
American Journal of Analytical Chemistry, 2012, 3, 59-66 
http://dx.doi.org/10.4236/ajac.2012.31009 Published Online January 2012 (http://www.SciRP.org/journal/ajac) 

A Validated Rapid Stability-Indicating Method for the 
Determination of Related Substances in Vardenafil 

Hydrochloride by Ultra-Performance Liquid 
Chromatography 

Kakumani Kishore Kumar1, Chimalakonda Kameswara Rao2, 
Yarram Rama Koti Reddy3, Khagga Mukkanti1* 

1Centre for Chemical Science and Technology, Institute of science and Technology, 
Jawaharlal Nehru Technological University, Hyderabad, India 

2Department of Analytical Research and Development, Inogent Laboratories Pvt. Ltd., Hyderabad, India 
3Department of Instrumentation Engineering, College of Engineering, Andhra University, Visakhapatnam, India 

Email: *{kkishorejntu, kakumani.kishore}@gmail.com 
 

Received September 25, 2011; revised October 31, 2011; accepted November 14, 2011 

ABSTRACT 

A novel, sensitive, stability indicating RP-LC method has been developed for the quantitative determination of Varde- 
nafil and its related impurities in both bulk drugs and Pharmaceutical dosage forms. Effective chromatographic separa- 
tion was achieved on a C18 stationary phase with simple mobile phase combination delivered in a simple gradient pro- 
gramme and quantitation was by ultraviolet detection at 210 nm. The mobile phase consisted of a buffer and acetonitrile 
delivered at a flow rate 0.25 ml·min–1. Buffer consisted of 20 mM Ammonium bi carbonate, pH adjusted to 5.0 by using 
ortho Phosphoric acid. In the developed UPLC method the resolution (Rs) between vardenafil and its four potential im-
purities was found to be grater than 2.0. Regrreation analysis showed an r value (correlation coefficient) grater than 
0.999 for vardenafil and its four impurities. This method was capable to detect all four impurities of vardenafil at a level 
of 0.25 μg.mL–1 with respect to test concentration of 500 μg·ml–1 for a 2 µl injection volume. The inter and intra day 
precision values for all four impurities and for vardenafil was found to be with in 2.0% RSD. The method showed good 
and consistent recoveries for vardenafil in bulk drugs (98.8% - 100.9%), pharmaceutical dosage forms (100.5% - 
101.5%) and its all four impurities (99.8% - 102.5%). The test solutions was found to stable in acetonitrile for 48 h. The 
drug was subjected to stress conditions of hydrolysis, oxidation, photolysis, and thermal degradation. Considerable 
degradation was found to occur in peroxide hydrolysis. The stress samples were assayed against a qualified reference 
standard and the mass balance was found close to 99.9%. The developed RP-LC method was validated with respect to 
linearity, accuracy, precision and robustness. 
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1. Introduction 

Vardenafil HCl, 2-[2-ethoxy-5(4-ethyl-piperazine-1-sul- 
phonyl)-phenyl]-5-methyl-7-propyl-3H-imidazo [5,1-f] [1-3] 
triazin-4-one hydrochloride (Figure 1) is used to treat 
erectile dysfunction. Vardenafil and other ED drugs inhi- 
bit phosphodiesterase type 5 (PDE-5) enzyme, which in 
turn maintains higher levels of cyclic guanosine mono- 
phosphate, which relaxes smooth muscles, promotes pe- 
nile blood flow, and enhances erectile function [1,2]. 
Pharmalogical studies indicate that interaction between 
PDE-5 inhibitors and certain drugs containing nitrates 
may drastically lower blood pressure [4]. Despite the 

efficacy of PDE-5 inhibitors as a treatment for ED, their 
draw backs are also notable. Adverse effects such as 
head ache, facial flushing, dyspepsia, visual disturbances 
and muscle aches have been reported [3]. Recently, re- 
ports of blind ness have implicated Viagra [5]. A few 
HPLC methods determination of vardenafil in bulk drug 
and biological samples were reported in the literature [6- 
10]. 

All the above methods developed (references [6-10]) 
for the quantification of vardenafil and other PDE-5 in- 
hibitors employed complex analytical instruments such 
as mass spectrophotometer for their estimation mainly in 
dietary supplements and bulk drug powders. As far as we 
are aware there is stability indicating UPLC method for  *Corresponding author. 
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Figure 1. Vardenafil and its impurities. 
 
the determination of related substances and for quantita- 
tive estimation of vardenafil. 

Hence, an attempt has been made to develop an accu- 
rate, rapid, specific and reproducible method for determi- 
nation of vardenafil and all four impurities in bulk drug 
samples and in pharmaceutical dosage forms along with 
method validation as per ICH norms [11-13]. The stabi- 
lity tests were also performed on both drug substances 
and drug products as per ICH norms [14-16]. 

1.1. Experimental 

Chemicals 
Samples of vardenafil HCl and its related impurities were 
received from Chiral Solutions private Limited. Hyde- 
rabad, India (Figure 1).Commercially available 20 mg 
vardenafil tablets (Levitra) were purchased. LC grade 
acetonitrile was purchased from Merck, Darmstadt, Ger- 
many. Analytical reagent grade Ammonium Bi carbonate 
were also purchased from Merck. High purity water was 
prepared by using a Millipore Milli-Q plus water purifi- 
cation system. All samples and impurities used in this 
study were greater than 99.5% purity analyse by UPLC. 

1.2. Equipment 

The UPLC system, used for method development, forced 
degradation studies and method validation was a Waters 
Accquity Quaternary pump plus auto sampler and a pho- 
todiode array detector (MA, USA).The out put signal 
was monitored and processed using Empower software 
on Pentium computer (Digital Equipment Co). Photo sta- 
bility studies were carried out in a photo stability cha- 
mber (sanyo, Leicestershine, UK).Thermal stability stu- 
dies were performed in a dry air oven (Merck Phar-  

matech, Hyderabad, India). 

1.3. Chromatographic Conditions 

The chromatographic column used was a Zorbax Exten- 
ded C18 (100 × 2.1) mm with 1.8 µm particles. The mo- 
bile phase consisted of a mixture of buffer, acetonitrile. 
Buffer consists of 20 mM Ammonium bi carbonate pH 
adjusted to 5.0 with Ortho Phosphoric acid. The column 
temperature was maintained at 25˚C and the detection 
was monitored at a wave length of 210 nm .The injection 
volume 2 µl. Acetonitrile was used as a diluent. 

1.4. Preparation of Solutions 

Preparation of Standard Solutions 
A stock solution of vardenafil (500 µg·ml–1) was pre- 
pared by dissolving an appropriate amount in acetonitrile. 
Working solutions were prepared from above stock solu- 
tion for related substances determination and assay de- 
termination, respectively. A stock solution of impurities 
(mixture of imp-A, imp-B, imp-C and imp-D) at a con- 
centration of 0.3 mg·ml–1 was also prepared in acetoni- 
trile. 

1.5. Preparation of Sample Solutions 

Vardenafil tablets contained 20 mg of vardenafil. The in- 
active ingredients present in vardenafil were lactone mo- 
nohydrate, sodium lauryl sulphate, microcrystalline, ce- 
llulose, silicon dioxide and magnesium stearate. Twenty 
vardenafil tablets (20 mg) were weighed and the average 
weight was calculated. The tablets were powder equiva- 
lent to 50 mg of active pharmaceutical ingredient (varde- 
nafil) was transferred in to a 100 ml volumetric flask. 
Approximately 75 ml acetonitrile were added and the flask 
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was placed on rotary shaker for 10 min to dissolve the 
material completely. The solution was then diluted to 100 
ml and centrifuged at 3000 rpm for 10 min. The super- 
natant was collected and filtered through a 0.45 µm pore 
size nylon 66-membrane filter. The filtrate was used as 
sample solution. 

1.6. Specificity 

Specificity is the ability of the method to measure the 
analyte response in the presence of its potential impuri- 
ties. Stress testing of the drug substance can help to iden- 
tify the likely degradation products, which can in turn 
help to establish the degradation path ways and the in- 
trinsic stability of the molecule and validate the stability 
indicating power of the analytical procedure used. 

The specificity of the vardenafil in the presence of its 
impurities namely imp-A, imp-B, imp-C and imp-D and 
degradation products was determined by the developed 
UPLC method. Forced degradation studies were also per- 
formed on vardenafil to provide an indication of the sta- 
bility indicating property and specificity of the proposed 
method. The stress conditions employed for degradation 
study included light (carried out as per ICH Q1B), heat 
(60˚C), acid hydrolysis (0.1N HCl), base hydrolysis 
(0.1N NaOH), water hydrolysis (room temperature for 48 
h) and oxidation (3% H2O2).For heat and light studies, 
the study period was 7 days where as for acid, base, per- 
oxide and water hydrolysis the test period was 48 h. Peak 
purity of stressed samples of vardenafil was checked by 
using photo diode array detector of waters corporation, 
MA, USA. 

2. Analytical Method Validation 

The developed chromatographic method was validated 
for linearity, precision, accuracy, sensitivity, robustness 
and system suitability. 

Precision 
The precision of the related substance method was 

checked by injecting six individual preparations of (500 
µg·ml–1) vardenafil spiked with 0.2% each imp-A, imp-B, 
imp-C and imp-D. Each %RSD area of imp-A, imp-B, 
imp-C and imp-D was calculated. Precision study was 
also determined by performing the same procedures on a 
different day (inter-day precision). 

The intermediate precision (rugged ness) of the me- 
thod was also evaluated by a different analyst, different 
column and different instrument in the same laboratory. 

Assay method precision was evaluated by carrying out 
six independent assays of test samples of vardenafil against 
qualified reference standard. The %RSD of six assay 
value obtained was calculated. The intermediate preci- 
sion of the assay method was evaluated by different ana- 
lyst and by using different instrument from the same 
laboratory. 

2.1. Sensitivity 

Sensitivity was determined by establishing the limit of 
detection (LOD) and limit of quantification (LOQ) for 
imp-A, imp-B, imp-C and imp-D estimated at a signal to 
noise ratio of 3:1 and 10:1 respectively, by injecting a 
series of diluted solutions with known concentrations. 
The precision study was also carried out at the LOQ lev- 
els by injecting six individual preparations of imp-A, 
imp-B, imp-C and imp-D, the %RSD for the areas of 
each impurity was calculated. 

2.2. Linearity and Range 

Linearity test solutions for the assay method has prepared 
from stock solution at five concentration levels from 50 
to 200% of assay analyte concentration (250, 375, 500, 
750 and 1000 µg·ml–1). 

A linearity test solutions for related substances method 
was prepared by diluting the impurity stock solution to 
required concentrations. The solutions were prepared at 
six concentration levels. From LOQ to 200% of the per- 
mitted maximum levels of the impurity (i.e. LOQ (0.05%), 
0.10%, 0.20%, 0.30% and 0.40%) was subjected to linear 
regression analysis with the least squares method. Cali- 
bration equation obtained from regression analysis was 
used to calculate the corresponding predicted responses. 
The residuals and sum of the residual squares were cal- 
culated from the corresponding predicted parameters. 

Linearity was checked for three consecutives days in 
the same concentration range for both assay and related 
substances method and the %RSD value of the slope and 
Y-intercept of calibration curve were calculated. Upper 
and lowers levels of range were also established. 

2.3. Accuracy 

The accuracy of the assay method was evaluated in trip- 
licate at five concentration levels i.e. 250, 375, 500, 750 
and 1000 µg·ml–1 in the bulk drugs and pharmaceutical 
dosage forms. At each concentration, three sets were pre- 
pared and injecting in triplicate. The percentage recovery 
was calculated at each level. 

The bulk sample shows the percentage of imp-D at a 
level of the 0.052% and 0.08% of total impurities (limit 
not more than 0.2% for a single known impurity, for total 
impurities the limit was 0.50%). The study was carried 
out in triplicate at 0.10%, 0.20% and 0.30% of the ana- 
lyte concentration (500 µg·ml–1). The percentage of re- 
coveries for imp-A, imp-B, imp-C and imp-D were cal- 
culated. 

2.4. Robustness 

To determine the robustness of the developed method, 
experimental conditions were deliberately changed and 
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the resolution (Rs) bet ween vardenafil, imp-A, imp-B, 
imp-C and imp-D were evaluated. The flow rate of the 
mobile phase was 0.25 ml·min–1. To study the effect of 
the flow rate on the developed method, 0.1 units of flow 
were changed (i.e. 0.2 and 0.3 ml·min–1). The effect of 
column temperature on the developed method was stud-
ied at 20˚C and 30˚C. The effect of pH on resolution of 
impurities was studied by varying ± 0.1pH units (i.e. 4.9 
and 5.1). In all the above varied conditions, the compo- 
nent of the mobile phase was held constant. 

2.5. Solution Stability and Mobile Phase Stability 

The solution stability of vardenafil in the assay method 
was carried out by leaving the test solutions of samples 
in tightly capped volumetric flasks at room temperatures 
for 48 hours. The same sample solutions were assayed at 
6 hours interval up to the study period against freshly 
prepared standard solution. The mobile phase stability 
was also carried out by assaying the freshly prepared 
sample solution against freshly prepared reference stan- 
dard solutions at 6 h intervals up to 48 h. Mobile phase 
prepared was kept constant during the study period. The 
%RSD of assay of vardenafil was calculated for the study 
period during mobile phase and solution stability ex- 
periments. 

The solution stability of vardenafil and its related im- 
purities was carried out by leaving both spiked and un 
spiked sample solution in tightly capped volumetric fla- 
sks at room temperature for 48 h. Content of imp-A, imp- 
B, imp-C and imp-D were determined at 6 h interval, up 
to the study period. 

Mobile phase stability was also carried out for 48 h by 
injecting the freshly prepared sample solutions for every 
6 h interval. Content of imp-A, imp-B, imp-C and imp-D 
was checked in the test solutions. Mobile phase prepared 
was kept constant during the study period. 

3. Results and Discussion  

3.1. Method Developed and Optimization 

The main objective of the chromatographic method is to 
separate vardenafil from imp-A, imp-B, imp-C and imp- 
D. Impurities were co eluted using different stationary 
phases such as C8, Phenyl and cyano as well as different 
mobile phases. The Chromatographic separation was 
achieved on a Zorbax Extended C18 (100 × 2.1 mm, 1.8 
µm), flow rate of 0.25 ml·min–1. The peak shape of var- 
denafil was found to be symmetrical. In optimised chro- 
matographic conditions the peak shape of vardenafil was 
found to be symmetrical and impurities imp-A, imp-B, 
imp-C and imp-D were separated with a resolution grater 
than 2, typical retention times of Vardenafil, imp-A, imp- 
B, imp-C and imp-D were about 2.9, 5.5, 6.8, 7.1 and 7.5 
respectively (Figure 2). The system suitability results are 

given in Table 1 and developed UPLC method was 
found to be specific for vardenafil and its four impurities 
namely imp-A, imp-B, imp-C and imp-D (Figure 2). 

3.2. Results of Forced Degradation Studies  

Degradation Behaviour 
LC studies on vardenafil hydrochloride under different 
stress conditions suggested the following degradation be- 
haviour. 

Degradation in basic solution: in 1N NaOH at room 
temperature after 48 h, no major degradation was ob- 
served. Minor degradation was observed when more stre- 
ssed conditions were applied (1N NaOH reflux at 60˚C). 
A minor degradation product was observed at 0.93 min 
retention time. 

Degradation in acidic solution: In 1N HCl at room 
temperature no degradation was observed. The drug was 
also stable in 1N HCl on heating at 60˚C for 48 h. The 
drug was slightly degraded in acid hydrolysis. 

Oxidative hydrolysis: the drug was exposed to 3% hy- 
drogen peroxide at room temperature for 48 h. The drug 
gradually underwent degradation with time in 3% hydro- 
gen peroxide and prominent degradation was observed. 
A major degradation product was observed (7.2%) at 4.2 
min retention time. 

Degradation in neutral (water) solution: No major deg- 
radation products were observed after 48 h at room tem- 
perature. The drug was also stable in water on heating at 
60˚C for 4 h. The drug was stable to water hydrolysis. 

Photolytic conditions: When the drug powder was ex- 
posed to light for an overall illumination of 1.2 million 
lux hours and an integrated near ultraviolet energy of 200 
watt hours/square meter (w/m h) (in a photo stability cha- 
mber), no degradation was observed.  

The mass balance of stressed samples was close to 
99.4% (Table 1). The assay of vardenafil is unaffected in 
the presences of imp-A, imp-B, imp-C and imp-D and its 
degradation products confirm the stability indicating 
power of the developed method. 

3.3. Precision 

The %RSD of the assay of vardenafil during the assay 
method precision study was within 0.05% and the %RSD 
for the area imp-A, imp-B, imp-C and imp-D in related 
substances method precision study was within 1.1%. The 
%RSD of the assay results obtained in the intermediated 
precision study was within 0.1% and the %RSD for the 
area of imp-A, imp-B, imp-C and imp-D were well with- 
in 0.6%, conforming good precision of the method. 

3.4. Limit of Detection and Limit of 
Quantification 

The limit of detection of all impurities namely imps-A, 

Copyright © 2012 SciRes.                                                                                AJAC 



K. K. KUMAR  ET  AL. 

Copyright © 2012 SciRes.                                                                                AJAC 

63

 

 
(a) 

 
(b) 

 
(c) 



K. K. KUMAR  ET  AL. 64 

P
ea

k1
 - 

0.
57

7
P

ea
k2

 - 
0.

71
9

P
ea

k3
 - 

0.
92

8

V
A

E
D

E
N

A
FI

L 
- 5

.4
90

AU

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 
Minutes 

(d) 

P
ea

k2
 -

 0
.6

36

P
ea

k3
 - 

0.
87

4
P

ea
k4

 - 
1.

04
7

P
ea

k5
 - 

3.
29

5

V
A

E
D

E
N

A
FI

L 
- 5

.4
36

AU

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

Minutes
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00

 
(e) 

P
E

R
O

X
ID

E
 P

E
A

K
 - 

0.
91

9

P
ea

k3
 - 

1.
33

3

P
ea

k4
 - 

3.
38

7
P

ea
k5

 - 
3.

53
8

P
ea

k6
 - 

3.
79

5

P
ea

k7
 - 

4.
02

1
P

ea
k8

 - 
4.

23
0

P
ea

k9
 - 

4.
41

9

P
ea

k1
0 

- 4
.7

85

P
ea

k1
1 

- 5
.1

80
P

ea
k1

2 
- 5

.2
71

V
A

E
D

E
N

A
FI

L 
- 5

.5
27

P
ea

k1
4 

- 5
.7

33

AU

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

Minutes
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00

 
(f) 

Figure 2. Typical HPLC chromatograms of Vardenafil HCl under stress conditions (a) pure Vardenafil HCl bulk sample; (b) 
spiked with imp-A, imp-B, imp-C and imp-D at 0.3% level; (c) spiked with imp-A, imp-B, imp-C and imp-D at 0.3% level in 
Vardenafil HCl sample; (d) Base hydrolysis; (e) acid hydrolysis; (f) Peroxide hydrolysis. 
 

Table 1. Summary of forced degradation. 

Stress condition Time % assay of active substance 
Mass balance 

(% assay + % impurities + % degradation products )

Acid hydrolysis (1N HCl,) 48 h 96.51% 99.8% 

Base hydrolysis (1N NaOH) 48 h 95.53% 99.5% 

Oxidation (3% H2O2) 4 h 82.62% 99.6% 

UV, 254 nm 24 h 99.21% 99.5% 

Thermal 60˚C 24 h 99.10% 99.4% 

Copyright © 2012 SciRes.                                                                                AJAC 



K. K. KUMAR  ET  AL. 

Copyright © 2012 SciRes.                                                                                AJAC 

65

 
imp-B, imp-C, imp-D and Vardenafil were achieved at 
0.016%, 0.017%, 0.017%, 0.016%, and 0.017% for 2 µl 
injection volume. The limit of quantification for all im- 
purities namely imps-A, imp-B, imp-C imp-D and Var- 
denafil was achieved at 0.051%, 0.053%, 0.054% 0.052% 
and 0.05% for 2 µl injection volume. The precision at 
LOQ concentration for imp-A, imp-B, imp-C, and imp-D 
were below 2.4%. 

3.4.1. Linearity 
The linearity calibration plot for the assay method was 
obtained over the calibration ranges tested, i.e. 250 - 
1000 µg·ml–1 and correlation coefficient obtained was 
greater than 0.999. The results showed that an excellent 
correlation existed between the peak area and concentra-
tion of the analyte. 

Linear calibration plot for the related substances 
method was obtained over calibration ranges tested, i.e. 
LOQ (0.05%) to 0.4% for imp-A, imp-B, imp-C imp-D 
and Vardenafil. The correlation coefficient obtained was 
greater than 0.999. The above results showed that an ex- 
cellent correlation existed between the peak area and the 
concentration of imp-A, imp-B, imp-C, imp-D and Var- 
denafil. 

3.4.2. Accuracy 
The percentage recovery of Vardenafil in bulk drug sam- 
ple ranged from 99.8% to 100.8%. The percentage reco- 
very of impurities in Vardenafil sample varied from 
98.7% to 103.5%. 

3.4.3. Robustness  
In all the deliberate varied chromatographic conditions 
(flow rate and column temperature), the resolution be- 
tween the critical pairs, i.e. imp-B and imp-C was greater 
than 4.0, illustrating the robustness of the method.  

3.4.4. Solution Stability and Mobile Phase Stability 
The %RSD of the assay of Vardenafil during the solution 
stability experiments were within 0.2%. No significant 
changes were observed in the content of impurities namely 
imp-A, imp-B, imp-C and imp-D during solution stability 
and mobile phase stability experiments when performed 
using the related substance method. The solution stability 
and mobile phase stability experiment data confirms that 
the sample solution and mobile phases used during assay 
and the related substance determination were stable for at 
least 48 h. 

4. Conclusion  

The gradient UPLC method developed for quantitative 
and related substance determination of vardenafil HCl in 
both bulk drug and pharmaceutical dosage form was pre- 
cise, accurate and specific. The method was completely 

validated showing satisfactory data for all the method 
validation parameters tested. The developed method is 
stability indicating and can be used for the routine analy- 
sis of production samples and also to check the stability 
of vardenafil HCl sample. 

REFERENCES 
[1] M. Bakshi and S. Singh, “Development of Validated Sta-

bility-Indicating Assay Methods—Critical Review,” Jour- 
nal of Pharmaceutical and Biomedical Analysis, Vol. 28, 
No. 6, 2002, pp. 1011-1040.  
doi:10.1016/S0731-7085 (02)00047-X 

[2] USP D1, “Drug Information for the Health Care Profes-
sional,” 25th Edition, The United State Pharmcopeial Con- 
vention Inc., Rockville, 2005. 

[3] Mosby, “Mosby’s Pediatric Drug Consult’s Drug Con-
sult,” 15th Edition, Elsevier Inc., New York, 2005. 

[4] E. Wespes, E. Amar, D. Hatzichristou, F. Montorsi, J. 
Pryor and Y. Vardi, “Guidelines on Erectile Dysfunction,” 
European Urology, Vol. 41, No. 1, 2002, pp. 1-5 
doi:10.1016/S0302-2838(01)00008-2 

[5] C. G. Stief, S. Uckert, A. J. Becker, M. C. Truss and U. 
Jonas, “The Effect of the Specific Phosphodiesterase (Pde) 
Inhibitors on Human and Rabbit Cavernous Tissue in Vi-
tro and in Vivo,” Journal of Urology, Vol. 159, No. 4, 
1998, pp. 1390-1396.  

[6] J. C. Reepmeyer and J. T. Woorruff, “Use of Liquid 
Chromatography—Mass Spectrometry and a Hydrolytic 
Technique for the Detection and structure Elucidation of a 
Novel Synthetic Vardenafil Designer Drug Added Ille-
gally to a ‘Natural’ Herbal Dietary Supplement,” Journal 
of Chromatography A, Vol. 1125, No. 1, 2006, pp. 67-75.  
doi:10.1016/j.chroma.2006.05.018 

[7] P. Zou, S. S.-Y. Oh, P. Hou, M.-Y. Low and H.-L. Koh 
“Simultaneous Determination of Synthetic Phosphodi-
esterase-5 Inhibitors Found in a Dietary Supplement and 
Pre-Mixed Bulk Powders for Dietary Supplements Using 
High-Performance Liquid Chromatography with Diode 
Array Detection and Liquid Chromatography-Electro- 
spray Ionization Tandem Mass Spectrometry,” Journal of 
Chromatography A, Vol. 1104, No. 1-2, 2006, pp. 113- 
122. doi:10.1016/j.chroma.2005.11.103 

[8] X. Zhu, S. Xiao, B. Chen, F. Zhang, S. Yao, Z. Qan, et al. 
“Simultaneous Determination of Sildenafil, Vardenafil 
and Tadalafil as Forbidden Components in Natural Die-
tary Supplements for Male Sexual Potency by High-Per- 
formance Liquid Chromatography-Electrospray Ioniza-
tion Mass Spectrometry,” Journal of Chromatography A, 
Vol. 1066, No. 1-2, 2005, pp. 89-95.  
doi:10.1016/j.chroma.2005.01.038 

[9] F. J. Rodriguez, J. J. B. Nevado, P. G. Castaneda and D. 
N. Mora, “Development of a Micellar Electrokinetic Cap-
illary Chromatography Method for the Determination of 
Three Drugs Employed in the Erectile Dysfunction Ther-
apy,” Journal of Chromatography B, Vol. 811, No. 2, 
2004, pp. 231-236. 

[10] S. R. Gratz, C. L. Flurer, K. A. Wolnik, “Analysis of 

http://dx.doi.org/10.1016/S0302-2838(01)00008-2
http://dx.doi.org/10.1016/j.chroma.2006.05.018
http://dx.doi.org/10.1016/j.chroma.2005.11.103
http://dx.doi.org/10.1016/j.chroma.2005.01.038


K. K. KUMAR  ET  AL. 66 

Undeclared Synthetic Phosphodiesterase-5 Inhibitors in 
Dietary Supplements and Herbal Matrices by LC-ESI-MS 
and LC-UV,” Journal of Pharmaceutical and Biomedical 
Analysis, Vol. 36, No. 3, 2004, pp. 525-533.  
doi:10.1016/j.jpba.2004.07.004 

[11] Stability ICH, “Testing of New Drug Substances and 
Products Q1A (R2),” International Conference on Har-
monization, IFPMA, Geneva, 2003. 

[12] ICH Photo Stability, “Testing of New Drug Substances 
and Products Q1b,” International Conference on Harmo- 
nization, IFPMA, Geneva, 1996. 

[13] S. Singh, B. Singh, R. Bahuguna, L. Wadhwa and R. 
Saxena “Stress Degradation Studies on Ezetimibe and 

Development of a Validated Stability-Indicating HPLC 
assay,” Journal of Pharmaceutical and Biomedical Ana- 
lysis, Vol. 41, 2006, pp. 1037-1040.  
doi:10.1016/j.jpba.2006.01.030 

[14] Drug Stability Principles and Practices, 3rd Edition, T. 
Carstensen and C. T. Rhodes, Eds., Marcel Dekker, New 
York, 2000. 

[15] R. Rajagopalan, “Review of Regulatory Guidance on 
Impurities,” Separation Science and Technology, Vol. 5, 
2004, pp. 27-37. 

[16] ICH Guidelines Q2(R1), Validation of Analytical Proce-
dures, Geneva, 2005. 

 

Copyright © 2012 SciRes.                                                                                AJAC 

http://dx.doi.org/10.1016/j.jpba.2006.01.030

