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CONDUCTOMETRIC DETERMINATION OF THE TWO ANGIOTENSIN-CONVERTING ENZYME 
INHIBITORS, RAMIPRIL AND ENALAPRIL MALEATE IN PURE FORM AND IN TABLETS USING 

PHOSPHOTUNGSTIC ACID

AFAFABOUL-KHIER ABDEL-MONEM, EMAN AHMED BAHGAT ASSAF*

Simple and sensitive conductometric method has been developed for the determination of ramipril and enalapril maleate using phosphotungstic 
acid (PTA) in pure form and in tablets. The proposed method is based on the conductometric determination of 5–20 mg and 7–20 mg of ramipril and 
enalapril maleate by titration with PTA in aqueous solution. All the reaction conditions for the proposed methods have been studied. The proposed 
methods were applied successfully for the determination of ramipril and enalapril maleate in tablets; the relative standard deviation values were 
not exceeding two for both drugs. The results obtained were compared statistically with those obtained by the reference method and showed no 
significant differences regarding accuracy and precision.
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INTRODUCTION

Ramipril is (2S,3aS,6aS)-1-[(S)-2-[[(S)-1-(ethoxycarbonyl)-3- phenylpropyl]
amino]propanoyl]octahydrocyclopenta[b]pyrrole-2- carboxylic acid [1], 
chemical structure is shown in Fig. 1. It is an angiotensin-converting 
enzyme (ACE) inhibitor used in the treatment of hypertension, heart 
failure, and after myocardial infarction to improve survival in patients 
with clinical evidence of heart failure [2].

Many methods have been described for the determination of 
ramipril. Concerning the chromatographic methods, it has been 
determined in pharmaceutical preparations or biological fluids either 
alone or combination with other drugs by high-performance liquid 
chromatography (HPLC) [4-7]. Furthermore, HPTLC methods have 
been reported [8,9].

Literature described different spectroscopic methods for determination 
of ramipril including spectrophotometric methods [10-17], and also 
derivative spectrophotometric methods [18,19], and chemometric 
methods [20] have been reported.

Other reported techniques were voltammetry [21,22], 
potentiometry [23], conductometry [24], and capillary electrophoresis 
methods [25] have been applied for the determination of ramipril.

Enalapril maleate is ((S)-1-{N-[1-(ethoxy carbonyl)-3-phenylpropyl]-L-
alanyl}-L-proline, (Z)-2-butenedioate), chemical structure is shown in 
Fig. 2. It is a prodrug that is hydrolyzed in the body to enalapril at which 
is an inhibitor of ACE.

The USP 24 describes HPLC method for its quantitative estimation [3]. 
Quantitative determination of enalapril maleate can be carried out 
by various reported methods such as HPLC [26-30], capillary zone 
electrophoresis method [31], polarography [32], atomic absorption 
spectroscopy [12], and membrane selective electrodes [33]. Some 
spectrophotometric methods have also been reported for quantitative 

estimation of enalapril maleate in bulk and dosage forms [12,34-39]. 
Different spectrophotometric method [40] has also been reported.

Precipitimetry conductometric titrations using phosphotungstic acid 
(PTA) as titrant are commonly used for the quantitative determination 
of different compounds, e.g. reproterol HCl, pipazethate HCl, salbutamol 
sulfate [41], papaverine hydrochloride [42], and dextromethorphan [43].

Phosphotungstic acid was also used in the spectrophotometric 
estimation of mebikar [44].

In this study, a simple and accurate conductometric method has been 
proposed for determining ramipril and enalapril maleate, based on the 
conductometric titration with PTA. The proposed methods have been 
applied to the assay of ramipril and enalapril maleate in tablets.

METHODS

Materials and reagents
•	 All	 solvents	 and	 reagents	were	of	 analytical	 grade,	 and	double	

distilled water was used throughout the work.
•	 Ramipril	and	enalapril	maleate	(Egyptian	group	for	pharmaceutical	

industries Co., El-Obour city, Egypt).
•	 PTA	(scientific	limited,	Northampton,	UK)

Pharmaceutical preparation
•	 Tritace	protect	 tablets	 (Sanofi-aventis	Egypt	 s.a.e.,	 El	 Sawah	El	

Amiriya, Egypt) labeled to contain 10 mg ramipril per tablet.
•	 Enalapril	maleate	 tablets (October Pharma S.A.E, 6 October City, 

Egypt) labeled to contain 20 mg enalapril maleate per tablet.

Instrumentation
•	 JENWAY	model	 470	 conductivity/TDS	meter	 (470	 201),	with	

Conductivity/temperature	probe	(027	298)	was	used.

General procedures
Preparation of stock and standard working solutions
1) Ramipril
Working	standard	solution	of	1	mg/ml	(2.4×10−3 M) was prepared by 
dissolving 100 mg of the pure drug in the least amount of methanol 
then completing to 100 ml with double distilled water.
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The B P [1] proposes a potentiometric titration technique for
 the determination of Ramipril. Titration was done using 0.1 M
 sodium hydroxide. The volume added was recorded at the
 second point of inflection. The USP [3], however, describes 
a more complicated chromatographic procedure.
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Enalapril maleate
Working	standard	solution	of	1	mg/ml	(2.03×10−3 M) was prepared by 
dissolving 100 mg of the pure drug in 100 ml double distilled water.

PTA acid
Working	solution	1×10−3 M prepared by dissolving 0.288 g in double 
distilled water then completing to 100 ml with double distilled water.

Construction of calibration curves

Aliquots of sample solution containing 5–20 mg and 7–20 mg of 
ramipril and enalapril maleate respectively were transferred to a 50 ml 
calibrated flask; volume was made up to the mark using double distilled 
water. The contents of the calibrated flask were transferred to a beaker, 
and the conductivity cell was immersed.

PTA was used as titrant; the conductance was measured subsequent 
to each reagent solution addition, and after stirring for 2 min, the 
conductance was corrected for dilution [45] by means of the following 
equation, assuming that conductivity is a linear function of dilution.

A graph of corrected conductivity versus the volume of added titrant 
was constructed, and end-point was determined conductometrically.

The amount of drugs under study was calculated according to the 
following equation:

Amount	of	drug	=VMR/N

Where	V	is	volume	of	titrant,	M	is	molecular	weight	of	drug,	R	is	molar	
concentration of titrant, and N is no of moles of titrant consumed by 
one mole of drug.

Determination of stoichiometric balance using Job’s method [46]
6 mL of 10−3M ramipril and enalapril maleate were transferred to 50 
mL volumetric flasks, and the volumes were made up to the mark with 
double distilled water. The contents were transferred to a beaker, and 
the conductivity cell was immersed.

10−3 M PTA was used for titration. The conductance was measured 
subsequent to each reagent solution addition and after thorough stirring 
for 2 min. A graph of conductivity versus volume was constructed.

Curve break is observed at drug-reagent molar ratio of 3:1.

Procedure for tablets
The contents of 10 tablets were pulverized, an accurately weighed 
amount equivalent to 100 mg of the studied drugs were extracted by 

shaking with 50 ml double distilled water for enalapril maleate while 
for ramipril, it was extracted with, least amount of methanol then these 
contents were transferred to a 100 ml volumetric flask, completed to 
the mark using double distilled water then filtered.

RESULTS AND DISCUSSION

On using PTA as a titrant for the determination of ramipril and enalapril 
maleate, ion associate is formed leading to a regular rise in conductance 
up to the equivalence point where a sudden change in the slope occurs.

Representative titration curve is shown in Figs. 3 and 4. Two straight 
lines are obtained, intersecting at the end-point. The conductance 
measured before the addition of the titrant (volume of PTA equals zero) 
is mainly due to the presence of ramipril and enalapril maleate. On 
adding PTA, an ion associate is formed between both drugs and PTA 
and the conductivity increases [47]. After the endpoint, more reagent 
acid is added, and the conductivity increases more rapidly. The reaction 
may be represented by the following equations:

3 Ramipril + [PTA]−3→[Ramipril]+3 [PTA]−3

3 Enalapril maleate+[PTA]−3→[Enalapril	maleate]+3 [PTA]−3

The results from the conductometic titrations are summarized in 
Table 1. The data show that accurate results were obtained with good 
recoveries and low standard deviation (SD) values. The optimum 
concentration ranges for determination of the cited drug were in 
the range of 5–20 mg and 7–20 for ramipril and enalapril maleate, 
respectively. At such ranges, sharp inflections and stable conductance 
reading were obtained.

Investigations were carried out to establish the most favorable 
conditions for the reaction to attain endpoint. The influence of some 
variables on the reaction has been tested, and the optimum conditions 
for performing the titration in a quantitative manner were elucidated 
as described below.

Fig. 1: Chemical structure of ramipril

Fig. 2: Chemical structure of enalapril maleate

Fig. 3: Conductometric titration of 10 mg of ramipril using 1×10−3 
M phosphotungstic acid

Fig. 4: Conductometric titration of 20 mg of enalapril maleate 
using 1×10−3 M phosphotungstic acid
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Titrations in different media were attempted to obtain the best 
results. Preliminary experiments in
1. Aqueous solutions of both drug and reagent,
2.	 Drug	and	reagent	solutions	in	ethanol-water	(50%,	v/v)	mixture,
3. Methanolic solutions of both drug and reagent,
4.	 Drug	and	reagent	solutions	in	methanol-water	(50%	v/v)	mixture,
5.	 Drug	and	reagent	solution	in	acetone-water	(50%	v/v)	mixture.

Preliminary experiments showed that procedure in aqueous media 
was the most suitable for successful results for the cited drug (higher 
conductance and most sharp endpoint.).

Reagent’s concentration
The optimum concentration of PTA was 10−3 M to achieve a constant and 
highly stable conductance reading after 2 min mixing. Concentrations 
less than these gave unstable readings and more time was needed to 
obtain constant conductance values.

Method validation
The developed methods were validated according to ICH guidelines [48]. 
The linearity range of conductivity as a function of drug concentration 
(Tables 1 and 2) provides an accurate measure of sensitivity of reagents 
used. Calibration curves have determination coefficients (R2) higher 
than 0.999 indicating good linearity. According to ICH guidelines, the 
obtained values indicated a high sensitivity of the proposed methods. 
Statistical comparison of the results obtained from the analysis of the 
studied drug by the proposed method to those of reference method [1] 
using t- and F-tests, showed no significant difference between them 
(Table 3). Accuracy of the methods was expressed as the mean recovery 
percentage (average of four replicates within Beer’s law limits) while 
the precision was expressed as the relative SD percentage (Table 4).

CONCLUSION

The simple and rapid procedure described in this chapter can be an 
alternative to the more complex and expensive methods for assay of 

Table 1: Conductometric determination of ramipril and enalapril maleate in their pure forms using 1×10−3M PTA

Ramipril Enalapril maleate

Taken (mg) Found %* Taken (mg) Found %*
5 100.00 7 101.26
7 98.21 10 100.47
10 100.00 12 99.73
12 99.96 15 98.52
15 98.33 17 100.87
20 99.96 20 98.99
Mean±SD 99.41±0.884 99.92±1.08
n 6 6
V 0.78 1.17
SE 0.36 0.44
RSD 0.88 1.08
SD: Standard deviation, RSD: Relative standard deviation, SE: Standard error, PTA: Phosphotungstic acid

Table 2: Conductometric determination of ramipril and enalapril maleate in their tablets dosage forms using 1×10−3 M PTA

Ramipril Enalapril maleate

Tritace protect tablet Enalapril maleate tablet

Conc (mg) Recovery %* Conc. (mg) Recovery %*
5 100.00 10 100.44
7 99.10 12 99.75
15 99.96 15 99.01
17 100.42 17 99.13
20 99.96 20 100.47
Mean±SD 99.89±0.481 99.76±0.694
n 5 5
V 0.231 0.481
SE 0.196 0.310
RSD 0.48 0.692
SD: Standard deviation, RSD: Relative standard deviation, SE: Standard error, PTA: Phosphotungstic acid

Table 3: Statistical analysis of results obtained by the proposed method, applied on Tritace® protect tablets compared with the reference 
method

Parameters Ramipril Enalapril maleate

Reference method [1] Proposed method Reported method [39] Proposed method
N 3 5 6 5
Mean recovery 101.00 100.14 100.215 99.76
Variance 1.08 0.614 1.807 0.481
±SD 1.04 0.78 1.344 0.694
±RSD 1.03 0.78 1.347 0.692
±SE 0.60 0.32 0.549 0.310
Student-t [49] 1.346 (2.447) 0.681 (2.262)a

F-test [49] 1.77 (2.417) 3.756 (5.19)b

a and b are the theoretical student t-values and F-ratios at P 0.05. SD: Standard deviation, RSD: Relative standard deviation, SE: Standard error
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ramipril and enalapril maleate. The proposed method is easy and very 
useful for the determination of the studied drugs in pharmaceutical 
formulations and can be applied in laboratories for routine analysis.

REFERENCES

1. Her Majesty’s Stationary Office. British Pharmacopoeia. Vol. -. 
London: Her Majesty’s Stationary Office; 2009.

2. Sweetman SC. Martindale: The Complete Drug Reference. 6th ed. 
London, Chicago: Pharmaceutical Press; 2009.

3. The United States Pharmacopoeia. The National Formulary, United 
States Pharmacopoeial Convention. 28th Revision. The United States 
Pharmacopoeia; 2005. p. 730.

4. Elshanawane AA, Abdelaziz LM, Kamal MM, Hafez HM. Quantitative 
determination of telmisartan, Ramipril, amlodipinebesylate, and 
atorvastatin calcium by HPLC. J Liq Chromatogr Rel Technol 
2014;37:195-206.

5. Madhavi A, Shetty AS. Simultaneous determination and validation of 
ramipril and hydrochlorthiazide by RP-HPLC method. Int J Chemtech 
Res 2017;10:321-5.

6. Baing MM, Vaidya VV, Sane RT, Menon SN, Dalvi K. Simultaneous 
RP-LC determination of losartan potassium, Ramipril, and 
hydrochlorothiazide in pharmaceutical preparations. Chromatographia 
2006;64:293-6.

7. Rao JV, Pilli NR, Inamadugu JK, Mullangi R, Karra VK, Vaidya JR. 
Simultaneous determination of atorvastatin, amlodipine, Ramipril and 
benazepril in human plasma by LCMS/MS and its application to ahuman 
pharmacokinetics tudy. Biomed Chromatographia 2011;25:439-49.

8. Dimal SA, Jaydeep BU, Kashyap BK, Sunil BL, Usmangani CK. 
Simultaneous estimation of amlodipinebesylate and Ramipril in 
pharmaceutical formulation by thin layer chromatographic method. 
Novel Sci IJPS 2012;1:33-9.

9. Sivasubramanian L, Lakshmi KS. Simultaneous estimation of 
irbesartan, telmisartan, hydrochlorothiazide and Ramipril in combined 
dosage forms by validated HPTLC method. J Anal Pharm Res 
2017;4:00112.

10. Blaih SM, Abdine HH, El-Yazbi FA, Shaalan RA. Spectrophotometric 
determination of enalaprilmaleate and ramipril in dosage forms. 
Spectrosc Lett 2000;33:91-102.

11. Elazazy MS, El-Mammli M, Shalaby A, Ayad MM. Application 
of certain ion pairing reagents for extractive spectrophotometric 
determination of flunarizine hydrochloride, Ramipril and terbinafine 
hydrochloride. Biosci Biotechnol Res Asia 2008;5:107-14.

12. Ayad MM, Shalaby AA, Abdellatef HE, Hosny MM. Spectrophotometric 
and AAS determination of Ramipril and enalapril through ternary 
complex formation. J Pharm Biomed Anal 2002;28:311-21.

13. Al-Majed AA, Belal F, Al-Warthan AA. Spectrophotometric 
determination of ramipril (a novel ACE inhibitor) in dosage forms. 
Spectrosc Lett 2001;34:211-20.

14. Rahman N, Rahman H, Azmi SN. Kinetic spectrophotometric 
determination of ramipril in commercial dosage forms. World Acad Sci 
Eng Technol 2006;13:200-6.

15. Abdellatef HE. Spectrophotometric and spectrofluorimetric methods for 
the determination of Ramipril in its pure and dosage form. Spectrochim 
Acta 2007;66:701-6.

16. Al-Majed AA, Al-Zehouri J. Use of 7-fluoro-4-nitrobenzo-oxo-1,3-
diazole (NBD-F) for the determination of Ramipril in tablets and spiked 
human plasma. J Il Farmaco 2001;56:291-6.

17. Rahman N, Ahmad Y, Azmi SN. Kinetic spectrophotometric method for 
the determination of Ramipril in pharmaceutical formulations. AAPS 
Pharm Sci Technol 2005;6:E543-51.

18. Erk N. Ratio-spectrazero-crossingderivativespectrophotometricdet
ermination of certain drugs in two component mixtures. Anal Lett 
1999;32:1371-88.

19. Iftequar S, Swaroop L, Zaheer Z, Shahid M, Imran S, Dehghan MH. 

UV Spectrophotometric methods for estimation of Ramipril in 
pharmaceutical dosage form by absorption maxima method and area 
under curve. Int J Drug Dev Res 2012;4:286-90.

20. Sivasubramanian L, Lakshmi KS. Spectrophotometric multicomponent 
analysis of Irbesartan, hydrochlorothiazide and Ramipril in 
pharmaceutical formulations by chemometric techniques. J Anal Pharm 
Res 2016;2:00019.

21. Al-Majed AA, Belal F, Abadi A, Al-Obaid AM. The voltammetric study 
and determination of Ramipril in dosage forms and biological fluids. Il 
Farmaco 2000;55:233-8.

22. Belal F, Al-Zaagi IA, Abounassif MA. Voltammetric determination of 
benazepril and Ramipril in dosage forms and biological fluids through 
nitrosation. J AOAC 2001;84:1-8.

23. Stefan RI, van Staden JF, Baiulescu GE, Aboul-Enein HY. Potentiometric, 
enantioselective membrane electrode for S-Ramiprilassay. Chem Anal 
(Warsaw) 1999;44:417-22.

24. Elazazy MS, El-Mammli MY, Shalaby A, Ayad MM. Conductometric 
determination of some important carboxylic acid derivatives and 
hydrochlorides in pharmaceutical formulations. Chem Anal (Warsaw) 
2008;53:725-36.

25. Gotti R, Andrisano V, Cavrini V, Bertucci C, Fulanetto S. Analysis of 
ACE inhibitors by CE using alkyl sulfonic additives. J Pharm Biomed 
Anal 2000;22:423-31.

26. Pilatti C, Ercolano I, Del M, Torre C, Chiale C, Spinetto M. Search 
for related substance in market products containing enalaprilmaleate as 
active principle. Drug Dev Ind Pharm 1999;25:807-11.

27. Tajerzadeh H, Hamidi MA. Simple HPLC method for quantitation of 
enalaprilat. J Pharm Biomed Anal 2001;24:675-80.

28. Anzenbecherova E, Anzenbacher P, Macek K, Kvetina J. Determination 
of enzyme (angiotensine convertage) inhibitors based on enzymatic 
reaction followed by HPLC. J Pharm Biomed Anal 2001;24:1151-6.

29. Gu Q, Chen X, Zhong D, Wang Y. Simultaneous determination of 
enalapril and enalaprilat in human plasma by liquid chromatography 
tendem mass spectrometry. J Chromatogr B 2004;813:337-42.

30. Koppala S, Reddy VR, Anireddy JS. User-friendly HPLC method 
development and validation for determination of enalaprilmaleate and 
its impurities in enalapril tablets. J Chromatogr Sci 2017;55:979-88.

31. Quin XZ, Dominic PI, Tsai EW. Determination and rotamer separation 
of enalaprilmaleate by capillary electrophoresis. J Chromatogr A 
1992;626:251-8.

32. Razak OA, Belal SF, Bedair MM, Barakat NS, Haggag RS. 
Spectrophotometric and polarographic determination of enalapril 
and Lisinopril using 2,4-dinitrofluorobenzene. J Pharm Biomed Anal 
2003;31:701-11.

33. Aboul-Enein HY, Bunaciu AA, Bala C, Fleschin S. Enalapril and 
Ramipril selective membranes. Anal Lett 1997;30:1999-2008.

34. Davidson AD. Ultraviolet-visible spectrophotometry. In: Backett AH, 
Stenlake JB, editors. Practical Pharmaceutical Chemistry. Part II. 1st Indian 
Edition. New Delhi: CBS Publishers and Distributors; 1997. p. 308.

35. Chandwani OD, Dahibhati PP, Kadam SS, Dhaneshwar SR. 
Simultaneous spectrophotometric estimation of enalaprilmaleate and 
hydrochlorothiazide. Indian Drugs 1996;33:401-2.

36. Ayad MM, Shalaby AA, Abdellatef HE, Hosny MM. Spectrophotometric 
methods for determination of enalapril and timolol in bulk and in drug 
formulations. Anal Bioanal Chem 2003;375:556-60.

37. Stanisz B. The application of VIS spectrophotometric determination of 
enalaprilmaleate in substance, in tablets and estimation of ester group 
stability. Acta Poloniae Pharm 1999;56:431-4.

38. Rahman N, Haque SM. Optimized and validated spectrophotometric 
methods for the determination of enalaprilmaleate in commercial 
dosage forms. Anal Chem Insights 2008;3:31-43.

39.	 Gherman	 S,	 Zavastin	 D,	 Şpac	 A,	 Dorneanu	 V.	 Development	 and	
validation of UV spectrophotometric method for determination 
of enalapril maleate from commercial dosage forms. Farmacia 
2015;63:934-7.

Table 4: Evaluation of the interday and intraday precisions and accuracy for ramipril and enalapril maleate obtained by the proposed method

Drug Taken conc  
(µg/ml)

Interday Intraday

Recovery (%)* Precision  
(RSD%)* 

Accuracy (Er%) Recovery (%)* Precision  
(RSD %)*

Accuracy (Er%)

Ramipril 10 99.69 1.2 -0.31 100.31 0.72 0.31
Enalapril maleate 10 100.08 1.41 0.08 100.44 1.2 0.44
RSD%: Percentage relative standard deviation. Er%: Percentage relative error. *Mean of five determination



Innovare Journal of Medical Science, Vol 6, Issue 1, 1-5
 Abdel-Monem and Assaf 

5

40. Patil PS, More HN. Differences pectrophoto metric estimation of 
enalaprilmaleate from tablet dosage form. Int J Res Pharm Biomed Sci 
2011;2:629-33.

41. Issa YM, Shoukry AF, El-Nashar RM. Conducti metric determination 
of reproterol HCl and pipazethate HCl and salbutamol sulphate in their 
pharmaceutical formulations. J Pharm Biomed Anal 2001;26:379-86.

42. El-Nashar RM, Rizk MS, Abdel-Ghani NT, Hamed SM. Flow-injection 
potentiometric and conducto metric determination of papaverine 
hydrochloride in the parent substance and a related pharmaceutical 
preparation. Pharm Chem J 2007;41:447-54.

43. Khaled E, Hassan HN, Mohamed GG, Ragab FA, Seleim AE. Conducto 
metric determination of dextromethorphan hydro bromide. Ana Chem 
2011;10:134-40.

44. Kostebelov NV, Shormanov VK, Prokopov AA, Berlyand AS. 

Spectrophotometric estimation of mebikar. Pharm Chem J 2000;34:623.
45. Lingane JJ. Electroanalytical Chemistry. 2nd ed. New York: Interscience; 

1958.
46. Vosburg WC, Cooper GR. Complex ions. I. The identification of 

complex Ions in solution by spectrophotometric measurements. J Am 
Chem Soc 1941;63:437-42.

47. Bahbouh MS, Salem AS, Issa MY. Spectrophotometric and conducti 
metric determination of dipyridamole in pure and dosage forms 
using chromotrope 2B and phosphotungstic acid. Mikrochimica Acta 
1998;128:57-63.

48. ICH. Guidance for Industry: Q2B of Analytical Procedures; 
Methodology: International Conference of Harmonization (ICH); 1996.

49. Harvey D. Modern Analytical Chemistry. 1st ed. New York: McGraw-
Hill Companies; 2002.


