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Abstract: 

A simple, rapid, precise, sensitive and reproducible reverse phase high performance liquid chromatography (RP-

HPLC) method has been developed for the quantitative analysis of Ambrisentan and Tadalafil in pharmaceutical 
dosage form. Chromatographic separation of Ambrisentan and Tadalafil was achieved on Shimadzu HPLC 

accomplished with cyber lab LC 100 software by using Cap cell pack C18 column and the mobile phase containing 

1ml Triethyl amine is dissolved in 1lt water adjust pH-7.0 with OPA & ACN in the ratio of 60:40% v/v. The flow 

rate was 1.0 ml/min; detection was carried out by absorption at 249nm using a photodiode array detector at 

ambient temperature. The number of theoretical plates and tailing factor for Ambrisentan and Tadalafil were NLT 

2000 and should not more than 2 respectively. % Relative standard deviation of peak areas of all measurements 

always less than 2.0. The proposed method was validated according to ICH guidelines.  The method was found to be 

simple, economical, suitable, precise, accurate & robust method for quantitative analysis of Ambrisentan and 

Tadalafil.  
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INTRODUCTION: 

Administration of two or more drugs at a time 

becomes imperative for several therapeutic reasons. 

The multi component formulations have gained lot of 

importance now-a-days due to greater patient 
acceptability, increased potency, multiple action, 

fewer side effects and quicker relief. The combined 

dosage forms are complex in nature during the 

process of estimation, it is important to confirm that 

one component does not interfere with the estimation 

of the other. There is a plethora of analysis of such 

formulations without prior separation for the 

estimation of multi component formulation, the 

instrumental techniques, which are commonly 

employed are spectrophotometry, GLC, HP-TLC, 

HPLC etc. These methods are based up on the 

measurement of specific and nonspecific physical 
properties of the substances. 

Ambrisentan is an orally active selective type an 

endothelin receptor antagonist indicated for the 

treatment of pulmonary arterial hypertension. (S)-2-

(4,6-dimethylpyrimidin-2-yloxy)-3-methoxy-3,3-

diphenylpropionic acid anti-hypertensive agent. 

Tadalafil is an orally administered drug used to treat 

male erectile dysfunction (impotence). 

pyrazino[1',2'1,6] pyrido[3,4-b]indole-1,4-dione, 6-

(1,3-benzodioxol-5-yl)2,3,6,7,12,12a-hexahydro-2-

methyl-, (6R,12aR). 

 

EXPERIMENTAL WORK:  

Determination of Working Wavelength (λ
max)

 

The wavelength of maximum absorption of the 

solution of the drugs in mixture of Acetonitrile and 

0.1% TEA (40:60) were scanned using PDA Detector 

within the wavelength region of 200–400 nm against 

Acetonitrile and 0.1% TEA (40:60) as blank. The 

absorption curve shows isobestic point at 249nm. 

Thus 249 nm was selected as detector wavelength for 

the HPLC chromatographic method. 

 

Chromatographic conditions: 

Preparation of standard stock solution 

 Accurately weigh and transfer 20 mg of 

Ambrisentan, 80 mg of Tadalafil working 

standard into a 100 ml clean dry volumetric flask 

add Diluent and sonicate to dissolve it 

completely and make volume up to the mark 

with the same solvent. (Stock solution) 

 Further pipette 5 ml of the above stock solutions 

into a 50 ml volumetric flask and dilute up to the 

mark with diluent. (20ppm of Ambrisentan, 

80ppm of Tadalafil) 

Sample Solution Preparation: 

 Accurately weighed and transfer equivalent to 

20mg of Ambrisentan, 80mg of Tadalafil sample 

into a 100mL clean dry volumetric flask add 

Diluent and sonicate it up to 30 mins to dissolve, 

and centrifuge for 30min. to dissolve it 

completely and make volume up to the mark 

with the same solvent. Then it is filtered through 

0.45-micron Injection filter. (Stock solution).  

 Further pipette 5 ml of the above stock solutions 

into a 50ml volumetric flask and dilute up to the 
mark with diluent. (20ppm of Ambrisentan, 

80ppm of Tadalafil) 

 

RESULTS AND DISCUSSION:  

RP-HPLC METHOD 

Determination of Working Wavelength (λ
max):  

 

Fig: PDA - Spectrum of Ambrisentan and Tadalafil 
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Optimized chromatogram: 

 

 
Fig: Optimized chromatogram  

 

Table: Results for (Optimized trail) 

S.No Name 
Retention 

Time 
Area % Area 

USP 

Resolution 

USP 

Tailing 

USP Plate 

Count 

1 Ambrisentan 2.925 2068122 72.36 - 1.12 4852 

2 Tadalafil 6.402 845623 27.64 13.21 1.10 5542 

 

Table: Optimized chromatographic conditions 

 

                     PARAMETERS OBSERVATION 

Instrument used Shimadzu HPLC with PDA detector. 

Injection volume 20µl 

Mobile Phase 
Acetonitrile and 0.1%triethylamine pH 7.0 

with OPA 40:60 

Column Cap cell pack C18 (250×4.6nm, 5µ)  

Detection Wave Length 249 nm 

Flow Rate 1 mL/min 

Runtime 7min 

Temperature Ambient(25 C) 

Mode of separation Isocratic mode 

The Ambrisentan peak was observed at 2.521 min with peak area 2068122, tailing factor 1.12, Tadalafil peak was 

observed at 5.206 min, with peak area 845623, tailing factor 1.10 and resolution 13.21. This trial was optimized. 

 

SYSTEM SUITABILITY:  

Table: System suitability parameters for Ambrisentan and Tadalafil 

S.no Parameter Ambrisentan Tadalafil 

1 Retention time 2.925 6.402 

2 Plate count 2944 9315 

3 Tailing factor 1.12 1.10 

4 Resolution ---- 13.21 

5 %RSD 0.34 0.08 
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Fig: Chromatogram of standard 

 

Acceptance Criteria: According to ICH guidelines plate count should be more than 2000, tailing factor should be 

less than 2 and resolution must be more than 2. All the system suitable parameters were passed and were within the 

limits. 

Assay: 

Table: Assay of Ambrisentan and Tadalafil 

 

 

Brand 

Drug 
Avg sample area 

(n=5) 

Std. wt 

(µg/ml) 

Sample 

wt. 

(µg/ml) 

Label 

amount 

(mg) 

Std 

purity 

Amount 

found 

(µg/ml) 

% assay 

- 
A 2054326 20 228 5 99.9 20.2 99.45 

T 844234 80 228 20 99.9 80.1 99.69 

 

 
Fig: Chromatogram of Assay 

 

ANALYTICAL METHOD VALIDATION (HPLC):  

SPECIFICITY:       

 
Fig: Chromatogram of blank 
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Fig: Optimized chromatogram 

Discussion: Retention times of Ambrisentan and Tadalafil were 2.918 min and 6.480min respectively. We did not 

found and interfering peaks in blank and placebo at retention times of these drugs in this method. So this method 

was said to be specific. 

 

LINEARITY: 

 
Fig: Chromatogram of Linearity-25%  

 
Fig: Chromatogram of Linearity-50%  

 
Fig: Chromatogram of Linearity-100% 
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          Fig: Chromatogram of Linearity-150% 

 

Table: Results of linearity for Ambrisentan and Tadalafil 

S.NO 

Ambrisentan Tadalafil 

Conc.(µg/ml) Peak area Conc.(µg/ml) Peak area 

1 2 208924 8 134265 

2 5 539862 20 252452 

3 10 1081729 40 469575 

4 15 1689432 60 683139 

5 20 2163458 80 905367 

6 25 2703340 100 1149622 

7 30 3245828 120 1375856 

Regression 

equation 
y = 108409.5x +4093.6 y = 11239.79x +19955.64 

Slope 108409.5 11239.79 

Intercept 4093.63 19955.64 

     R2                  0.9996                 0.99958 

 

 
Fig: Calibration curve for Tadalafil at 249 nm 
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Fig: Calibration curve for Ambrisentan at 249 nm 

PRECISION: System Precision: 

 

Table: System precision table of Ambrisentan and Tadalafil 

S. No 
Concentration 

Ambrisentan (µg/ml) 

Area of 

Ambrisentan 

Concentration of Tadalafil 

(µg/ml) 

Area of 

Tadalafil 

1. 20 2064257 80 844562 

2. 20 2058964 80 846572 

3. 20 2045268 80 845962 

4. 20 2054268 80 845721 

5. 20 2047895 80 845936 

6. 20 2056421 80 846257 

Mean  2054512  845835 

S.D  7038.826  690.088 

%RSD  0.34  0.08 

 

 
Fig: System precision chromatogram-1 
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Fig: System precision chromatogram-2 

 

 
Fig: System precision chromatogram-3 

 

Discussion: From a single volumetric flask of working standard solution six injections were given and the obtained 

areas were mentioned above. Average area, standard deviation and % RSD were calculated for two drugs. % RSD 

obtained as 0.34% and 0.08% respectively for Ambrisentan and Tadalafil. As the limit of Precision was less than “2” 

the system precision was passed in this method. 

 

REPEATABILITY: 

Table: Method Precision for Ambrisentan and Tadalafil by RP-HPLC method 

S. No.  Area for Ambrisentan Area for Tadalafil 

1 2046315 845316 

2 2048761 845796 

3 2048697 842678 

4 2043679 842368 

5 2013675 842679 

6 2016795 845796 

Average 2036320 844106 

Standard 

Deviation 
16468.425 1689.524 

%RSD 0.81 0.20 

 

Acceptance Criteria: The % RSD for the area of six standard injections results should not be more than 2%. 
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Fig: Repeatability chromatogram 

INTERMEDIATE PRECISION (DAY-DAY PRECISION): 

 

Table: Intermediate Precision (Day variation)  

S. No. 
Area for Ambrisentan Area for Tadalafil 

Day-1 Day-2 Day-1 Day-2 

1 2016375 2045632 847658 846532 

2 2046972 2048965 841675 845293 

3 2046966 2051493 842597 847632 

4 2043675 2065871 842365 846325 

5 2045325 2045236 845794 842638 

6 2069586 2058912 845316 843795 

Average 2044817 2052685 844234 845369 

Standard 

Deviation 
16930.89 8162.571 2368.523 1861.683 

%RSD 0.83 0.40 0.28 0.22 

 

Acceptance Criteria: The % RSD for the area of six standard injections results should not be more than 2%. 

 

 
Fig: Inter day precision chromatogram 



IAJPS 2021, 08 (1), 2184-2197                     K. Sandhya Rani et al                           ISSN 2349-7750 

 
w w w . i a j p s . c o m  
 

Page 2193 

ACCURACY: 

Table: Accuracy results of Ambrisentan by RP-HPLC method 

%Concentration(at 

specification Level) 
Area 

Amount 

Added 

(mg) 

Amount 

Found 

(mg) 

% Recovery 
Mean 

Recovery 

50% 1118353 10 10.2 100.26 

100.29 100% 2036487 20 20.12 99.75 

150% 3255143 30 30.15 101.49 

 

Table: The Accuracy results for Tadalafil by RP-HPLC method 

%Concentration 

(at specification 

Level) 

Area 

Amount 

Added 

(mg) 

Amount 

Found 

(mg) 

% Recovery 
Mean 

Recovery 

50% 432691 40 40.24 100.25 

100.35 100% 845362 80 80.17 99.95 

150% 1377946 120 120.16 100.86 

 
Discussion: Three levels of Accuracy samples were prepared by standard addition method. Triplicate injections 

were given for each level of accuracy and mean %Recovery was obtained as 100.25% and 100.86% for Ambrisentan 

and Tadalafil respectively. 

 

 
Fig: Chromatogram of Accuracy 50% 

 

 
Fig: Chromatogram of Accuracy 100% 
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Fig: Chromatogram of Accuracy 150% 

ROBUSTNESS: 

Table: Robustness results of Ambrisentan by RP-HPLC 

 

Parameter 

Ambrisentan 

Condition Retention 

time(min) 
Peak area Resolution Tailing 

Plate 

count 

Flow rate 

Change(mL/m
in) 

Less flow(0.8ml) 3.811 2146875  1.12 4679 

Actual(1ml) 2.824 2046252  1.11 4645 

More(1.2ml) 2.308 1946759  1.12 4792 

Organic Phase 
change 

Less Org (36:64) 2.944 2147682  1.13 4893 

Actual(40:60) 2.842 2046972  1.15 4728 

More 
Org(44:56) 

2.601 1967925  1.14 4896 

 

Table: Robustness results of Tadalafil by RP-HPLC 

 

Parameter 

Tadalafil 

Condition Retention 

time(min) 
Peak area Resolution Tailing Plate count 

Flow rate 

Change(mL/

min) 

Less flow(0.8ml) 8.665 856478 14.26 1.11 5579 

Actual(1ml) 6.415 845623 13.21 1.10 5542 

More flow(1.2ml) 5.213 826248 11.28 1.15 5679 

Organic 

Phase change 

Less Org (36:64) 8.546 856972 15.24 1.16 5816 

Actual(40:60) 6.462 845931 14.28 1.13 5684 

More 

Org(44:56) 
5.469 821679 10.39 1.12 5795 

 

 
Fig: Chromatogram for less flow rate (0.8 ml) 
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Fig: Chromatogram for more flow rate (1.2mL) 

 
Fig: Chromatogram for less Organic Phase (36:64) 

 
Fig: Chromatogram for more Organic Phase (44:56) 

 

LOD and LOQ (µg/ml): 

 

 
Fig: Chromatogram for LOD  
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Fig: Chromatogram for LOQ  

 

Table: Sensitivity parameters (LOD & LOQ) by RP-HPLC 

     Name of drug LOD(µg/ml) LOQ(µg/ml) 

Ambrisentan 0.02 0.2 

Tadalafil 0.08 0.8 

 

 

SUMMARY 

 Gives the general information on RP-HPLC and 

method development. 

 Discusses about drug profiles and official status 

of selected drugs i.e., Ambrisentan and Tadalafil 

 Explains in detail the previous literature 

available for drugs used for developed research 
work. 

 Gives in detail about the aim, objective and plan 

of the proposed work by using selected drugs. 

 Include RP-HPLC Method Development and 

Validation for Simultaneous Estimation of 

Ambrisentan and Tadalafil in Bulk and their 

Pharmaceutical dosage form. Using Shimadzu 

HPLC accomplished with Cap cell pack C18 

column with 20µl is injected eluted with the 

mobile phase containing 0.1% Triethyl amine 

pH=7.0 adjusted with Ortho phosphoric acid and 
Acetonitrile in the ratio of 60:40 v/v which is 

pumped at a flow rate of 1ml/min and detected 

by UV detector at 249nm.  The peak of 

Ambrisentan and Tadalafil were eluted at 

retention times of 2.921 min and 6.428 min 

respectively. 

 In this proposed HPLC method for the selected 

drugs showed good linearity. Results for the 

recoveries of selected drugs were found to be 

within limits (98 – 102 %).  These indicate that 

the proposed method was accurate for the 

analysis. 

 

CONCLUSION: 

The developed HPLC method for the estimation of 

selected drugs is simple, rapid, accurate, precise, 

robust and economical.  The mobile phase and 

solvents are simple to prepare and economical, 

reliable, sensitive and less time consuming. The 

sample recoveries were in good agreement with their 

respective label claims and they suggested non-

interference of formulation recipients in the 

estimation and can be used in laboratories for the 

routine analysis of selected drugs. 

Since the system validation parameters of HPLC 

method used for estimation of selected drugs in pure 

and have shown satisfactory, accurate and 

reproducible results (without any interference of 
recipients) as well, it is deduced that the simple and 

short proposed methods be most useful for analysis 

purpose. The present work concluded that assay 

method by RP-HPLC was simple, accurate, precise, 

and specific and has no interference with the placebo. 

Hence these can be used for routine analysis of 

Ambrisentan and Tadalafil. 

 

REFERENCES: 

1.  Drug Dictionary.com Unbridge Vol.1.1, Random 

house 20 September 2007. 
2. Similer R, Walsh G, Mattaliano RJ, Guziewicz N 

and Perez-Ramirez B (2008). Maximizing data 

collection and analysis during formulation of 

Biotherapeutic Proteins, Bioprocess International 

6(10), 38-45. 

3. Journals Ranked by Impact: Toxicology 2014. 

Journal Citation Reports. Web Sciences 

(Sciences ed.). Thomson Reuters 2015. 

4. Van Tellingen C, “Pliny’s pharmacopoeia or the 

Roman treat, Netherlands heart journal 15(3): 

118-20, March 2007. 
5.  Merriam Webster dictionary, 1828. 



IAJPS 2021, 08 (1), 2184-2197                     K. Sandhya Rani et al                           ISSN 2349-7750 

 
w w w . i a j p s . c o m  
 

Page 2197 

6. World Health Organization. Working document 

2011: Defination of Active Pharmaceutical 

Ingredient. Geneva, Switzerland: World Health 

Organization; 2011. 

7. Bhattacharyya, Lokesh, Schuder, Stefan, Sheehan, 
Catherine, William, Exipinets 

Background/Introduction in Katdare Ashok, 

Chaubal Mahesh. Excipents Development for 

Pharmaceutical, Biotechnology and Drug 

Delivery Systems 2006. 

8. Juran, Joseph M, A history of Managing for 

Quality. The evalution, trends and future 

directions of managing quality. Milwaukee, 

Wisconsin. The American society for quality 

control, ed.1995. 

9. Managing Quality across the Enterprise; Enterprise 

Quality Management Solution for medical device 
companies. Sparta systems 2015-02-02. 

10. Skoog Douglas A, West Donald M, Holler F, 

James Crouch, Stanley R. Fundamentals of 

Analytical chemistry, Belmont, Brokes/cole, 

Cengage Learning.p-1 (2014). 

11. Wolf, Jakob, Schnellkurs HGB-Jahresabschluss, 

Das neue Bilanzrecht, Richtig vorgehen-

erfolreich umstellen. Walhalla Fachverlag.p.90. 

15 January 2010. 

12.  Chromatography Hand Book of HPLC, Katz 

(Wiley & Sons); page no.14-16.2002. 
13.  Henry Richard L, “The early days of HPLC at 

Dupont” chromatography online. Avanstar 

communications Inc. 1 February 2009. 

14.  IUPAC, Compendium of Chemical Terminology, 

2nd ed. (the Gold Book) 1997. 

15. W.John Lough, Irving W.Wainer, High 

performance Liquid Chromatography 

Fundamental principles and practice. Blackie 

Academic & Professional pp.120. 

16. Practical HPLC method development and 

validation second edition Lloyd R. Synder, 

Jpseph J. Kirkland and Joseph L.Glaich pg no: 1-
3. 

17.  Emer Joachim, John H, McB Miller, Method 

Validation in Pharmaceutical Analysis. A Guide 

to best practice Wiley-VCH page no. 418. 

18.  IUPAC, Compendium of Chemical Terminology, 

2nd edition The gold book, 1997. 

19. Mac Dougall, Daniel, Crummett, Warren B et.al., 

“Guidelines for data acquisition and data quality 

evalution in environmental chemistry. 

Anal.chem.52:2242-49. 

20.  Method Validation; "Archived copy". Archived 
from the original on 11 September 2011. 

21.  Health Sciences Authority. "Guidance Notes on 

Analytical Method Validation: Methodology". 

22. Heyden, Y. Vander; S.W. Smith; et al. (2001). 

"Guidance for robustness/ruggedness tests in 

method validation". Journal of Pharmaceutical 

and Biomedical Analysis. Elsevier. 24 (5–6): 

723–753. 

23. Subcommittee E11.20 on Test Method Evaluation 

and Quality Control (2014), Standard Practice 
for Use of the Terms Precision and Bias in 

ASTM Test Methods, 

24. Lukacs, E. (1970) Characteristic 

Functions. Griffin, London. 

25. National Council on measutement in Education. 

http://www.ncme.org/ncme/NCME/Resource_Ce

nter/Glossary/NCME/Resource_Center/Glossary

.  

26. Bland, J.M.; Altman, D.G. (1996). Statistics 

notes: measurement error. BMJ. 312 (7047): 

1654.  

 

https://web.archive.org/web/20110911212217/http:/www.caspharma.com/Method-Validation/
http://www.caspharma.com/Method-Validation/
https://en.wikipedia.org/wiki/Health_Sciences_Authority
http://depa.pquim.unam.mx/amyd/archivero/Singapur:HSAGUIDE-MQA-012B-004Guidenotesonanalyticalmethodvalidation_2006.pdf
http://depa.pquim.unam.mx/amyd/archivero/Singapur:HSAGUIDE-MQA-012B-004Guidenotesonanalyticalmethodvalidation_2006.pdf
http://www.astm.org/Standards/E177.htm
http://www.astm.org/Standards/E177.htm
http://www.astm.org/Standards/E177.htm
http://www.ncme.org/ncme/NCME/Resource_Center/Glossary/NCME/Resource_Center/Glossary.
http://www.ncme.org/ncme/NCME/Resource_Center/Glossary/NCME/Resource_Center/Glossary.
http://www.ncme.org/ncme/NCME/Resource_Center/Glossary/NCME/Resource_Center/Glossary.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2351401
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2351401

	Chromatographic conditions:
	Preparation of standard stock solution
	Table: System suitability parameters for Ambrisentan and Tadalafil
	INTERMEDIATE PRECISION (DAY-DAY PRECISION):


