis indi-

cated the presence of a degraded product peak with 

the reduction in the area of the drug peak (Figure 8). 

The peaks at RT 2.617 and 3.642 min were found to 

be of major degradation products after heating for 4 h 

at 80 C in 30% H2O2. The shorter retention time of 

degraded products indicate different polarity or lower 

molecular mass as compare to lornoxicam. For milder 

conditions the drug showed no degradation. 

When lornoxicam was heated with 30% H2O2 for 

4 h, degradation products of lornoxicam could be iso-

lated and identified from the reaction mixture. The 

assignments of the dried precipitates of the degra-

dation products as LOX1 and LOX2 (Figure 6) were 

based on the comparison of the IR, NMR and mass 

spectral (m/z 292.7 and 209.8) data of intact lornoxi-

cam with those of the purified degraded sample, 

separated from the degradation reaction. 

The IR spectrum (KBr) of lornoxicam was 

characterized by the absorption frequency of C=O 

carbonyl band at 1655 cm
-1

. On the other hand, the IR 

spectrum (KBr) of LOX1 and LOX2 showed the 

characteristic carbonyl band (Figure 9). 

The NMR spectrum of LOX1 in DMSO-2d6 was 

characterized by the appearance of the protons of 

methyl groups at  1.312 ppm (singlet, 3H, CH3), 

protons of aromatic NH at  5.1 ppm (doublet, 2H, 

NH). Alcohol protons and protons of -CH2 group were 

at  3.175 and 2.375 ppm (triplet, 1H, OH and singlet, 

1H, CH). The NMR data is shown in Table 9. 

The NMR spectrum of LOX2 in DMSO-2d6 was 

characterized by the appearance of the protons of 

methylene groups at  1.312 ppm (triplet, 2H, CH2), 

protons of aromatic NH at  5.1 ppm (triplet, 1H, NH). 

The protons of -CH2 group were at  2.375 ppm (sing-

let, 1H, CH). 
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Figure 9. The IR spectra of lornoxicam degredation product after peroxide degradation. 

Table 9. 1H-NMR assignment for lornoxicam and LOX1 impurity 

Position Lornoxicam, 
1
H (ppm)/

1
H/multiplicity Lornoxicam impurity (LOX1), 

1
H (ppm)/

1
H/multiplicity 

3 2.37/1H/s 2.37/1H/s 

13 2.47/3H/s 1.312/3H/s 

17 4.25/1H/d 5.1/2H/d 

15 3.125/1H/t 3.176/1H/t 

23 6.70/1H/d - 

22 7.44/1H/t - 

20 8.11/1H/d - 

21 6.60/1H/t - 
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Furthermore, the MS spectra of lornoxicam, the 

most abundant fragmentation ions of lornoxicam at 

m/z 371.81 ([M+H]
+
), was selected for quantification; 

m/z 292.7 and 209.8 were the most abundant ion with 

a sufficient reduction in intensity of m/z 371.81 

[M+H]
+
, showing the formation of a degraded product. 

Fragment ions species such as m/z 103.1 (corres-

ponding to [C3H6-S=C=O+H]
+
 from [M+H]

+
) occurred 

in minute amount. The oxidative stress would nor-

mally be the favored process leads to the formation of 

LOX1 and LOX2 (Figure 6). The fragmentation pattern 

of the degradation product is shown in Table 10. 

After thorough comparison and interpretation of 

the LC-UV, IR, NMR and mass spectra of both the 

lornoxicam and of LOX1 and LOX2, we can conclude 

that the degradation product LOX1 eluted at about 

2.617 min and LOX2 eluted at about 3.642 min and 

gave the molecular ion peak at m/z ratio 292.7 and 

209.8, while the molecular ion peak of lornoxicam 

was at m/z ratio 371.81 and elutes at 8.192 min. 

Neutral conditions 

The drug was found to be stable to the neutral 

water hydrolysis without any reduction in the drug 

peak area. No degradation of the drug was observed 

on heating initially at 25 C for 30 min and then for 2 

h, then at 80 C for 4 h with water. 

Thermal degradation studies 

Lornoxicam was stable in both solution and solid 

state under thermal stress conditions. No degradation 

of the drug was observed when solution of the drug 

was kept at 70 °C for 15 days. 

Photodegradation studies 

Lornoxicam was found to be stable in all solution 

forms as well as in solid state to light, both in wrapped 

and unwrapped samples after exposure equivalent to 

ICH dose of light. 

 

 

CONCLUSION 

The developed HPLC technique is precise, spe-

cific, accurate and stability indicating. The developed 

method was validated based on ICH guidelines [18]. 

Statistical analysis proves that the method is repeat-

able and selective for the analysis of paracetamol and 

lornoxicam as bulk drug and in pharmaceutical formu-

lations.  

The method can be used to determine the purity 

of the drug available from the various sources by 

detecting the related impurities. It may be extended to 

study the degradation kinetics of lornoxicam and for 

its estimation in plasma and other biological fluids. As 

the method separates the drug from its degradation 

products, it can be employed as a stability indicating 

one. 
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NAUČNI RAD 

  RP-HPLC METODA ZA ODREĐIVANJE SMEŠE 
PARACETAMOLA I LORNOKSIKAMA I 
KARAKTERIZACIJA OKSIDATIVNIH 
DEGRADACIONIH PRODUKATA LORNOKSIKAMA 

U radu je razvijena jednostavna, specifična, tačna i precizna RP-HPLC metoda za simul-

tano određivanje paracetamola i lornoksikama u tabletama i karakterizaciju degradacionih 

produkta lornoksikama na C18 koloni (Inertsil ODS 3V C-18, 250 4,6 mm, 5 μ). Uzorak je 

analiziran mobilnom fazom koja se sastoji od smeše puffer (0,02504 M):metanol (45:55). 

Protok mobilne faze je bio 1,5 ml/min, a komponente su detektovane na 290 nm. Reten-

ciono vreme paracetamola je 2,45 min, a lornoksikama 9,40 min. Metoda ce može koristiti 

za određivanje kombinacije ovih lekova u tabletama. Metoda je validirana u skladu sa ICH 

uputsvima. Određena je lineranost razvijene metode, i to za paracetamol u opsegu od 

249,09–47,29 μg/mL (r2 = 0,9999), a za Lornoksikam u opsegu od 4,01–12,04 μg/mL (r2 = 

= 0.9999). Recovery vrednosti za tablete su bile u opsegu od 98 do 102%. Metoda je vali-

dirana za lineranost, tačnost, preciznost, robustnost i ubrzanu degradaciju. Praćenjem ubr-

zane degradacije lornoksikama nađeno je da je on labilan na alkalni hidrolitički stres (u ras-

tvornom obliku), ali je stabilan na kiseli hidrolitički, fotolitički i termalni stres (u čvrstoj i teč-

noj formi). Nagrađeni degradacioni proizvodi su ispitivani elektrosprej jonizacionom mase-

nom spektrometrijom, NMR i IR spektroskopijom. Na osnovu dobijenih rezultata predloženi 

su načini degradacije ispitivanih lekova. Nađeno je da je ispitivana metoda osteljiva za 

određivanje lornoksikama sa limitom detekcije od 0,193 μg/ml i limitom kvantifikacije od 

0,638 μg/ml i za određivanje paracetamola sa limitom detekcije od 2,768 μg/ml i limitom 

kvantifikacije od 9,137 μg/ml. Na osnovu svega ovoga može se zaključiti da se predložena 

metoda može koristiti za rutinsku analizu ispitivanih lekova u kombinovanim farmaceut-

skim oblicima. 

Ključne reči: RP-HPLC, lornoksikam, validacija, stabilnost, ubrzana degradacija, 

tablete. 

 
 


