
International Journal of Pharmaceutical Analysis, ISSN:2051-2740, Vol.38, Issue.2  1146 
 

 

`© RECENT SCIENCE PUBLICATIONS ARCHIVES |December 2013|$25.00 | 27703045 | 

*This article is authorized for use only by Recent Science Journal Authors, Subscribers and Partnering Institutions* 

  Validated Derivative Spectrophotometric and 

Chromatographic Methods for the Determination 

of Doxazosin Mesylate in Presence of its 

Degradation Product and/or Related Impurity 
Sonia T Hassib 

Pharmaceutical Chemistry Department, Faculty of Pharmacy, Cairo University, Kasr El-Aini St., Cairo 11562, Egypt 
Email: dr_shassib@yahoo.com 

Awatef E Farag 
Pharmaceutical Chemistry Department, Faculty of Pharmacy, Cairo University, Kasr El-Aini St., Cairo 11562, Egypt 

Email: faragaw@hotmail.com 

Marianne A Mahrouse 
Pharmaceutical Chemistry Department, Faculty of Pharmacy, Cairo University, Kasr El-Aini St., Cairo 11562, Egypt 

Email: mariannealphonse@yahoo.com 

Eman A Mostafa 
Pharmaceutical Chemistry Department, Faculty of Pharmacy, Cairo University, Kasr El-Aini St., Cairo 11562, Egypt 

Email: dr.emanams@yahoo.com 

ABSTRACT 

Doxazosin mesylate (DOX) is useful in the management 

of hypertension and urinary retention associated with 

benign prostatic hyperplasia. DOX is prepared via a 

multistep synthesis, the possibility of by-product 

formation exists. Its potential impurities may also be 

formed due to spontaneous decomposition of the drug. 

Impurity may influence the efficacy and safety of the 

pharmaceutical products. Therefore, the aim of this 

investigation was the isolation and identification of the 

degradation product by spectroscopy and determination of 

DOX in presence of its potential impurities by specific 

methods. Four new validated spectrophotometric and 

chromatographic methods were developed for the 

determination of DOX in drug substance and drug product, 

in presence of its potential impurities. The first method, 

derivative difference spectrophotometry (Δ
1
D method), 

depends on derivatization of the pH-induced absorbance 

difference of the drug solution and measurement of the 

amplitude of the minimum at 289.6 nm (zero value of its 

related impurity: 6,7-dimethoxy-2,4(1H,3H)-

quinazolinedione, DQD). In the second method, first 

derivative ratio spectrophotometry (
1
DD method) was 

adopted in presence of up to 60 % DOX alkaline 

degradation product (Deg I). The intact drug was 

determined by measuring the peak amplitude at 292.2 nm 

over the concentration range 4-16 μg ml
-1

. The third 

method is based on TLC separation of doxazosin mesylate 

from its Deg I and DQD, using ethyl acetate: methanol: 

triethylamine (4: 0.4: 0.3, v/v/v) as developing system, 

followed by densitometric measurement of the spot at 345 

nm. The fourth method is an isocratic reversed phase 

HPLC which allows the determination of DOX in 

presence of its Deg I and DQD. Good resolution with a 

chromatographic run time less than 4 min was achieved 

using methanol: acetonitrile: water: triethylamine (50: 30: 

20: 0.2, v/v/v/v) as mobile phase and UV detection at 245  

 

 

nm. Forced degradation under alkaline conditions was 

carried out, one of the degradation products was isolated 

and its structure was confirmed. The methods were 

validated in accordance to ICH guidelines. Statistical 

analysis revealed no significant difference between the 

results obtained and the reported one. The newly 

developed methods were found to be highly efficient, 

specific and sensitive. 

Keywords-Doxazosin mesylate; derivative ratio; 

derivative difference; densitometry; HPLC. 

1. INTRODUCTION 

Doxazosin mesylate (DOX, Fig. 1a) is a quinazoline 

compound that selectively inhibits α1-adrenergic receptor 

in vascular smooth muscle. The primary effect of this 

inhibition is relaxation of vascular smooth muscle tone 

and decrease in blood pressure. Therefore, it is useful in 

the management of hypertension and urinary retention 

associated with benign prostatic hyperplasia ([1], [2]). 

Chemically, it is designated as (RS)-2-{4-[(2,3-dihydro-

1,4-benzodioxin-2-yl)carbonyl]piperazin-1-yl}-6,7-

dimethoxyquinazolin-4-amine methanesulfonate [3]. 

Literature survey reveals that DOX has been determined in 

dosage form and plasma by spectrophotometry ([4]-[9]), 

spectrofluorimetry [5], voltammetry [10], TLC ([9], [11]) 

and HPLC ([12]-[16]). In addition, B.P., U.S.P. and Eur. 

Ph. prescribe an HPLC method for the analysis of DOX, 

using gradient elution, UV detection at 210 nm and 

analysis time that exceeds 30 min ([17]-[19]).  

Impurity is defined as any substance coexisting with the 

original drug, such as starting material or intermediates 

from the biosynthetic route or that is formed due to 

spontaneous decomposition of the drug during the storage 

or on exposure to extreme conditions. Impurity can also be 

http://xe-mg42.mail.yahoo.com/yab-fe/mu/MainView?.src=neo&themeName=fresh&bn=54_9531&s=0&isFresh=1&bucketId=0&stab=1380888227661
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brought into the drug product through the formulation 

process. The presence of these unwanted chemicals, even 

in small amounts, may influence the efficacy and safety of 

the pharmaceutical products. Therefore, isolation and 

characterization of impurities is mandatory for acquiring 

and evaluating data that establishes biological safety, 

which reveals the need and scope for impurity profiling of 

drugs in pharmaceutical research. Various regulatory 

authorities such as the International Conference on 

Harmonization (ICH), the United States Food and Drug 

administration (FDA) are emphasizing on the purity 

requirements and the identification of impurities in active 

pharmaceutical ingredients ([20]-[22]). 

DOX is prepared via a multistep synthesis and therefore 

the possibility of by-product formation exists. DQD, Fig. 

1b, is one of the intermediates used in DOX synthesis and 

thus, a potential impurity which has been identified in bulk 

DOX, as reported in its monograph in B.P. In addition, 

stress decomposition study was conducted on DOX in 

literature [23]. However, few reports, in literature, 

establish stability indicating assays for DOX through the 

stress route or in presence of process-related impurity [24-

28]. Only one method applied first derivative 

spectrophotometry while another one employed 

densitometric TLC technique in presence of degradation 

product [9]. Chromatographic separation of DOX from its 

related impurities was also described, using zirconia-based 

stationary phase [29] or photodiode array and electrospray 

ionization– mass spectrometry as detectors which are not 

available in routine quality control laboratories [30]. 

Based on these considerations, the aim of this 

investigation was to extend the previously reported studies 

in the purpose of isolation and identification of the 

degradation product by spectroscopy. Furthermore, 

determination of DOX in presence of Deg I and/ or DQD 

by simple, sensitive and specific methods was an 

important task to complete the impurity profile of DOX 

which is now receiving critical attention from regulatory 

authorities. 

 

 

 

(a)                                               (b) 

Fig.1Chemical structures of doxazosin mesylate (a) and its 

related impurity (b). 

2. EXPERIMENTAL 

2.1. Chemicals and Reagents 

Doxazosin mesylate pure sample (analyzed and found to 

be 100.08 ± 0.543, applying reference method [28] was 

kindly supplied by Minapharm company, Egypt. Doxacor
® 

tablets (labelled to contain 2.43 mg of doxazosin mesylate 

per tablet, Batch No. BEE1139 and BCE0819) were 

manufactured by Minapharm, under license of Hexal AG-

Germany and were purchased from local market. DQD 

(6,7-dimethoxy-2,4(1H,3H)-quinazolinedione, purity 97%) 

was purchased from Sigma-Aldrich, Germany. 

Triethylamine and HPLC grade of methanol and 

acetonitrile were supplied from Sigma-Aldrich, Germany. 

Hydrochloric acid and sodium hydroxide (EL-Nasr 

Pharmaceutical Chemicals Co., Egypt) were prepared as 

0.1 N aqueous solutions. Ethyl acetate (EL-Nasr 

Pharmaceutical Chemicals Co., Egypt) was used. 

2.2. Instrumentation 

A double beam Schimadzu Ultraviolet/ Visible recording 

spectrophotometer 1600 Japan, connected to an IBM 

compatible computer and supported with UV Probe 

software version 2.21 was used for spectophotometric 

measurements. A Camag (Camag, Muttenz, Switzerland) 

TLC instrumental set-up consisting of sample applicator 

Linomat V, 100-μL syringe (Hamilton, Switzerland) and 

TLC Scanner III operated by winCATS software (V 3.15, 

Camag, Switzerland) were used. Precoated silica gel 60 

F254 plate, 20 x 20 cm
2
 (Merck Darmstadt, Germany) with 

200-μm thickness were used. A UV lamp-short 

wavelength 254 nm was employed for detection of spots.  

The HPLC system (Agilent 1100 series) was equipped 

with an Agilent isocratic pump G1310A, Agilent          

UV-visible detector G1314A, an Agilent manual injector 

G1328B equipped with (20 µl) injector loop and Agilent 

Zorbax ODS column (C18) 5 µm, 4.6 × 250 mm. An 

Agilent syringe, LC 50 µl, CA, U.S.A. and a Soniclean 

120T ultrasonic processor (Thebarton SA, Australia) were 

employed. pH measurements were carried out using pH 

meter (Jenway, 3505, Essex, U.K.). IR and mass spectra 

were recorded using Shimadzu infrared spectrometer 

(FTIR- 8400S-Kyoto-Japan) and Shimadzu Gas 

Chromatograph Mass spectrometer-Qp 2010 plus 

(Japan).Varian Mercury VX- 300 MHz NMR spectrometer 

was used for 
1
H-NMR spectra. The chemical shifts were 

expressed in δ ppm units, using trimethylsilane as the 

internal standard.  

2.3. Chromatographic conditions  
2.3.1. TLC method 

TLC aluminium sheets with silica gel 60 F254 (20 × 20 cm
2
) 

were cut in 20×10 sheets and samples were spotted in the 

form of bands of 2 mm width, using Linomat sample 

applicator. Linear ascending development was performed 

in chromatographic chambers, previously saturated with 

ethyl acetate: methanol: triethylamine (4: 0.4: 0.3, v/v/v) 

for one hour and over a distance of 8 cm. Subsequent to 

the development, TLC plates were air dried for 10 min and 

then scanned with the spectrodensitometer in the 

absorbance mode at 345 nm. Evaluation was based on 

peak areas. 

2.3.2. HPLC Method 

Chromatographic separation was achieved on Agilent 

Zorbax ODS column (C18, 5 µm, 4.6 × 250 mm), applying 

isocratic elution using a mobile phase consisting of 

methanol: acetonitrile: water: triethylamine (50: 30: 20: 

0.2, v/v/v/v). The mobile phase was filtered through a 

membrane filter of 0.45 μm porosity and pumped through 

the column at a flow rate of 1.4 ml min
−1

. Analysis was 

N

NH3CO

H3CO
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N
N

O

O

O
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performed at ambient temperature and the detector was set 

at 245 nm. The injection volume was 20 μl. 

2.4. Alkaline – Induced Degradation of DOX 

An accurately weighed amount of DOX (0.1 mg) was 

dissolved in 10 ml methanol, 50 ml 0.1 N aqueous NaOH 

solution was added and the solution was refluxed for        

30 min at 100
 0

C. Complete degradation was followed up 

by diluting 0.2 ml of the solution with methanol and 

spotting on a TLC plate next to a spot of intact DOX and 

allowing the plate to develop using ethyl acetate: methanol: 

triethylamine (4: 0.4: 0.3, v/v/v) as developing system. By 

examining the TLC plate, two spots were obtained, one for 

the intact drug (Rf = 0.77) and the other for its alkaline 

degradation product (Rf = 0.58). The solution was cooled 

at room temperature, neutralized using 0.1N HCl and 

evaporated to reduce the volume. Then, the solution was 

extracted with chloroform (3x10 ml), the chloroformic 

extract was filtered on anhydrous sodium sulfate and 

evaporated to dryness. The structure of the alkaline 

degradation product was elucidated using IR, 
1
H-NMR 

and mass spectroscopy.  

2.5. Stock Solutions 

2.5.1. DOX Standard Solutions 

Standard stock solution of DOX (1 mg ml
-1

) was prepared 

by dissolving 100 mg DOX in methanol and completing to 

100 ml with the same solvent. Further dilution was carried 

out in order to obtain working standard solutions of DOX 

(40 μg ml
-1

) for derivative difference (∆
1
D) and first 

derivative ratio (
1
DD) methods and (100 μg ml

-1
) for TLC 

and HPLC methods. 

2.5.2. Deg I Solutions 

Solutions of Deg I of (20 μg ml
-1

), (50 μg ml
-1

) and           

(40 μg ml
-1

) were prepared in methanol for 
1
DD, TLC and 

HPLC methods, respectively. 

2.5.3. DQD Solutions 

Solutions of DQD of (20 μg ml
-1

), (50 μg ml
-1

) and       

(100 μg ml
-1

) were prepared in methanol for ∆
1
D, TLC and 

HPLC methods, respectively. 

2.6. Laboratory Prepared Mixtures 

Accurate aliquots of DOX working solution and/or that of 

its Deg I solution and/or that of its DQD solution were 

transferred into a series of 10 ml volumetric flasks, 

completed to volume with methanol and mixed well, in 

order to obtain different mixtures containing different 

ratios of DOX and/or its Deg I and/ or its DQD.  

2.7. Sample Preparation 

Twenty tablets of Doxacor
®
 were accurately weighed and 

finely powdered. A quantity of the powdered tablets 

equivalent to 25 mg of DOX was accurately weighed, 

methanol (15 ml) was added and the drug was extracted by 

sonication for 15 min. The volume was completed to        

25 ml with methanol; the solution was mixed well and 

filtered on dry funnel and dry filter paper discarding the 

first few milliliters in order to obtain a sample stock 

solution of 1 mg ml
-1

. Further dilution was carried out 

using methanol in order to obtain sample working 

solutions of different concentrations.  

2.8. General Procedures and Linearity 

2.8.1. ∆
1
D Method 

Different aliquots of DOX working solution (40 μg ml
-1

) 

equivalent to (2-24 μg ml
-1

) were transferred into two sets 

of 10 ml volumetric flasks. The volume was made up to 6 

ml with methanol and then adjusted with 0.1N NaOH for 

the alkaline set and with 0.1N HCl for the acidic set. The 

absorption spectra of DOX standard solutions in 0.1 N 

NaOH were recorded against equal amount solutions of 

DOX in 0.1 N HCl.  Then, the first derivative of the 

recorded difference spectra (∆
1
D) was obtained, using 

smoothing factor Δλ of 8 and scaling factor = 10. The 

amplitudes of the minima at 289.6 nm (zero ordinate value 

of DQD) were measured. A calibration curve was obtained 

by plotting the amplitudes of the minima against the 

corresponding concentrations of DOX.  

2.8.2. 
1
DD Method 

The absorption spectra of standard solutions of DOX      

(4–16 µg ml
-1

) were recorded against a blank of methanol 

and stored in the computer. The stored spectra were 

divided by the stored spectrum of Deg I (2 μg ml
-1

) to 

obtain the ratio spectra then the first derivative of the ratio 

spectra were obtained using smoothing factor Δλ of 8 nm 

and scaling factor = 10. The peaks amplitudes at 292.2 nm 

were measured, plotted against the corresponding 

concentrations of DOX and regression equation was 

computed. 

2.8.3. TLC Densitometric Method 

Different aliquots of DOX standard solution  (100 µg ml
-1

) 

equivalent to (50–800 µg) were transferred into a series of 

10 ml volumetric flasks and the volume was completed 

with methanol. Ten µl of each solution were spotted in 

three replicate on TLC plate using Linomat sample 

applicator, as bands (2 mm), 1.1 cm apart and 1.5 cm from 

the bottom edge of the plate. Development of the plate was 

carried out as mentioned under chromatographic 

conditions (section 2.3.1). The peak areas (AUP x10
-3

) 

were plotted against the corresponding concentrations to 

obtain the calibration curve and regression equation was 

computed. 

2.8.4. HPLC Method 

Accurately measured aliquots of DOX standard solution 

(100 μg ml
-1

) equivalent to (50-700 μg) of DOX were 

transferred into a series of 10 ml volumetric flasks and 

completed to volume with methanol. A volume of 20 μl of 

each solution was injected in triplicates into the 

chromatograph. The chromatographic conditions were 

adjusted as mentioned under section 2.3.2. The recorded 

AUPs x 10
-3

 were plotted versus the corresponding 

concentrations of DOX to obtain the calibration curve.  
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2.9. Results and Discussion 

2.9.1. Identification of Deg I  

According to the previously reported study, DOX 

undergoes hydrolysis under acidic and basic conditions 

while it remains stable to heat and light [23]. Complete 

degradation was obtained by refluxing DOX with 0.1 N 

NaOH for 30 min at 100
0
C. The Deg I was isolated by 

neutralization, extraction with chloroform followed by 

evaporation to dryness. The residue obtained was 

identified by TLC and the structure of the Deg I was 

elucidated by IR, 
1
H-NMR and MS spectroscopy. The 

melting point of Deg I was tested and found to be 220 
0
C 

as reported [31]. In TLC, a new spot was obtained at Rf = 

0.58, which is different from that of the intact drug (Rf = 

0.77).  

The IR spectrum of intact DOX reveals a stretching band 

of carbonyl at 1662 cm
-1

 which disappears in the IR 

spectrum of the Deg I, thus confirming the cleavage at the 

piperazine – carbonyl linkage. 
1
H-NMR spectrum of Deg I 

(DMSO-D2O, 300 MHz): δ 2.71 (m, 4H, piperazine H), 

3.621 (m, 4H, piperazine H), 3.75 (s, 3H, CH3O), 3.786 (s, 

3H, CH3O), 6.743 (s, 1H, quinazoline H) and 7.298 (s, 1H, 

quinazoline H). 
1
H-NMR spectrum of Deg I compared to 

that of DOX showed the disappearance of the two signals 

at δ 4.374 (dd, 1H) and δ 4.227 (dd, 1H) corresponding to 

the two non-equivalent geminal protons at C3 of the 2,3-

dihydrobenzodioxinyl ring. Also, lacking the third signal 

at δ 5.209 (dd, 1H) corresponding to the proton at C2. The 

aromatic region of Deg I showed the two singlets of the 

quinazoline ring protons at δ 6.743 and 7.298 with the 

disappearance of the multiplet corresponding to the 4 

ptotons of benzodioxinyl moiety present in DOX. Thus, 
1
H-NMR spectrum of Deg I showed the absence of all 

signals corresponding to 2,3-dihydrobenzodioxinyl moiety 

which is a further confirmation of the cleavage of DOX 

during alkaline degradation, at the piperazine-carbonyl 

linkage. In addition, in the 
1
H-NMR spectrum of Deg I, 

the 8 methylene protons of the piperazine ring appeared as 

2 multiplets at δ 2.710 and 3.621 on the contrary to that of 

DOX in which piperazine protons appeared as broad 

multiplet at δ 3-607 – 3.729. The change could be 

attributed to the removal of the acyl substituent.   

Moreover, mass spectrum revealed M
+
 at 289 which is 

identical to the molecular weight of the Deg I. Therefore, 

the pathway of degradation of DOX by alkaline hydrolysis 

may proceed to yield 6,7-dimethoxy-2-(piperazin-1-

yl)quinazolin-4-amine as shown in Fig. 2. In fact, the 

separated Deg I is 6,7-dimethoxy-2-(piperazin-1-

yl)quinazoline-4-amine which is also one of the 

intermediates in the synthesis of DOX and reported as one 

of its major impurities in B.P. [17]. 

2.9.2. Method Development  

Zero-order absorption spectra of DOX, its Deg I and its 

DQD reveal severe overlapping, Fig.3. 

2.9.2.1. ∆
1
D Method 

Difference spectrophotometry is based on pH changes,  

 

 

 

 

 

 

 

 

 

 

Fig. 2 Pathway for the degradation of DOX in 0.1 N 

sodium hydroxide 

 

 

 

 

 

 

 

 

 

Fig. 3 Zero –order absorption spectra of 8 µg ml
-1

 DOX 

(
____

), 2 µg ml
-1

 of its related impurity (-----) and  2 µg ml
-1

 

of its alkaline degradation product (……) in methanol. 

it has been reported to be useful in the determination of 

binary mixtures [32]. Both DOX and its related impurity 

DQD exhibited two different spectra in acidic and alkaline 

media. The change in spectral properties of both 

compounds in acidic and basic solutions could be 

attributed to the pyrimidine part of the quinazoline ring 

which can undergo tautomerism due to the presence of     

4-NH2 group in DOX and 2,4-dioxo group in  DQD.   

The absorption spectra of DOX and DQD in 0.1 N NaOH 

were recorded relative to their equal amount solutions in 

0.1 N HCl (as blank). Fig. 4a reveals the overlap between 

the obtained difference absorption spectra of DOX and 

that of DQD. The first derivative difference spectra of 

both the drug and its impurity, Fig.4b, offered an 

advantage for the determination of DOX by having a well-

defined minimum at 289.6 nm, while ∆
1
D spectrum of 

DQD has a zero value at the same wavelength. Therefore, 

measurement was carried out at 289.6 nm for the 

determination of DOX without any interference from 

DQD. The method was not successful for the evaluation of 

DOX in presence of its Deg I. 

2.9.2.2. Development of Optimized Stability Indicating 

Methods
 

2.9.2.2.1. 
1
DD Method 

DOX can be assayed in the presence of Deg I by dividing 

the absorption spectra of its different concentrations in the  

1) 0.1N NaOH, heat 

2) Neutralization 

DOX alkaline degradation products 

N

NH3CO

H3CO

NH2

N
NH

N

NH3CO
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N
N

O
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Fig. 4 Difference absorption spectra (a) and first derivative 

of the difference spectra (b) for different concentrations of 

DOX (2, 4, 8, 12, 16, 20, 24  µg ml
-1

) (
____

) in 0.1N NaOH 

using equal concentrations of DOX in 0.1N HCl as blank 

and that of its related  impurity (1 µg ml
-1

) 
 
treated in the 

same manner (-----). 

range (4-16 µg ml
-1

) by the absorption spectrum of Deg I 

(2 µg ml
-1

), the obtained ratio spectra were differentiated 

with respect to wavelength (Δλ = 8 nm; scaling factor = 

10), Fig.5. 
1
DD values showed good linearity and accuracy 

at the peak maximum at 292.2 nm. To optimize this 

method, it was necessary to test the influence of variables 

such as divisor concentration and smoothing factors. 

Different smoothing factors (Δλ) were tried, a smoothing 

factor of 8 showed a suitable signal to noise ratio and the 

spectra showed good resolution. Scaling factor of 10 was 

suitable to facilitate its measurement and to diminish error 

in reading peak amplitude. However, the determination of 

DOX in the presence of DQD was not successful using 
1
DD. 

2.9.2.2.2. TLC Densitometric Method 

TLC procedure was optimized with the aim to determine 

DOX in presence of its deg I and DQD. A developing 

system composed of ethyl acetate: methanol (9: 1 v/v) was 

used as a starting point for the development of TLC plates. 

However, DOX related impurity showed tailing and that of  

 

 

 

 

 

 

 

 

 

 

Fig. 5 First derivative of the ratio spectra for different 

concentrations of DOX (4, 6, 8, 10, 12, 14 µg ml
-1

) using   

2 µg ml
-1 

alkaline degradation product as divisor. 

the alkaline degradation product did not migrate far away 

from the spotting zone. In attempt to achieve good spot 

resolution, different ratios of the same developing system 

components were tested and triethylamine was added. The 

results showed improved migration of the Deg I spot and 

reduced tailing of all peaks. Therefore, the combination of 

ethyl acetate: methanol: triethylamine (4: 0.4: 0.3, v/v/v) 

resulted in well separated, compact spots which showed 

symmetrical peaks on the densitogram, Fig.6. The Rf 

values were 0.58, 0.77 and 0.89 for Deg I, DOX and DQD, 

respectively. Different wavelengths of measurement were 

tried, 245 nm, 275 nm and 345 nm. The best results, in 

terms of linearity and accuracy, were obtained when 

measurement was carried out at 345 nm. 

2.9.2.2.3. HPLC Method 

The main objective of this chromatographic method was 

separation of Deg I, DQD from the intact drug. A variety 

of mobile phases were investigated in the development of 

a stability indicating HPLC method for the analysis of 

DOX. Different proportions of methanol: water, 

acetonitrile: water and phosphate buffer at different pH: 

methanol were attempted as mobile phases but in all cases, 

bad separation of DOX peak from that of its Deg I and its 

DQD was obtained. Methanol: acetonitrile: water (50: 30: 

20, v/v/v) allowed good resolution between peaks but peak 

tailing was a problem. Finally, the satisfactory separation 

and symmetric peaks were observed upon using a mobile 

phase consisting of methanol: acetonitrile: water: 

triethylamine (50: 30: 20: 0.2, v/v/v/v). The maximum 

absorption wavelength of DOX (245 nm) was selected as 

the detection wavelength. In literature, high retention time, 

low detection wavelength of 210 nm [17] was observed 

and zirconia-based stationary phase [29] was used. By 

comparison, separation of DOX from its potential 

impurities was achieved in this investigation by using 

more simple and available stationary and mobile phases 

and the chromatographic run time does not exceed 4 min. 

The retention time of DQD, DOX and its Deg I was found 

to be 1.658, 2.127 and 3.048 min, respectively, Fig. 7. 

 

a 292.2 

nm 

b 

289.6 nm 
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Fig. 6 A typical 2D densitogram of a laboratory prepared 

mixture of DOX (0.4 µg spot
-1

); (Rf 0.77), its related 

impurity (0.2 µg spot
-1

); (Rf 0.89) and its alkaline 

degradation product (0.04 µg spot
-1

); (Rf  0.58), using ethyl 

acetate: methanol: triethylamine (4: 0.4: 0.3, v/v/v) as 

developing system and UV detection at 345 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 HPLC chromatogram of a laboratory prepared 

mixture of DOX (60 µg ml
-1

), its related impurity              

(9 µg ml
-1

) and the alkaline degradation product                

(2 µg ml
-1

).  

2.9.3. Method Validation 

The optimized spectrophotometric and chromatographic 

methods were validated by evaluating linearity, accuracy, 

precision, limit of detection (LOD), limit of quantification 

(LOQ), specificity and system suitability parameters in 

accordance with the ICH guideline Q2 (R1) [33]. 

2.9.3.1. Linearity 

The linearity was investigated at six to seven 

concentration levels of the standard solution of DOX; each 

concentration was analyzed three times. The linearity was 

evaluated by linear regression analysis. The correlation 

coefficients were greater than 0.999 for all the suggested 

methods, indicating an excellent linear response. The 

analytical data of the calibration curves, including 

standard deviations for the slope (Sb) and intercept (Sa), 

confidence limits of slope and intercept are summarized in 

Table 1. 

2.9.3.2. Accuracy 

The accuracy of the proposed methods was tested by 

analyzing triplicate samples of standard DOX solutions. 

The recovery percentages are stated in Table 2 and the 

results revealed the high accuracy of the proposed 

methods. Furthermore, the method accuracy was assessed 

as recovery obtained when spiking the sample solution 

with known concentrations of the intact drug (standard 

addition technique), Table 3.  

2.9.3.3. Precision 

The precision of the methods was checked by analyzing 

three different concentrations of DOX in triplicate during 

the same day (intraday precision). Precision study was 

determined by performing the same procedure on three 

consecutive days (interday precision). The average 

recovery percentages were around 100% and the low 

percentage relative standard deviations (RSD %) indicated 

the good precision of the proposed methods, Table 1. 

2.9.3.4. Specificity 

Specificity is the ability of the analytical method to assess 

the analyte response in the presence of its potential 

impurities. Specificity was established by analyzing DOX 

in laboratory prepared mixtures containing different ratios 

of the intact drug and/or its potential impurity. The good 

recovery % and low standard deviations (SD) proved the 

high specificity of the proposed methods, Table 4. 

2.9.3.5. Limit of detection and limit of quantification 

According to the ICH recommendations [32], the 

parameters LOD and LOQ were determined on the basis 

of SD of the response and slope of the regression equation, 

Table 1. 

2.9.3.6. System suitability 

The system suitability parameters with respect to number 

of theoretical plates, resolution factor, tailing factor, 

capacity factor and selectivity factor were defined, Table 5. 

2.9.4. Statistics 

The proposed analytical methods were compared with the 

reference method [28] using statistical analysis. The 

Student’s t-test and F test were applied and revealed no 

significant difference between the experimental values 

obtained in the pure sample analysis by the newly 

developed methods, Table 6. Analysis of variance 

(ANOVA) was also used to verify the validity of the 

methods. The p-value (0.827) is greater than 0.05 and the 

F calculated (0.371) is lower than the F tabulated (2.76) at 

p < 0.05, indicating that there is no significant difference 

between the proposed methods together with the reference 

method. 

Deg I 

DOX  

DQD 

Deg I 
DQD 

DOX 
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3. CONCLUSION 

In this study, forced degradation of DOX was performed 

in alkaline medium, the structure of the alkaline 

degradation product was proposed based on knowledge of 

pathway of degradation. The proposed structure was 

further confirmed by structural elucidation using IR, 
1
H-

NMR and mass spectroscopy. The new developed 

spectrophotometric and chromatographic methods were 

sensitive, specific, rapid and do not need sample 

preparation or sophisticated techniques and instruments. In 

addition, three of them are stability indicating, allowing 

the analysis of DOX in presence of the alkaline 

degradation product and/ or its process related impurity. 

The validation of the proposed methods according to the 

ICH guidelines proved the applicability and great value of 

these methods for routine analysis in quality control 

laboratories for the determination of DOX in drug 

substance and drug product without prior separation. 

 

Table 1: Analytical parameters and validation of ∆
1
D, 

1
DD, TLC densitometric and HPLC methods for the 

determination of DOX 

 a 
Limits of detection and quantification are determined via calculations [33]: LOD= 3.3×SD/slope,  LOQ= 10×SD/slope 

 b
 The intraday (n = 3), average of  three concentrations of  DOX  (5.6, 15.2  and 21 μg ml

−1
 for  ∆

1
D  method),  (5.6, 9.6     

and 14 μg ml
−1

 for 
1
DD  method),  (0.2, 0.45 and 0.7  μg  spot

-1
 for TLC densitometric method) and (10, 20  and  50 

μg ml
−1 

for HPLC method)  repeated three times within the day. 

c
 The interday (n = 3), average of  three concentrations of DOX  (5.6, 15.2  and 21 μg ml

−1
 for  ∆

1
D  method),  (5.6, 9.6  

and 14 μg ml
−1

 for 
1
DD  method),  (0.2, 0.45 and 0.7  μg  spot

-1
 for TLC densitometric method) and (10, 20  and  50 

μg ml
−1

 for HPLC method) repeated three times in three successive days.  

 

Table 2: Determination of pure samples of DOX by the proposed ∆
1
D, 

1
DD, TLC densitometric and HPLC

 

a
Average of three determinations 

Item ∆
1
D method 

1
DD method TLC method HPLC method 

Wavelength 289.6 nm 292.2 nm 345 nm 245 nm 

Rf - - 0.77 - 

tR - - - 2.127 

Range of linearity 2-24 µg ml
-1

 4-16 µg ml
-1

 0.05-0.8 µg spot
-1 

5-70 µg ml
-1

 

Regression equation 
Y = 0.0131X+ 

0.0009 

Y = 2.1743 X-

4.1580 

Y = 7.4639 X+ 

0.2628 

Y = 0.0928 X+ 

0.1208 

Regression coefficient (r
2
) 0.9999 0.9995 0.9993 0.9999 

Sb 7.09×10
-5

 0.023 0.090 3.34×10
-4 

Sa 0.001 0.237 0.043 0.014 

LOD
a 

0.252 0.032 0.002 0.052 

LOQ
a 

0.763 0.096 0.005 0.159 

Confidence limit of the slope 
0.0131 ± 

1.823×10
-4

 
2.1743 ± 0.065 7.4639 ± 0.231 0.0928 ± 0.001 

Confidence limit of the intercept 0.0009 ± 0.003 4.1580 ± 0.658 0.2628 ± 0.111 0.1208 ± 0.040 

Standard error of the estimation 0.001 0.226 0.060 0.019 

Intraday precision
 b
 (RSD %)

 
0.785-0.288-0.360 0.174-1.276-1.003 0.758-0.443-0.081 0.156-0.936-0.207 

Interday precision
 c
 (RSD %)

 
0.785-1.162-0.364 0.424-0.234-0.017 0.758-0.925-0.364 0.705-0.398-0.210 

∆
1
D method 

1
DD method TLC method HPLC method 

Claimed 

taken      

(µg ml
-1

) 

Recovery
a
 % 

Claimed 

taken      

(µg ml
-1

) 

Recovery
a
 % 

Claimed 

taken      

(µg spot
-1

) 

Recovery
a
 % 

Claimed 

taken       

(µg ml
-1

) 

Recovery
a
 % 

3.20 100.44 5.00 101.20 0.10 100.00 18.00 99.99 

6.00 100.63 7.00 99.71 0.30 100.67 25.00 100.78 

10.00 99.31 9.00 99.77 0.35 100.57 35.00 100.62 

14.00 100.38 11.00 99.65 0.50 100.20 45.00 100.17 

18.00 99.28 13.00 99.59 0.60 100.17 55.00 99.28 

22.00 99.27 15.00 99.60 0.75 100.00 65.00 99.89 

Mean 99.89  99.92  100.27  100.12 

± SD 0.661  0.631  0.287  0.541 
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Table 3: Determination of DOX in Doxacor
®
 tablets by the proposed ∆

1
D,

 1
DD, TLC densitometric and

 
HPLC methods 

and application of the standard addition technique 
∆1D method 1DD method TLC method HPLC method 

Claimed 

(µg ml-1) 

Reco-

verya 

% of 

Tablet 

Pure 

added 

(µg ml-1) 

Reco-

verya % 

of Added 

Claimed 

(µg ml-1) 

Reco-

verya 

% of 

Tablet 

Pure 

added 

(µg ml-1) 

Reco-

verya % 

of Added 

Claimed  

(µg spot-1) 

Reco-

verya 

% of 

Tablet 

Pure added 

(µg spot-1) 

Reco-

verya 

% of 

Added 

Claimed 

(µg ml-1) 

Reco-

verya 

% of 

Tablet 

Pure 

added  

(µg ml-1) 

Reco-

verya % 

of Added 

2 99.60 2 99.25 4 99.05 4 100.20 0.05 100.00 0.05 100.00 10 100.56 8 100.49 

2.4 101.79 4.8 99.71   0.06 100.00   10 99.14 

4 101.33 3.2 100.19 6 99.00 4.8 99.48 0.15 99.33 0.12 100.00 20 100.93 20 100.86 

4 101.15 6 100.77   0.15 100.67   25 100.34 

12 100.58 9.6 100.19 8 99.69 6.4 100.44 0.25 99.20 0.20 101.00 30 99.15 24 99.05 

12 101.14 8 99.88   0.25 100.80   30 99.28 

Mean 100.50  100.62  99.25  100.08  99.51  100.41  100.21  99.86 

± SD 0.864  0.907  0.385  0.481  0.429  0.463  0.939  0.792 
a
Average of three determinations

 

 

Table 4: Determination of DOX in laboratory prepared mixtures by the proposed ∆
1
D, 

1
DD, TLC densitometric and 

HPLC methods 

∆
1
D method  

1
DD method TLC method HPLC method 

Claimed taken 

(µg ml
-1

) 
 

Reco-

very
a 

% of 

DOX
 

Claimed taken 

 (µg ml
-1

) 
 

Reco-

very
a 

% of 

DOX 

Claimed taken  

(µg ml
-1

) 
 

Reco-

very
a 

% of 

DOX
 

Claimed taken  

(µg ml
-1

) 
 

Reco-

very
a   

% of 

DOX
 DOX  DQD  DOX Deg I DOX  Deg I  DQD  DOX  Deg I  DQD  

2 0.4 99.60 4 1.6 98.93 0.05 0.03 0.02 100.00 10 4.0 5 99.70 

4 1.6 101.33 6 3.0 99.40 0.15 0.05 0.05 100.00 20 6.0 8 98.83 

8 2.4 100.29 8 2.0 99.18 0.25 0.08 0.15 100.80 30 8.0 10 99.15 

12 3.0 101.84 10 1.0 99.64 0.40 0.04 0.20 101.25 40 10.0 15 100.63 

16 1.0 100.24 12 0.6 99.73 0.55 0.20 0.01 100.18 50 4.8 30 99.29 

20 2.0 101.57 14 0.2 99.94 0.65 0.01 0.10 100.31 60 2.0 9 99.81 

Mean  100.81   99.47    100.42    99.57 

± SD  0.891   0.374    0.501    0.633 
 a
Average of three determinations

 

 

Table 5: System suitability results of the proposed HPLC method 

 

 

 

 

 

 

 

                 

 

 

 
                                   

                                                     
(
 a 

N: Number of theoretical plates, 
b 
R: Resolution factor, 

c
 T: Tailing factor,  

                                          
d 
Kˊ: Capacity factor, 

e
 α: Selectivity factor, 

f 
tR: Retention time). 

 

 

 

 

 

 

 

 

Parameter DOX Reference value 

N
a 

1499 The higher the value the more 

efficient the column is 

R
b 

2.04 from DQD 

2.07 from Deg I 

> 2 

T
c 

0.84 ≤ 2 

Kˊ
d 

1.33 1 - 10 

α
 e 

1.31fom DQD 

1.45 from DegI 

≥ 1 

RSD% of tR
f 

0.33  
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Table 6: Statistical comparison of the results obtained by applying the proposed ∆
1
D, 

1
DD, TLC densitometric and HPLC 

methods for the determination of DOX in pure sample 

Item ∆
1
D method 

1
DD method TLC method HPLC method 

Reference 

method**  

Mean ± SD 99.89 ± 0.661 99.92 ± 0.631 100.27 ± 0.287 100.12 ± 0.541 100.08 ± 0.543 

n 6 6 6 6 6 

Variance 0.437 0.398 0.082 0.293 0.295 

SE 0.270 0.258 0.117 0.221 0.222 

Student's t test 0.544 (2.228*) 0.470 (2.228*) 0.757 (2.228*) 0.128 (2.228*)  

F-ratio 1.481 (5.05
*
) 1.349 (5.05

*
) 3.598 (5.05

*
) 1.007 (5.05

*
)  

                   * The values in parentheses are the corresponding values of t and F at (p=0.05). 

                   ** Reference method [28] 
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