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Abstract :
A rapid, sensitive, and precise indirect spectrophotometric method has been devel-

oped to determine Piroxicam. This method involves the oxidation of the Piroxicam us-
ing excess N-bromosuccinimide (NBS), and then the unreacted NBS reacts with acid 
fuchsine dye to produce a pink-colored product. The absorbance of this product is mea-
sured spectrophotometrically at 544 nm. Under optimized experimental conditions, the 
method followed Beer’s law within a Piroxicam concentration range of 2.5–20 μg/mL. 
The detection limit was 0.421 µg/mL, and the quantification limit was 1.277 µg/mL. The 
method demonstrated high sensitivity, with a sandal index of 0.0232 μg/cm² and a molar 
absorptivity of 1.4248 × 10⁴ L/mol.cm. The relative standard deviation (RSD) was less 
than 1.5%. It has been successfully applied to determine Tablet Piroxicam content and 
can be extended to other formulations containing the drug. This method is highly suitable 
for quality control and routine analysis.
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التقدير الطيفي الغير المباشر للبيروكسيكام 
باستخدام صبغة الفوكسين الحامضية

ياســمين مطشــر خضر       ،        أ.د.محســن حمزه بكر
قســم الكيميــاء، كليــة التربيــة للبنــات، جامعة تكريــت، تكريت، العراق

مستخلص:

ــر البيروكســيكام. تتضمــن هــذه  ــة لتقدي ــاشرة سريعــة وحساســة ودقيق ــة غــر مب ــة طيفي ــوّرت طريق طُ
الطريقــة أكســدة البيروكســيكام   باســتخدام زيــادة مــن ن-بروموكســينيميد، ثــم مفاعلــة الفائــض منــه مــع 
ــر.  ــي 544 نانوم ــول الموج ــد الط ــة عن ــة الوردي ــن الصبغ ــى م ــاس المتبق ــة وقي ــن الحامضي ــة الفوكس صبغ
اتبعــت الطريقــة قانــون بــر ضمــن مــدى تراكيــز يــراوح مــن 2.5 - 20 ميكروغرام/مــل. كان حد الكشــف 
ــة،  ــية عالي ــة حساس ــرت الطريق ــل. أظه ــي 1.277 ميكروغرام/م ــد الكم ــل، والح 0.421 ميكروغرام/م
ــة 1.4248 × ⁴10  ــة مولاري ــة ســاندل 0.0232 ميكروغرام/ســم²، وبلغــت الامتصاصي حيــث بلــغ دلال
لتر/مول.ســم. كان الانحــراف المعيــاري النســبي )RSD %( أقــل مــن %1.5. وقــد طُبقــت بنجــاح لتقديــر 
محتــوى أقــراص بيروكســيكام، ويمكــن توســيع نطاقهــا لتشــمل تركيبــات أخــرى تحتــوي عــى الــدواء. تُعــد 

هــذه الطريقــة مناســبة للغايــة لمراقبــة الجــودة والتحليــل الروتينــي.
الكلمات المفتاحية: بيروكسيكام، صبغة الفوكسين الحامضية، ن-بروموسكسينيميد.
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Introduction
Piroxicam, an oxicam-class NSAID 

(1,2), is structurally depicted in Figure 
1. It is prescribed for musculoskeletal 
and joint disorders, including osteoar-
thritis, rheumatoid arthritis, juvenile 
idiopathic arthritis, acute gout, and 
postoperative pain (3–5). Studies indi-
cate that combining 40 mg oral piroxi-
cam with levonorgestrel enhances its 
efficacy as emergency contraception 
(6). Emerging research also explores 
its potential in treating tumors, col-
orectal cancer, and invasive bladder 
cancer (7). The drug exerts its anti-in-
flammatory and analgesic Impacts by 
inhibiting cyclooxygenase (COX-1 
and COX-2), thereby reducing prosta-
glandin synthesis (8,9). However, due 
to safety concerns, its systemic use in 
Europe is restricted to chronic inflam-
matory and painful conditions (10). 
Contraindications include active pep-
tic ulcers, gastrointestinal bleeding, in-
flammatory bowel disease, and severe 
heart failure (11). The standard oral 
dose for rheumatic diseases is 20 mg/
day, often split into two administra-
tions. Rectal, intramuscular, and top-

ical (0.5% gel) formulations are also 
available for short-term or localized 
treatment (12). The growing demand 
for NSAIDs underscores the impor-
tance of robust pharmaceutical analy-
sis to ensure drug quality, safety, and ef-
ficacy (13–15). Analytical techniques 
such as HPLC (16–21), capillary elec-
trophoresis (22–24), TLC (25–27), and 
electrochemical methods (28–34) are 
commonly used for piroxicam quan-
tification. Spectrophotometric assays 
(35–40) offer a simpler alternative for 
pharmaceutical analysis. This study in-
troduces a rapid, sensitive spectropho-
tometric method to quantify piroxicam 
in pure and pharmaceutical formula-
tions, leveraging stable chromogenic 
reactions for reliable results.

Figure 1: 
Chemical structures of piroxicam

The aim of the study:
Given piroxicam’s significant ther-

apeutic role in treating pain and in-
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flammation, it is essential to devel-
op reliable analytical methods for its 
quantification. The proposed approach 
offers a simple, highly sensitive solu-
tion for determining piroxicam con-
centrations in pure form and pharma-
ceutical formulations. Its accuracy and 
ease of use make it a practical tool for 
quality control in drug manufacturing 
and research.

Apparatus                          
Absorbance measurements were 

conducted using a Shimadzu UV-Visi-
ble 1800 digital double-beam recording 
spectrophotometer, employing quartz 
cells. A KERN-ACS 120-4 sensitive 
balance (Sartorius BL210S Compa-
ny, L.C. = 0.0001g) was utilized for 
weighing purposes.

Reagents
Analytical reagent grade was used 

for all of the chemicals. The raw mate-
rials PIX were obtained from the India 
Company, which were 99.9%. We ob-
tained sodium hydroxide from Sober 
Life in Suleimana, Iraq, and the analyt-
ical-reagent quality Acid Fuchsin and 
HCl (36% w/w) were obtained from 
Fluka. The buffer solution was pre-
pared from NaOH, KCl at 25 °C, con-

taining 25 mL 0.2 M KCL (14.91g/l) 
and 66 mL 0.2M NaOH, diluted to 100 
mL in a volumetric flask [41].

Preparation of Standard and Re-
agent Solutions	

1. Piroxicam Standard Solution 
(1000 μg/mL)

Method: Dissolved 0.1000 g of 
piroxicam in 10 mL of pH 13 buffer 
solution.*

2. Fuchsine Acid Solution (1.7×10⁻⁴ 
M)

Method: Prepared by dissolving 
0.01 g of fuchsine acid in distilled wa-
ter.*

3. N-Bromosuccinimide Solution 
(1×10⁻³ M)

Method: Dissolved 0.0177 g of 
N-bromosuccinimide in distilled wa-
ter.*

4. Hydrochloric Acid Solution 
(~0.1 M)

Method: Diluted 0.84 mL of con-
centrated HCl (11.98 M) with distilled 
water.*

*Dilution: Final volume made up to 
100 mL in a volumetric flask.
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Piroxicam 20mg Tablet PIROX-
EN 

To prepare a 100 μg/mL piroxicam 
solution, six Tablets (total weight: 
3.0299 g) were crushed and homog-
enized, and a 0.1000 g aliquot of the 
powder (equivalent to 2.5249 g pure 
piroxicam) was dissolved in 10 mL of 
buffer solution, followed by filtration 
and washing. The filtrate was trans-
ferred to a 100 mL volumetric flask 
and diluted to the mark with distilled 
water. A 10 mL aliquot of this solution 
was further diluted in another 100 mL 
volumetric flask to achieve the final 
100 μg/mL concentration, ensuring ac-
curate and precise preparation for sub-
sequent analysis. This method ensures 
proper extraction and dilution while 
maintaining the sample’s integrity.

Principle of Method
The method entails the oxidation of 

piroxicam in an acidic medium utiliz-
ing an excess oxidizing agent. The un-
reacted oxidizing agent is quantified by 
reacting with acid fuchsine dye. The in-
tensity of the resulting pink color from 
the remaining dye is then measured 
spectrophotometrically at 544 nm. This 
approach allows for the indirect deter-

mination of piroxicam concentration 
based on the residual oxidizing agent.

Results and Discussion 
Selection of the best amount of 

dye
A systematic study was conducted 

using a 100 μg/mL dye solution. Differ-
ent volumes of the dye (ranging from 
0.5 to 4 mL) were diluted to 20 mL in 
a volumetric flask, and the absorbance 
was measured at 544 nm. The results 
(Table 1 and Figure 2) revealed that 3.5 
mL of dye gave this wavelength a suit-
able absorbance value. Consequently, 
this volume was selected for all further 
experiments to ensure accuracy and re-
producibility.
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 Selection of the best oxidizing 
agent 

3.5 mL, 100µg/mL of acid fuchsine 
dye was taken, then 3.5 mL, 5×10-4 M 
of different types of oxidizing agents 
were added, and the solutions were left 
for 15 minutes to ensure the comple-
tion of the oxidation. After that, they 

were diluted to the mark with distilled 
water in a 20 mL volumetric flask. 
The solutions were measured at 544 
nm. The rustles are shown in Table 2. 
N-bromosuccinimide was adopted in 
all subsequent experiments.  

Figure (2) Absorbance spectrum of Acid Fuchsine dye

Table 1: Result of dye absorption 
V(mL) of Acid Fuchsine dye Absorbance

0.5 0.191
1 0.309

1.5 0.457
2 0.575

2.5 0.757
3 0.986

3.5 1.222
4 1.376
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Impact of the oxidizing agent 
amount 

The optimal amount of oxidizing 
agent was determined by evaluating 
different concentrations and volumes, 
with the most impactful volume iden-
tified as the one yielding the lowest ab-
sorbance, corresponding to the great-
est reduction in dye color intensity. As 

shown in Table 3, 2 mL of 1×10⁻³ M 
was the most efficient, as it produced 
the minimal absorbance, and was 
therefore selected for all subsequent 
experimental procedures. This opti-
mization ensures maximum oxidative 
degradation efficiency while minimiz-
ing reagent consumption.

Table 2: Selection of the best oxidizing agent

Type of oxidizing agent Chemical structure Molecular weight Absorbance

 Without an oxidizing agent 1.222
 N-Bromosuccinimide C4H4BrNO2 177.98 0.111

 Sodium periodate NaIO4 213.89 0.478
 Sodium Iodate NaIO3 197.892 0.493

 N-Chlorosuccinimide C4H4ClNO2 133.35 0.182

Table 3: Impact of oxidizing agent amount 

 V(mL) of Oxidizing
agent

 Absorbance
M 10-4×5 M 10-3×1

0 1.222 1.222
0.1 1.000 0.370
0.3 0.843 0.340
0.5 0.722 0.325
1 0.588 0.288

1.5 0.493 0.213
2 0.474 0.068

2.5 0.374 0.045
3 0.217 0.043

3.5 0.069 0.042
4 0.035 0.042
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Impact of acid quantity
The Impact of different concentra-

tions of hydrochloric acid on the re-
action was studied, where different 
volumes of acid at concentration 0.1N 
were added to 3.5 mL of acid fuchsine 
dye with a concentration of 1.7 × 10⁻⁴ 
M. Then, 2 mL of oxidizing agent with 

a concentration of 1×10⁻³ M was add-
ed, and the solutions were left for 20 
min. Then the absorbance of each solu-
tion was measured at 544 nm. The re-
sults are shown in Table 4, and a vol-
ume of 1 mL of acid was adopted as the 
optimum volume.

Table 4: Impact of the Acid Quantity 

Hydrochloric Acid  V(mL) of Absorbance
0.5 0.127
1 0.150

1.5 0.159
2 0.160

2.5 0.162
3 0.163

Study of the time required to com-
plete drug oxidation. 

To establish the time required for 
complete oxidation of the drug, 2 mL 
of a 1×10⁻³ M oxidizing agent was add-
ed to 2 mL of the drug solution (100 
μg/mL) in an acidic medium contain-
ing 1 mL of 0.1 M hydrochloric acid. 
The reaction mixtures were allowed to 
stand for varying time intervals before 
adding 3.5 mL of acid fuchsine dye 
(1.7×10⁻⁴ M). After each interval, the 

solutions were left for 20 minutes, di-
luted to the final volume with distilled 
water, and their absorbance was mea-
sured at 544 nm. The results (present-
ed in Table 5) indicated that 5 min-
utes was the optimal oxidation time, 
ensuring complete drug reaction before 
dye addition. This duration was subse-
quently used in all further experiments.
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Study of the stability of the result-
ing product  

The stability of the product formed 
was studied for three different concen-
trations of piroxicam (5, 10, 15µg/mL), 

where the absorbance was measured at 
544 nm. Table 6 below shows that the 
colored product is stable for over an 
hour. 

Table 5: Impact of the time required to complete the oxidation of the drug

Time(min) Absorbance
0 0.401
5 0.423
10 0.422
15 0.427
20 0.421

Table 6: Results of the stability of the product
 µg/mL of

  drug 0 5 10 15 20 30 40 50 60 70 80 90

5 0.266 0.251 0.247 0.236 0.238 0.240 0.243 0.239 0.241 0.238 0.240 0.240

10 0.491 0.463 0.444 0.417 0.422 0.425 0.426 0.422 0.423 0.421 0.422 0.423

15 0.682 0.651 0.641 0.634 0.638 0.637 0.644 0.641 0.642 0.636 0.640 0.641

Calibration Curve 
A series of 20 mL volumetric flasks 

was prepared with incremental addi-
tions (0.5-5.5 mL) of the 100 µg/mL 
drug solution. To each flask, 2 mL of 
1×10⁻³ M oxidizing agent and 1 mL 
of 0.1 M HCl were added. Following 
a 5-minute oxidation period, 3.5 mL 
of acid fuchsine dye (1.7×10⁻⁴ M) was 

introduced. After thorough mixing, the 
reaction mixtures stood at room tem-
perature for 20 minutes before final di-
lution to the 20 mL mark with distilled 
water. The resulting solutions were an-
alyzed spectrophotometrically at 544 
nm, with the calibration data presented 
in Figures 3 and 4. The method demon-
strated linearity over the concentration 
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range of 2.5-20 µg/mL, as evidenced 
by a correlation coefficient of 0.9967. 
The molar absorptivity was determined 
to be 1.4248 × 10³ L/mol·cm, with a 

Sandell’s sensitivity of 0.0235 µg/cm², 
confirming the method’s suitability for 
quantitative analysis.

 Figure 3. Calibration curve of Piroxicam

FIGURE 4. The absorption spectrum of concentrations 2.5– 20µg/mL of PIX
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The proposed chemical equation for the reaction [42,43]
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FIGURE 5. The proposed chemical equation for the reaction

FINAL ABSORPTION SPEC-
TRUM 

The experimentally determined op-

timal parameters for the spectrophoto-
metric determination of piroxicam are 
systematically presented in  the Table 7.

 Table 7: Summary of optimal conditions for the determination of piroxicam

Experimental conditions
𝜆max nm 544

Amount of 5×10-3M oxidizing agent ml 2
Amount of 1.7 ×10-4 mol.L-1 of dye ml 3.5

  Amount of 0.1 M hydrochloric acid ml 1
 Oxidizing time min 20

Solvent Water
 Temperature C° 25
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AACCURACY AND PRECI-
SION

The optimized analytical conditions 
were subsequently employed to vali-
date the method’s performance charac-
teristics. Through rigorous testing, the 
procedure demonstrated excellent ana-
lytical reliability, as evidenced by:

1. High percentage recovery rates 

(98.2-101.8%)
2. Minimal relative standard devia-

tion (RSD < 1.5%)
These validation parameters, de-

tailed in Table 8, confirm the method’s 
compliance with International Council 
for Harmonisation (ICH) guidelines.

FIGURE 6. Ultimate absorption spectrum of the colored product
A: Displays the absorption spectrum of a piroxicam solution measured using 
distilled water as the reference.
B: Shows the absorption spectrum of the same piroxicam solution, but measured 
against the blank solution.
C: Indicates the absorption spectrum of the blank solution when referenced 
against distilled water.

A

R

C
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Limit of Detection (LOD) and 
Limit of Quantification (LOQ)

The Limit of Detection (LOD) and 
Limit of Quantification (LOQ) were 
determined using established mathe-
matical formulas, with 

LOD = 3.3 × δ/S and LOQ = 10 × 
δ/S, where S represents the slope of 
the calibration curve (0.0431) and δ is 
the standard deviation of the intercept 

(0.0048) obtained from four replicate 
measurements of the regression equa-
tion (y = 0.0431x + 0.0048). These 
calculations ensure the lowest detect-
able and quantifiable analyte concen-
trations, providing critical validation 
parameters for the analytical method. 
The derived values in Table 9 confirm 
the method’s sensitivity and reliability 
in trace-level detection.

Table 8. Accuracy and precision of the method.

 Amount of
 Piroxicam

Taken µg/mL

 Amount of
 Piroxicam

Found µg/mL
% ,RE  ,Recovery

%
 Average

Recovery % ,RSD

7.5 7.2 3.7 96.2

98.3

1.28

15 15.0 -0.23 100.2 0.516

20 19.7 1.48 98.5 0.670

Table 9: Results of the study LOD and LOQ.

*Slope *δ LOD µg/mL LOQ µg/mL

0.0431 0.0048 0.421 1.277

*The average slope and intercept were determined by repeating the calibration curve 
four times.

APPLICATIONS
Direct Measurement Method
Different volumes (1.5, 3, 4 mL) of 

the 20 mg PIROXEN Tablet solution 
were taken as prepared “Piroxicam 
Tablet Formulation 20mg PIROXEN “ 

to obtain concentrations (7.5,15,20 µg/
mL) in a 20 mL volumetric flask. They 
were treated according to the optimal 
working method, then the absorbance 
(average of six readings) of each solu-
tion was measured against the sample 
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solution at wavelength 544and the re-
covery and relative standard deviation 

were calculated. The results are pre-
sented in Table 10.

Table 10. Result of the method: accuracy and precision.

Taken µg/mL Found µg/
mL %,RE  % ,Recovery Average 

Recovery, % % ,RSD

7.5 7.4 0.84        99.1 100.5 2.02

15 15.3 -2.35 102.3 0.38

20 20.02 -0.13 100.1 0.43

Standard Addition method
This study aimed to validate the 

specificity, precision, and accuracy of 
the proposed analytical method using 
a standard addition approach. The ex-
perimental design involved spiking 
fixed volumes (1–2 mL) of a pharma-
ceutical preparation (100 µg/mL) with 
increasing concentrations (0–2 µg/mL) 
of a standard piroxicam solution (100 
µg/mL) in 20 mL volumetric flasks. 
All samples were processed following 
the same protocol used for calibration 
curve construction, with absorbance 
measurements taken at 544 nm against 

a blank.
The results, detailed in Table 

11 and Figure 7, confirmed the meth-
od’s reliability, demonstrating:

 Specificity: No interference from 
excipients in the pharmaceutical ma-
trix

 Accuracy: High recovery rates 
(98–102%)

 Precision: Low variability (RSD < 
2%)

This validation aligns with ICH Q2 
(R1) guidelines, ensuring the method’s 
suitability for quality control applica-
tions.

Table 11.  Result of the method: standard addition.

 Type of Drug
 Piroxicam present

µg/mL

Piroxicam measured 
µg/mL

% ,Recovery

Tablet PIROX-
 EN 20 mg

2.5 2.6 103
5 4.77 95.5
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The data shown in Table 17 shows 
that the standard addition method 
agrees closely with the direct method 
and is within an acceptable error range. 

This consistency indicates that the 
standard addition method is reliable 
and free from interference.

CONCLUSION
A robust and accurate spectroscop-

ic method for piroxicam has been 
developed, given its importance in 
pharmaceutical analysis. This method 
features stability, high sensitivity, and 
the absence of organic solvents or sur-
factants to avoid extraction, thus im-
proving quality assurance and control. 
This method not only supports the in-
creasing analytical requirements of the 
pharmaceutical industry but also pro-
vides laboratories with a reliable tool 
to ensure drug safety and efficacy.
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