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Abstract: Our main target was to develop methods for the quality control of the tablet «ramipril»
according to the indicators of «Quantitative determination», «Impurities» and «Dissolution». New,
precise, accurate and green HPLC methods were developed for the determination of ramipril and
its impurities in tablets. The separation was accomplished using a diode array detector at 210 nm
with an isocratic and gradient mobile phase consisting of a 0.2 g/L solution of sodium
hexanesulfonate (pH 2.7) and the acetonitrile and chromatographic columns Acclaim 120 C18 and
Inertsil ODS-3. The developed method was validated in accordance with ICH guidelines. The
analysis of impurities was performed within a run duration of less than 25 min, which is about a
two times shorter than that of the official Ph. Eur. method. The analysis of ramipril in tablets was
performed with a run duration of less than 4.5 min, which is about three times shorter than that of
the official USP method. The developed methods were successfully applied for the quality control
of the tablet «ramipril» according to the indicators of «Quantitative determination», «Impurities»
and «Dissolution». In addition, they proved its superiority over the reported methods in terms of
greenness using different assessment tools.
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1. Introduction

The quality indicators of medicinal products, which ensure their effectiveness and
safety, are established in the registration documentation and the pharmacopoeia.
Moreover, the quality of medicinal products is established at the stage of pharmaceutical
development, for which a general methodological approach and special approaches are
defined in relation to different dosage forms, generic drugs, original drugs, etc.
Pharmaceutical enterprises with a large product portfolio are faced with the problem of
significant time consumption and the need to involve additional units of equipment for
routine drug control. Therefore, quality control methods need constant review and
optimization with the involvement of modern technical means. The development and
optimization of such analytical methods allow significant reductions in time spent on the
analysis and preparation/regeneration of equipment/chromatographic columns, as well
as reductions in the cost of the quality control of medicinal products. Taking into account
the new approaches to ensuring the quality of API and dosage forms, there is a need to
create analytical methods that meet the current requirements of the pharmaceutical
regulations of Ukraine, EU countries, the USA, etc., in terms of quality control, as the
approaches that were used 10 years ago are now somewhat outdated. To ensure
regulatory compliance, there is a need to refine existing methods, and in some cases, to
develop new ones.
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Hypertension is the most common disease, which is accompanied by high mortality
among people of working age and by disabilities from cardiovascular and cerebrovascular
diseases [1]. The attention of researchers is focused on the study of methods of the analysis
of angiotensin converting enzyme (ACE) inhibitors in medicines and their optimization.
Ramipril is a prodrug and nonsulfthydryl ACE inhibitor with antihypertensive activity [2].
Its chemical name is (25,3a5,6aS)-1-[(25)-2-[[(25)-1-ethoxy-1-0x0-4-phenylbutan-2-
yllamino]propanoyl]-3,34,4,5,6,6a-hexahydro-2H-cyclopenta[b]pyrrole-2-carboxylic acid.
Ramipril is sparingly soluble in water and freely soluble in methanol, pKal = 3.74
(caboxylic acid); pKa2 =5.15 (secondary amine), Log P=2.9 [2,3]. There are a few analytical
methods for the simultaneous determination of ramipril with other active substances and
for the quantification of ramipril alone [4-21]. However, the presented existing analytical
methods often have limited application due to having inconsistently sufficient sensitivity,
specificity, high time consumption, a long-term and non-compliance with the principles
of «green» chemistry. Therefore, the development of new methods and the optimization
of existing methods of the quality control of dosage forms of ramipril is an urgent problem
that is planned to be worked on during the implementation of this work.

The monograph of ramipril from the European Pharmacopoeia (Ph. Eur.) [3] and US
Pharmacopoeia (USP) [22] prescribes the HPLC method for testing the impurities of
ramipril as an active substance [3] and of tablets of ramipril [22]. The disadvantages of
this method are the following: a long run time (about 50 min) and the consumption of a
considerable volume of mobile phase per single run. The monograph of ramipril from the
Ph. Eur. [3] prescribes the titrimetric method (alkalimetry) for the assay of ramipril as an
active substance. The disadvantage of this method is the impossibility of using dosage
forms of ramipril for assay.

The aim of this study was to develop methods for the quality control of tablets of
«ramipril» according to the indicators of «Quantitative determination», «Impurities» and
«Dissolution». The present study describes a new HPLC method that is intended for
routine use in quality control laboratories.

2. Materials and Methods
2.1. Chemicals and Reagents

Ramipril (purity >98% (HPLC)) was purchased from AARTI Industries Limited
(India). Ramipril tablets of 2.5 mg, 5 mg, 10 mg were purchased from a local pharmacy.
Standards of the active substance ramipril and its four specified impurities, ramipril
impurity A, ramipril impurity B, ramipril impurity C and ramipril impurity D, were
supplied by EDQM and USP.

The used chemicals, acetonitrile, sodium hexanesulfonate and phosphoric acid, were
gradient grade, purchased from Merck, Darmstadt, Germany. The demineralized water
that was used for analyses was an in-house product of Stilman with a conductivity of less
than 0.5 uS/cm.

2.2. Instrumental

The following HPLC columns were used: Inertsil ODS-3 150 mm x 4.6 mm, 3 pm, and
Acclaim 120 C18 250 mm x 4.6 mm, 5 pum. The used columns were purchased from GL
Sciences, Tokyo, Japan and Thermo Fisher Scientific, Vantaa, Finland.

In this research, the Agilent 1260 Infinity II LC System with a diode array detector
controlled by ChemStation Rev. C.01.07 SR1 and Agilent 1200 Infinity with a diode array
detector were used (Agilent Technologies, Inc. Santa Clara, CA, United States).

The following additional instrumental equipment was used: analytical balance
Mettler Toledo XPE-205 (Mettler-Toledo International Inc. Greifensee, Switzerland), pH
meter Mettler Toledo Seven Easy (Mettler-Toledo International Inc. Greifensee,
Switzerland), dissolution tester Erweka DT 820 (ERWEKA GmbH, Langen Germany), US
bath Elmasonic P (Elma Schmidbauer GmbH, Singen, Germany) and IKA orbital shaker
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HS260 (IKA Werke GmbH & Co. KG, Staufen im Breisgau, Germany). The regenerated
cellulose (RC) 0.45 um syringe filters were purchased from Agilent Technologies.

2.3. Sample Preparation and Chromatographic Conditions

2.3.1. Sample Preparation and Chromatographic Conditions for Determination of
Impurities of Ramipril in Tablets

For mobile phase A, the pH of a solution of 0.2 g/L of sodium hexanesulfonate was
adjusted to 2.7 with phosphoric acid R (for example, 200 mg of sodium hexanesulfonate
R is dissolved in 1000 mL of water, and the pH is adjusted to 2.7 with phosphoric acid).

Mobile phase B— Acetonitrile.

Solvent (SLV) —mobile phase A: mobile phase B (1:1 (v/v)).

Preparation of test solution. A solution was prepared with a concentration of 0.5 mg/mL
of ramipril in a SLV.

Preparation of reference solution (a). A solution was prepared containing 2 mg/mL CRS
ramipril impurity A, 2 mg/mL CRS ramipril impurity B, 2 mg/mL CRS ramipril impurity
C, 2 mg/mL CRS ramipril impurity D and 2 mg/mL CRS ramipril in a SLV.

Preparation of reference solution (b). A solution was prepared with a concentration of
2.5 pg/mL of ramipril in a SLV.

Chromatography was carried out on a liquid chromatograph with a
spectrophotometric detector under the following conditions: a 150 mm x 4.6 mm
octadecylsilyl column, 3 um (Inertsil ODS-3); a flow rate of 1.5 mL/min; detection at 210
nm; a column temperature of (45 + 1) °C; injection with 20 uL; and elution mode: gradient
according to the following program (Table 1):

Table 1. Gradient mode for the HPLC method for analysis of ramipril impurities in tablets.

Time, min Mobile Phase A, % Mobile Phase B, %
0 86 14
6 86 14
18 39 61
20 39 61
22 86 14
25 86 14

The chromatographic system was considered suitable if the following requirements
were met:

-Reference solution (a)

The separation factor between the peaks of ramipril of impurity A and ramipril
should be at least 1.5.

The separation factor between the peaks of ramipril of impurity B and ramipril
should be at least 1.5.

The calculation does not include peaks with a relative retention time of up to 0.2
(placebo and mobile phase peaks) and peaks present in the chromatogram of the SLV. The
limit of quantification of unidentified impurities is 0.09%.

2.3.2. Sample Preparation and Chromatographic Conditions for Quantitative
Determination of Ramipril in Tablets

Mobile phase A, mobile phase B and the solvent were the same as those in SubSection
2.3.1.

Preparation of test solution. A solution was prepared with a concentration of 0.1 mg/mL
of ramipril in a SLV.

Preparation of reference solution. A solution was prepared with a concentration of 0.1

mg/mL of CRS ramipril in a SLV.
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Chromatography was carried out on a liquid chromatograph with a
spectrophotometric detector under the following conditions: a 250 mm x 4.6 mm
octadecylsilyl column, 5 pm (Acclaim 120 C18); a flow rate of 1.0 mL/min; a detection at
210 nm; a column temperature of (45 = 1) °C; injection with 3 pL; elution mode: isocratic;
and mobile phase—mobile phase A: mobile phase B (1:1 (v/v)). The chromatographic
system was considered suitable if the following requirements were met:

-Reference solution (b)

The efficiency of the chromatographic column, calculated from the ramipril peak,
should be at least 2000 theoretical plates.

The relative standard deviation calculated for the peak areas of ramipril should not
be more than 1.0%.

The content of ramipril in a tablet should be from 2.25 to 2.625 mg (for dosage form
2.5 mg), 4.5 mg to 5.25 mg (for dosage form 5 mg) and 9.0 mg to 10.5 mg (dosage form 10
mg) based on the average weight of one tablet.

2.3.3. Sample Preparation and Chromatographic Conditions for Quantitative
Determination of Ramipril in «Dissolution Test»

The dissolution medium was a 0.1 M solution of hydrochloric acid, the volume of the
dissolution medium was 500 mL, the rotation speed was 50 rpm, and the dissolution time
was 30 min. Apparatus 2 (Paddle) was used.

Preparation of test solution. One tablet was placed in the vessel of the dissolution
apparatus. After 30 min, 25 mL of the solution was taken from the center of the vessel of
the dissolution apparatus and filtered through a membrane filter with a pore size of 0.45

um, discarding the first portions of the filtrate (dilution coefficient: DF; = ﬁ).

Preparation of reference solution. A solution was prepared with a concentration of 5
ug/mL (for dosage form 2.5 mg/tablet) or 10 pug/mL (for dosage form 5 mg/tablet) or 20
ug/mL (for dosage form 10 mg/tablet) of CRS ramipril in a 0.1 M solution of hydrochloric
acid.

Chromatography was carried out on a liquid chromatograph with a
spectrophotometric detector under the conditions described in SubSection 2.3.2.

The amount of ramipril that went into the solution in 30 min should be at least 80%
(Q) of the content of the active substance in one tablet.

2.4. Validation of HPLC Method

All validation was carried out in accordance with the requirements of the ICH
Validation of Analytical Procedures: Text and Methodology, Q2 (R1) [23].

2.4.1. Validation of HPLC Method for the Determination of Impurities of Ramipril in
Tablets

To study the specificity, the absence of the interference of the peaks of ramipril and
its specified impurities with the peaks of the SLV and components of the drug was
checked.

To study the linearity, 9 solutions containing the following range of concentrations
of analytes in the SLV were prepared:

Ramipril impurity A: 0.29 pg/mL-6.84 ug/mL (equivalent to an impurity content of
0.06-1.37%).

Ramipril impurity B: 0.26 pg/mL-6.33 pug/mL (equivalent to an impurity content of
0.05-1.27%).

Ramipril admixture C: 0.30 pg/mL-7.23 ug/mL (equivalent to an admixture content
of 0.06-1.45%).

Ramipril impurity D: 2.53 pg/mL-60.60 pg/mL (equivalent to the impurity content of
0.51-12.12%).

Ramipril: 0.25 pg/mL-30.29 ug/mL (equivalent to an impurity content of 0.05-6.06%).
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To check the accuracy, 9 model solutions were prepared (3 concentration levels, 3
solutions for each level) containing a known addition of impurities to the test solution,
along with 3 parallel test solutions without the additive. Solutions were prepared for each
of the 3 dosages.

Precision was studied at the level of repeatability and intermediate precision. Under
the conditions of repeatability, 6 parallels of the tested solution were prepared for each of
the 3 dosages. Under the conditions of intermediate precision, 12 parallels of the tested
solution were prepared for each of the 3 dosages.

2.4.2. Validation of HPLC Method for the Quantitative Determination of Ramipril in
Tablets

To study the specificity, the absence of the interference of the peaks of ramipril with
the peaks of the SLV and components of the drug was checked.

To study linearity, 7 solutions were prepared containing ramipril at a concentration
of 0.066 mg/mL-1.137 mg/mL (corresponding to 66%—137% of the nominal concentration
of ramipril in the test solution)

To check the accuracy, 9 model solutions were prepared (3 concentration levels, 3
solutions for each level). Solutions were prepared for each of the 3 dosages.

Precision was studied at the level of repeatability. Under conditions of repeatability,
6 parallels of the tested solution were prepared for each of the 3 dosages.

2.4.3. Validation of HPLC Method for the Quantitative Determination of Ramipril in
«Dissolution Test»

To study the specificity, the absence of theinterference of the peaks of ramipril with
the peaks of the solvent, dissolution media and components of the drug was checked.

To study linearity, 7 solutions were prepared containing ramipril at a concentration
of 2.5 pg/mL-254 ug/mL (corresponding to a range from 51% of the nominal
concentration of ramipril in the test solution for 2,5 mg/tablet to 127% of the nominal
concentration of ramipril in the test solution for 10 mg/tablet)

To check the accuracy, 9 model solutions were prepared (3 concentration levels, 3
solutions for each level). Solutions were prepared for each of the 3 dosages.

Precision was studied at the level of repeatability. Under conditions of repeatability,
6 parallels of the tested solution were prepared for each of the 3 dosages.

3. Results
3.1. HPLC Method Development

The first step in the development of methods for the quality control of «ramipril»
tablets is the creation of an HPLC method that is suitable for routine use in quality control
laboratories according to «Quantitative determination», «Impurities» and «Dissolution».

3.1.1. HPLC Method Development for the Determination of Impurities of Ramipril in
Tablets

A precise and accurate green HPLC method was developed for the determination of
impurities of ramipril in pharmaceutical dosage forms. A gradient mobile phase
consisting of a 0.2 g/L solution of sodium hexanesulfonate (pH 2.7), acetonitrile, at a flow
rate of 1.5 mL/min and ambient temperature was used for the analysis on an Inertsil ODS-
3 (150 x 4.6 mm, 3 um) column (Figure 1). The total run time was about 25 min. The
injection volume was 20 uL. The Inertsil ODS-3 (4.6 x 150 mm, 3 um) and Acclaim 120 C18
(250 x 4.6 mm, 5 pm) columns were used for the separation. Experimental studies revealed
that the first column was the best one to obtain a good resolution and separation of peaks.
The Inertsil ODS-3 (150 x 4.6 mm, 3 pm) column is an ideal modified octadecyl endcapped
column with an active surface of 450 m?/gram particles, 100 A pores and 15% carbon load.
The best detection wavelength was 210 nm, which demonstrated the highest sensitivity
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along with a reasonable response. The effect of the flow rate was investigated using 0.5-
1.5 mL/min values. A flow rate of 1.5 mL/min was found to be the best for achieving good
separation in a reasonable time.

malLl

50+
454
40+
35+
30+
25
20
15+
10+

. DADT A, Sig=210 4 Ref=off

3212, Ramipril imp A
19.39, Ramipril imp O

13 844, Ramipril
14486, Ramipril imp B
15124, Ramipril imp C

|

5 6 7 & 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [min]

Figure 1. Chromatogram obtained using gradient mobile phase consisting of 0.2 g/L solution of
sodium hexanesulfonate (pH 2.7), acetonitrile, at a flow rate of 1.5 mL/min and ambient
temperature, used for the analysis on an Inertsil ODS-3 (4.6 x 150 mm, 3 um) column.

The usage of ion pairing reagents in HPLC is a known approach in HPLC method
development, which allow for the separation of ionic and highly polar substances on
reversed-phase HPLC columns [24]. Given the previous experience of our scientific group,
we decided to apply sodium hexanesulfonate. The use of gradient elution made it possible
to separate ramipril impurities. The results of peak identification with calculated LOQ are
given in Table 2.

Table 2. Identification of peaks (reference solution (a)).

Peak RT RRT LOQ, % LOD, %
Impurity A 13.2 0.96 0.09% 0.03%
Ramipril 13.8 1.00 0.09% 0.03%
Impurity B 145 1.05 0.11% 0.04%
Impurity C 15.1 1.11 0.21% 0.07%
Impurity D 19.4 1.40 0.09% 0.03%

Rationing at the time of release: impurities A, B, C: no more than 0.5% of each;
impurity D: no more than 0.5%; any impurity: no more than 0.2%; and the amount of
impurity: no more than 1.0%.

Rationing during the shelf life: impurities A, B, C: no more than 0.5% of each;
impurities D, E: no more than 5.0%; any impurity: no more than 0.5%; and the amount of
impurity: no more than 5.0%.

3.1.2. HPLC Method Development for the Quantitative Determination of Ramipril in
Tablets

A precise and accurate green HPLC method was developed for the determination of
ramipril in pharmaceutical dosage forms. An isocratic mobile phase consisting of a 0.2 g/L
solution of sodium hexanesulfonate (pH 2.7), acetonitrile (50:50 v/v), at a flow rate of 1.0
mL/min and ambient temperature was used for the analysis on an Acclaim 120 C18 (250
x 4.6 mm, 5 um) column (Figure 2). The retention time was 4.15 min. The injection volume
was 3 pL. The Acclaim 120 C18 (250 x 4.6 mm, 5 um) or equivalent and Inertsil ODS-3 (4.6
x 150 mm, 3 um) columns were used for the separation. Experimental studies revealed
that the first column was the best one to obtain a good retentive time. The best detection
wavelength was 210 nm, which demonstrated the highest sensitivity along with a
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reasonable response. It did not interfere with the SLV peak. The effect of the flow rate was
investigated using 0.5-1.5 mL/min values. A flow rate of 1 mL/min was found to be the
best for achieving good separation in a reasonable time.

Different proportions of the mobile phase components were tested (Figure 3). The
obtained results showed the best results using a mobile phase composed of a 0.2 g/L
solution of sodium hexanesulfonate (pH 2.7), acetonitrile (50:50 v/v). As the acetonitrile
percentage increased, the analyte peak interfered with the SLV peak, whereas as the
acetonitrile percentage decreased, tailing increased, and a low number of theoretical
plates was observed.

malL
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30+

254

20

194

104

DADT &, Sig=210.4 Ref=off

CRamipril

02 04 0B 08 1 12 14 18 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 55 6

Time [min]

Figure 2. Chromatogram obtained using isocratic mobile phase consisting of 0.2 g/L solution of
sodium hexanesulfonate (pH 2.7), acetonitrile (50:50 v/v), at a flow rate of 1.0 mL/min and ambient
temperature used for the analysis on an Acclaim 120 C18 (250 x 4.6 mm, 5 um) column.

3400

3300

3200
3100
3000
2900 I
2800
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Ratio (sodium hexanesulfonate/acetonitrile)

No. of theoretical plates

Figure 3. Optimization of chromatographic conditions of the mobile phase composition.

3.1.3. HPLC Method Development for the Quantitative Determination of Ramipril in
«Dissolution Test»

A precise and accurate green HPLC method was developed for the determination of
ramipril in a «Dissolution test». We used the same chromatographic conditions as those
used for the quantitative determination of ramipril in dosage forms.

An isocratic mobile phase consisting of a 0.2 g/L solution of sodium hexanesulfonate
(pH 2.7), acetonitrile (50:50 v/v), at a flow rate of 1.0 mL/min and ambient temperature



Sci. Pharm. 2023, 91, 21 8 of 22

was used for the analysis on an Acclaim 120 C18 (250 x 4.6 mm, 5 pum) column (Figure 4).
The injection volume was 3 uL.

DAD1 A, Sig=210,4 Ref=off
354 a
5
30+ 4
25+
5 204
<
E
151
10
54
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 486 45 5
Time [min]
Figure 4. Chromatogram obtained in «Dissolution test» using isocratic mobile phase consisting of
0.2 g/L solution of sodium hexanesulfonate (pH 2.7), acetonitrile (50:50 v/v), at a flow rate of 1.0
mL/min and ambient temperature used for the analysis on an Acclaim 120 C18 (250 x 4.6 mm, 5 pum)
column.
3.2. Method Validation

The procedure was validated in compliance with the standards in accordance with
the International Conference on Harmonization (ICH) [23].

3.2.1. Validation of HPLC Method for the Determination of Impurities of Ramipril in
Tablets

To confirm the efficiency of the method, the following parameters were studied:
specificity; linearity in the range of application; accuracy; precision; limit of detection
(LOD); and limit of quantification (LOQ) [23]. The formulas that were used for the
calculations are given in Appendix A. The summary of the validation results is given in
Appendix B, Table Al.

The separation of impurities and other components in the spiking sample was
appropriate. No interference was obtained among the ramipril peak, the impurity peaks
and the matrix peaks.

The linear regression parameters were calculated in accordance with the
recommendations of the ICH Validation of Analytical Procedures: Text and Methodology, Q2
(R1) [23]. Excellent linearity of the method for the analysis of impurities of ramipril was
confirmed by the RSD of the obtained response factors, which was lower than 7.0% (2.2%,
2.0%, 2.3%, 1.8%), and the obtained correlation coefficient was almost ideal (Table 3,
Appendix B, Table Al).

Table 3. Results of the calculation of the linear regression parameters and accuracy and precision of
the method according to the calibration curve.
Parameter Ramipril Impurity A Ramipril Impurity B Ramipril Impurity C Ramipril Impurity D Ramipril
lal 0.10 0.13 0.59 0.38 0.05
b 1.01 1.00 1.00 1.01 1.02
r 0.9989 0.9996 0.9988 0.9999 0.9996
Zmax 105.4 103.6 104.8 102.9 104.1
Zmin 98.7 98.4 98.0 97.2 99.9
Zep 101.52 100.86 101.16 100.85 101.13
RSDz 2.16 1.95 2.28 1.78 1.41
0 1.52 0.86 1.16 0.85 1.12

Alin 4.1 3.7 4.3 3.3 2.6
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Recoveries from the spiked samples were close to 100% (93.9%-105.4% for impurity
A, 96.4%-105.1% for impurity B, 95.1%-105.7% for impurity C and 96.0%-105.7% for
impurity D). The RSD of the obtained results was lower than 4.0%. Excellent precision for
the method for the analysis of ramipril was confirmed by the RSD of the detected content
between the samples that were prepared by two analysts, which was lower than 15.0%
(3.1%, 3.7%, 2.4%), and the difference between the content obtained in the results by the
two analysts was lower than 20.0% (3.1%, 1.9%, 2.0%). The obtained results demonstrate
good accuracy and precision for the proposed method (Tables 4 and 5).

Table 4. Calculations for the parameter “accuracy”.

Parameter Ramipril Impurity A Ramipril Impurity B Ramipril Impurity C Ramipril Impurity D
Ramipril, tablets 2.5 mg
A, % 94.2-105.4 99.5-105.1 95.7-105.1 96.0-103.1
Ac_Average, %0 100.9 101.9 100.0 99.3
RSD, % 0.6-24 0.8-2.9 0.9-25 1.0-2.4
Ramipril, tablets 5 mg
A, % 93.9-104.0 98.6-101.3 95.1-102.5 96.0-104.4
Ac_average, % 97.2 99.6 98.3 99.3
RSD, % 1.1-2.4 0.7-1.2 0.8-1.3 0.6-2.0
Ramipril, tablets 10 mg
Aci, % 95.5-102.7 96.4-104.5 97.9-105.7 97.4-105.7
Ac_average, % 99.1 99.7 101.1 99.3
RSD, % 2.6-3.5 0.6-2.3 1.0-4.0 0.7-3.8
Table 5. Calculations for the parameter “precision”.
Dosage Form Xi, ug/mL Xep, pg/mL RSD, % RSDimp, % A, %
0.36-0.37 0.365 0.55
2.5 3.11 3.14
8 0.36-0.40 0.377 3.64
0.29-0.30 0.298 1.53
5m 3.72 1.88
8 0.29-0.33 0.304 5.05
0.25-0.26 0.257 1.04
10 2.36 1.97
8 0.26-0.27 0.262 2.95

The LOD of the method for the determination of ramipril impurity A was determined
to be ~0.030%, that for impurity B was ~0.037%, that for impurity C was ~0.070%, and that
for impurity D was ~0.030% (acceptability criteria was LOD < 0.15%). The LOQ of the
method for the determination of ramipril impurity A was determined to be ~0.092%, that
for impurity B was ~0.107%, that for impurity C was ~0.213%, and that for impurity D was
~0.091% (acceptability criteria was LOQ < 0.25%).

The calculation of the conversion factor for impurity A was 1.0, that for impurity B
was 1.1, that for impurity C was 2.5, and that for impurity D was 1.2 (acceptability
criteria—0.8 <k <1.2). To calculate the content of impurity C, the peak area of impurity C
was multiplied by the correction factor (2.5). To calculate the content of other specified
impurities, the correction factor may not be applied.

3.2.2. Validation of HPLC Method for the Quantitative Determination of Ramipril in
Tablets

To confirm the efficiency of the method, the following parameters were studied:
specificity; linearity in the range of application; accuracy; and precision [23]. The formulas
that were used for the calculations are given in Appendix A. The summary of the
validation results is given in Appendix C, Table A2.
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The linear regression parameters were calculated in accordance with the
recommendations of the ICH Validation of Analytical Procedures: Text and Methodology, Q2
(R1) [23]. A high determination coefficient was obtained for the regression analysis in the
concentration ranges of 0.066-0.137 mg/mL. Excellent linearity of the method for the
analysis of ramipril was confirmed by the RSD of the obtained response factors, which

was lower than 3% (0.42%), and the obtained correlation coefficient was almost ideal
(0.9999) (Table 6, Appendix C, Table A2).

Table 6. Results of the calculation of the linear regression parameters and accuracy and precision of
the method according to the calibration curve.

Parameter Ramipril
lal 0.45
b 1.00
r 0.9999
Zimax 100.5
Zmin 99.2
Zep 100.01%
RSDz 0.42
0 0.01%
Alin 0.82%

Excellent accuracy for the method for the analysis of ramipril was confirmed by the
RSD of the found content for each concentration level, which was lower than 3% (1.1%,
1.3%, 2.1%), and the deviation of the mean “found/put” value was lower than 0.51%
(0.01%). The obtained results demonstrate good accuracy of the proposed method.

Excellent precision for the method for analysis of the ramipril was confirmed by the
RSD of the found content between samples, which was lower than 2% (0.45%, 1.70%,
0.54%), and the confidence interval of the “found/put” values was lower than 1.60%
(0.82%) (Appendix C, Table A2). The obtained results demonstrate good accuracy and
precision of the proposed HPLC method (Tables 7 and 8).

Table 7. Calculations for the parameter “accuracy” for the ramipril tablets.

Parameter Ramipril, Tablets 2.5 mg Ramipril, Tablets 5 mg Ramipril, Tablets 10 mg
Aci, % 98.4-101.1 98.1-101.6 97.0-101.2
Ac_average, Y% 99.6 100.1 99.4

RSD, % 0.2-1.1 0.6-1.3 0.4-2.1

Table 8. Calculations for the parameter “precision”.

Dosage Form Xi, mg/Tablet Xaverage, mg/Tablet RSD, %
Ramipril, tablets 2.5 mg 2.44-2.46 2.45 0.45
Ramipril, tablets 5 mg 4.52-4.75 4.60 1.70
Ramipril, tablets 10 mg 9.81-9.95 9.88 0.54

3.2.3. Validation of HPLC Method for the Quantitative Determination of Ramipril in
«Dissolution Test»

To confirm the efficiency of the method, the following parameters were studied:
specificity; linearity in the range of application; accuracy; and precision [23]. The formulas
that were used for the calculations are given in Appendix A. The summary of validation
results is given in Appendix D, Table A3. The linear regression parameters were
calculated in accordance with the recommendations of the ICH Validation of Analytical
Procedures: Text and Methodology, Q2 (R1) [23]. Excellent linearity of the method for the
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analysis of ramipril was confirmed by the RSD of the obtained response factors, which
was lower than 5% (0.91%), and the obtained correlation coefficient was ideal (1.0000)
(Table 9).

Table 9. Results of the calculation of the linear regression parameters and accuracy and precision of
the method according to the calibration curve.

Parameter Ramipril Tablets 2.5 mg Ramipril Tablets 5 mg Ramipril Tablets 10 mg

lal 0.09 0.04 0.02

b 0.99 1.01 1.00

r 1.0000 1.0000 1.0000

Zmax 101.0 102.4 101.3
Zmin 98.5 99.9 98.9
Zep 99.35 100.76 99.72
RSDz 0.91 0.91 0.91

0 0.65 0.75 0.28

Altin 1.76 1.79 1.77

Excellent accuracy for the method for the analysis of ramipril was confirmed by the
RSD of the found content for each concentration level, which was lower than 5% (2.5%,
0.6%, 0.6%), and the deviation of the mean “found/put” value was lower than 0.96%
(0.65%, 0.75%, 0.28%). The obtained results demonstrate good accuracy for the proposed
HPLC method. Excellent precision for the method for the analysis of ramipril was
confirmed by the RSD of the found content between samples, which was lower than 4.0%
(1.2%, 2.1%, 0.8%), and the confidence interval of the “found/put” values was lower than
3.00% (1.76%, 1.79%, 1.77%) (Appendix D, Table A3). The obtained results demonstrate
good accuracy and precision for the proposed HPLC method (Tables 10 and 11).

Table 10. Calculations for the parameter “accuracy” for ramipril tablets.

Parameter Ramipril, 2.5 mg Tablets Ramipril, 5 mg Tablets Ramipril, 10 mg Tablets
Aci, % 96.4-100.7 98.8-101.0 99.4-101.3
Ac_average, % 98.2 99.6 100.3

RSD, % 0.2-2.5 0.2-0.6 0.4-0.6

Table 11. Calculations for the parameter “precision”.

Dosage Form X1, % Xaverage, % RSD, %
Ramipril, 2.5 mg tablets 95.4-98.8 97.0 1.22
Ramipril, 5 mg tablets 97.1-102.2 100.4 2.08
Ramipril, 10 mg tablets 97.1-98.3 97.6 0.80

3.3. Greenness Profile of the Developed Methods

Three greenness metrics were applied in the assessment of the environmental impact
of the proposed methods: AES [25], AGREE [26] and GAP [27-29]. The calculated total
penalty points for the proposed HPLC method for the determination of ramipril in tablets
were equal to 22, so the obtained score was 78. The calculated total penalty points for the
proposed HPLC method for the determination of ramipril impurities in tablets were equal
to 24, so the obtained score was 76. As shown in Table 12, the AGREE assessment shows
that the developed method is superior to the reported ones because of using
biodegradable solvents indicated by the green sectors and its final score (0.75). As shown
in Table 13, the AGREE assessment shows that the developed methods are superior to the
reported ones because of using biodegradable solvents indicated by the green sectors and
its final score (0.75, 0.69). Therefore, the suggested approach has a low ecological impact
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according to the above-mentioned greenness assessment metrics compared with the

reported methods.

Table 12. Comparison of the greenness profile between the proposed and reported method for

determining ramipril in tablets.

Wavelength AES
Mobile (nm), Run  Waste,
Method Column  Time (min), mL/per GAPI Penalty AGREE
Phase Reagents/Parameter .
Flow Rate Run Points
(mL/min)
0.2 g/L Sodium 2
solution hexanesulfonate 0
of sodium Acclaim 120 Phosphor.lc .ac1d 16
The hexanesul 210, Acetonitrile
C18 (250 x . 0
proposed fonate (pH 4.6 mm. 5 4.5, 4.5 Occupational hazard
method 27)and ’ 1.0 Instrument
. um) 1
acetonitril Waste 3
e (50:50 Total penalty points »
vlv) Total score 78
2.0¢g/L
solution of
sodium
perchlorat
eina
mixture of
triethylami 4
ne, water Sodium perchlorate ’
and Triethylamine 0
acetonitril Phosphoric acid 16
HPLC e (pH3.6) 4.6-mm x 210, Acetonitrile 0
and 2.0 g/L15-cm; 5-um 15, 15 Occupational hazard
method [22] . .
solution of packing L1 1.0 Instrument 1
sodium Waste
. 5
perchlorat Total penalty points 28
eina Total score
. 72
mixture of
triethylami
ne, water
and
acetonitril
e (pH 2.6)
(60:40)
Table 13. Comparison of the greenness profile between the proposed and reported method for
determining ramipril impurities in tablets.
Wavelength AES
Mobile (nm), Run  Waste,
Method Column  Time (min), mL/per GAPI Penalty AGREE
Phase Reagents/Parameter .
Flow Rate run Points
(mL/min)
Sodium 2
0.2 g/L hexanesulfonate 0 a
solution of . Phosphoric acid
R Inertsil . 16
The sodium 210, Acetonitrile
ODS-3 (4.6 . 0
proposed hexanesulfo 25, 37.5 Occupational hazard
x 150 mm,
method nate (pH 2.7) 3 pm) 1.5 Instrument 1
and pm Waste 5
acetonitrile Total penalty points 4

Total score

76
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Mobile phase
A consisted
of 60 mM
sodium
perchlorate
buffer
(containing
7.2mM
triethylamin
e) and
acetonitrile  Inertsil
(60:40, v/v), ODS-3 (4.0
and mobile x 250 mm,
phase Bwas 3 um)
60 mM
sodium

HPLC
method

(5]

perchlorate
buffer

(containing
7.2 mM

triethylamin

e),
acetonitrile
(20:80, v/v)

Sodium perchlorate

SN

Triethylamine
Phosphoric acid 16
210, Acetonitrile 0
55, 55 Occupational hazard 0 . 6 8
1.0 Instrument
1
Waste 5 a

Total penalty points

2
Total score 8

72

4. Discussion

During the development of our method, we focused on choosing a selective, simple
and «green» mobile phase and chromatographic column in order to achieve and express
reproducible separations. The column Inertsil ODS-3 (150 mm x 4.6 mm, 3 pum) and
Acclaim 120 C18 (250 mm x 4.6 mm, 5 um) achieved the best separation with the highest
values for critical pair resolutions, with the shortest run time for analysis.

Taking into consideration the experience of our research group in the development
and validation of analytical methods with an API for the purposes of routine
pharmaceutical analysis, we chose acetonitrile and sodium hexanesulfonate as mobile
phase components, which allowed us to impose the principles of «green» chemistry. All
three proposed HPLC methods involved the use of the same mobile phase consisting of
0.2 g/L solution of sodium hexanesulfonate (pH 2.7) and acetonitrile. The HPLC method
for the determination of impurities of ramipril in tablets involved the usage of gradient
elution, and the HPLC method for the quantitative determination of ramipril in tablets
and the «Dissolution test» involved isocratic elution (50:50 v/v). The simplicity of the
HPLC methods is convenient for use by chemists, so the methods can be widely used for
the purposes of routine pharmaceutical analysis. Additionally, the HPLC methods are
rapid (the run time for the determination of impurities is about 25 min, and quantitative
determination is 4.5 min) and «green».

We validated all three HPLC methods. The acceptability criteria for all validation
characteristics are clearly formulated. The quality control method for the drug “ramipril,
with 2.5 mg, 5 mg and 10 mg tablets” according to the indicators of “Impurities”,
“Quantitative determination” and “Dissolution test” is presented in Appendix A-D.

Greenness metrics (AES, AGREE and GAPI) were applied in the assessment of the
environmental impact of the proposed methods. The proposed HPLC methods have a low
ecological impact according to the above-mentioned greenness assessment metrics
compared with the reported methods.

5. Conclusions

Precise and accurate green HPLC methods were developed for the determination of
ramipril and its impurities in tablets. They were successfully validated according to ICH
guidelines in terms of specificity, linearity in the range of application, accuracy, precision,
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LOD and LOQ. The AES, AGREE and GAPI assessment tools were used for the evaluation
of the greenness degree of our proposed methods. The proposed methods have the ability
to separate ramipril and impurities found in tablet dosage forms and tablet excipients.
Therefore, the chromatographic methods can be used for the routine analysis of ramipril
in dosage forms. In addition, the procedure can be applied to the detection and
determination of impurities in tablets and in a “Dissolution test”. Quality control methods
for the drug “ramipril, with 2.5 mg, 5 mg and 10 mg tablets” according to the indicators

i

of “Impurities”, “Quantitative determination” and “Dissolution test” are suggested.
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Appendix A

Formulas for calculations

The difference between the retention times for the peaks of ramipril on the
chromatograms of the reference solution and the tested solution was calculated using the
following formula:

_ |RTRs — RTrs|

= -1009
KT RTs %

where

RTgs is the retention time of impurity A (B, C or D) of ramipril on the chromatogram
of the reference solution;

RTrs is the retention time of impurity A (B, C or D) of ramipril on the chromatogram
of the test solution.

Concentration values in normalized coordinates were calculated using the following
formula:

i

Cre f

Xi = =100 %

The value of the response of the device in normalized coordinates was calculated
according to the following formula:

Si
Y, =c—100%

Sref
The “found/put” ratio was calculated using the following formula:
Zi = & -100 %
Xi

Coefficient b was calculated using the following formula:
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b= m- Y XY — Xt Xi Niq Vi
m- 3L xf — (T, x)?

where
m is the number of model solutions.
Coefficient a was calculated using the following formula:

m .\ym
a= i=1Yi — b Xl x

m

Correlation coefficient r was calculated using the following formula:
. MmNt X Vi — Nim1 X Ni=1 Vi
V- X2 xf — 2, x)?) - (m- X, v — G, v0)?)

The deviation of the average “found/put” value from 100% was calculated according
to the following equation:

6 =|z-100]|

The maximum permissible deviation of the “found/put” value from 100% was
calculated according to the following equation:

6177.(12{ = 0,32 ) AAS

The confidence interval of the spread of the “found/put” values was calculated
according to the following equation:

A,= S, t(95%,m — 1)

where

S, is the standard deviation of the “found/entered” ratios for all solutions;

t(95%, m — 1) is the one-sided Student’s coefficient for a probability of 95% (for
degrees of freedom 9-1=8 is 1.8595).

The concentration of ramipril impurities in the tested solutions with additives was
calculated using the following formula (“found”):

_C0'51
m — SO

where

Co is the concentration of ramipril impurities in the reference solution;

S1is the peak area of ramipril impurities in the test solution;

So is the peak area of ramipril impurities in the reference solution.

The theoretical concentration of ramipril impurities in the test solutions with
additives was calculated according to the following formula (“put”):

where

Cin(1-3) is the concentration of ramipril impurities in the drug, determined in model
solutions P1-P3.

V is an aliquot of the reference solution added to the model solution;

Corer is the concentration of ramipril impurities in the reference solution.

The “found”/”put” ratio (in percent) was calculated using the following formula:

Cm
A= —=-1009
=T, %

The calculation of the content of ramipril impurity D in ramipril in 2.5 mg, 5 mg and
10 mg tablets was carried out according to the following formula:
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_C0'51

C
m SO

The limit of detection (LOD) and limit of quantification (LOQ) were calculated using
the signal/noise ratio using the following formula:

LoD — cS- 3,3
/N
L0Q = Cs'i
/N

where

C is the concentration of ramipril impurities in the model solution;

J / \ is the signal/noise ratio from the chromatogram of the model solution.

To establish the need to introduce a conversion factor, the response factors of
impurities were calculated according to the following formula:

where

S; is the average value of the peak area of the impurity (ramipril);

C; is the concentration of the impurity (ramipril) in the solution, pg/mL.
The conversion factor was calculated according to the following formula:

_ RFr—l
~ RFimp;

i

where

RF,_; is the response factor for ramipril;

RFimp; is the response factor for the impurity.

The theoretical concentration of ramipril in the test solutions with additives (for the
quantitative determination of ramipril in tablets) was calculated according to the
following formula (“put”):

G324V Corey
£t 25

where

C1 is the concentration of ramipril in the drug, determined in accordance with the
MCQ;

3.2 is an aliquot of the drug taken to prepare a model solution;

V is an aliquot of the original reference solution added to the model solution;

Cores is the concentration of ramipril in the reference solution.

The theoretical concentration of the ramipril tablet of 2.5 mg in the test solutions with
additives (for dissolution test) was calculated according to the following formula (“put”):

G054V Corer
. 100
The theoretical concentration of the ramipril tablet of 5 mg in the test solutions with
additives (for dissolution test) was calculated according to the following formula (“put”):
C1-1,0+V - Corer
100

The theoretical concentration of the ramipril tablet of 10 mg in the test solutions with
additives (for dissolution test) was calculated according to the following formula (“put”):

C =
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_C1.2‘0+V.COT€f

£ 100
where
Ci1 is the concentration of ramipril in the drug, determined in accordance with the
MCQ;

0.5 (1.0; 2.0) is an aliquot of the drug taken to prepare a model solution;
V is an aliquot of the original reference solution added to the model solution;
Core £ is the concentration of ramipril in the reference solution.

Appendix B

Table Al. Summary of validation results of the quality control method of the drug “ramipril, with
2.5 mg, 5 mg and 10 mg tablets” according to the indicator “Impurities”.

Investigation Parameter Ehg,l b11'1ty Evaluation
Criteria
The purity of the peak of ramipril, Ca'lculated for the peaks PFrs > 990 5099.935
of the tested solution
The difference in retensive time of ramipril impurity A on
the chromatogram of the reference solution and the test Arr £2.0% 0.11%
solution
The difference in retensive time of ramipril impurity B on
the chromatogram of the reference solution and the test Art £2.0% 0.14%
g solution
Specificity The difference in retensive time of ramipril impurity C on
the chromatogram of the reference solution and the test Arr £2.0% 0.17%
solution
The difference in retensive time of ramipril impurity D on
the chromatogram of the reference solution and the test Arr £2.0% 0.25%
solution
The resolution between the peak -of ramipril and the peak Rs>15 5901
closest to it
Rar.1ge of ?ppﬁcatio? (50% of the specifica'ti.on 'Iimit. fo.r an oo ug/ml—  0.25 ug/mL-30.29
unidentified impurity —120% of the specification limit of 25.00 pg/mL ug/mL
the sum of impurities D)
impurity A 0.1
impurity B 0.1
Intercept impurity C lal <5.0 0.6
impurity D 0.4
ramipril 0.1
impurity A 0.9989
Linearity impurity B 0.9996
Correlation coefficient impurity C r20.990 0.9988
impurity D 0.9999
ramipril 0.9996
impurity A 98.7% —105.4%
The response factor of the individual impurity B 98.4%-103.6%
. . .~ BOR<Z<
concentration level, in % to the response  impurity C 107.0% 98.0%-104.8%
factor of the target concentration impurity D 97.2%-102.9%
ramipril 99.9%-104.1%

Residual standard deviation impurity A RSD <7.0% 2.2%
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Elizibili
Investigation Parameter (;filt]::ri:y Evaluation
impurity B 2.0%
impurity C 2.3%
impurity D 1.8%
ramipril 1.4%
impurity A 1.52%
o impurity B 0.86%
A 1 —
Ccura(;i/li‘c,ae)lbratlon Deviation of the mean “found/put” value  impurity C 0 <1.60% 1.16%
impurity D 0.85%
ramipril 1.12%
2.5 94.2%-105.4%
Content in samples with an additive T sme r;ng 80.0%<Z< 93 90/0 04 0(;
(impurity A) — 25 120.0% et
m D /0— ./ 70
10 mg 95.5%-102.7%
2.5 99.5%-105.1%
Content in samples with an additive T sme r:;;g 80.0%<Z< 99 60/0 1013 (yo
impurity B) 10m 120.0% 96.4%-104.5%
( 8
2.5 95.7%-105.1%
Content in samples with an additive TH;; 80.0%<Z< 95 10/0 102 5(;
impurity ©) 10m 120.0% 97.9%-105.7%
( 8
2.5 96.0%-103.1%
Content in samples with an additive T sme Hrlng 80.0%<Z< 9.0 0/0 044 0/0
, (impurity D) — 25 120.0% —
Accuracy (spiked 10 mg 97.4%-105.7%
1 2.5 2.4%
samples) Standard deviation of the found content T sme nl1ng RSD < 15.0% Y 0/0
for each concentration level (impurity A) —°Te ST =
10 mg 3.5%
2.5 2.9%
Standard deviation of the found content T sme r;ng RSD < 15.0% 120
for each concentration level (impurity B) — 208 ST =
10 mg 2.3%
2.5 2.5%
Standard deviation of the found content T sme r;ng RSD < 15.0% 139
for each concentration level (impurity C) — 208 ST 0
10 mg 4.0%
2.5mg 2.4%
Standard deviation of the found content ———————
RSD <15.09 .09
for each concentration level (impurity D) —Smg  RSD<I50% 2.0%
10 mg 3.8%
impurity A 4.5%
.. o impurity B 3.7%
Prec151o;£c‘:]ael)1brat10n Relative confidence interval impurity C A<5.0% 4.3%
impurity D 4.2%
ramipril 3.8%
Standard deviation of the detected content 2.5 mg <3.6%
between samples prepared by the same 5mg RSD <£15.0% <5.1%
analyst 10 mg <2.9%
2.5 3.1%
Precision (spiked Standard deviation of detected content T sme nIlng RSDimo < 15,09 3 70/0
samples) between samples prepared by two ar1alysts—g e e .
10 mg 2.4%
2.5 3.1%
The difference between the content T sme rrlzgg A< 20.0% 199
= . (o] . (o]

obtained in the results by two analysts 10 mg 2.0%
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Eligibilit
Investigation Parameter 1g'1 ! ,1 y Evaluation
Criteria
impurity A 0.03%
impurity B 0.04%
LOD impurity C  LOD <0.15% 0.07%
impurity D 0.02%
LOD . ramiPril 0.03%
impurity A >10.9
i ity B >8.5
Signal to noise ratio for model solution L2 —‘1mpur‘1 X
(0.1%) impurity C S/N 23 >5.6
' impurity D >12.7
ramipril >10.0
impurity A 0.09%
impurity B 0.11%
LOQ impurity C  LOQ<0.25% 0.21%
impurity D 0.09%
LOQ . ramiPril 0.09%
impurity A S/N =10 >36.9
i ity B S/N =10 >28.0
Signal to noise ratio for model solution L3 '1mpur'1 x /
(03%) impurity C S/N =10 >16.1
' impurity D S/N =10 >36.3
ramipril S/N =10 >31.7
) impurity A 1.0
Calculated conversion T impuritv B 11
factor of identified Calculated conversion factor U — P - Y 08<k<12 :
. " impurity C 2.5
impurities —_—
impurity D 1.2
Appendix C
Table A2. Summary of validation results of the quality control method of the drug “ramipril, with
2.5 mg, 5 mg and 10 mg tablets” according to the indicator “Quantitative determination”.
Eligibilit
Investigation Parameter 1g.1 ! ,1 y Evaluation
Criteria
Peak purity of ramipril calculat.ed for the peaks of the tested PFpg = 990 999 993
Specificity (ramipril solution
P tablets 2.5 m F)) ’ The difference in the retention times of ramipril on the
> me chromatogram of the reference solution and the tested Apr< 2.0% 1.52%
solution
70%-130% 66%-137%
Range of application (0.070-0.130 (0.066-0.137
mg/mL) mg/mL)
Li it Intercept lal <3 0.45
eanty Correlation coefficient r>0999 0.9999
The response factor of the individual concentration level, in %  98.0% < Z <
. 99.2%-100.5%
to the response factor of the target concentration 102.0%
Residual standard deviation RSD <3.0% <0.42%
Deviation of the mean “found/put” value from the linearity 5<051% 0.01%
Accurac study
’ Content in samples with an additive 25 Mg 97.0%<2< _984%-101.1%
v L -
P 5mg 103.0% 98.1%-101.5%
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Elizibili
Investigation Parameter 1g'1 bi -1ty Evaluation
Criteria
10 mg 97.0%-101.2%
L 2.5 mg <1.1%
Standard deviation of the'found content for each T sme mg RSD <3.0% <13%
concentration level —_—
10 mg <2.1%
Confidence interval of “found/put” values from the linearity A<1.60% 0.82%
study
Precision oo .5mg <0.45%
Standard deviation of the found content between 5mg RSD: < 2.0% <1.70%
samples
10 mg <0.54%
Appendix D
Table A3. Summary of validation results of the quality control method of the drug “ramipril, with
2.5 mg, 5 mg and 10 mg tablets” according to the indicator “Dissolution test”.
Investigation Parameter Ehg,l b11'1ty Evaluation
Criteria
Peak purity of ramipril calculat.ed for the peaks of the tested PFyg > 990 999.989
solution
Specificity The difference in the retention times of ramipril on the
chromatogram of the reference solution and the tested Apr< 2.0% 0.10%
solution
60%-120% 50.8%-508.0%
2.5 mg (0.003-0.006  (0.0025-0.0254
mg/mL) mg/mL)
60%-120% 25.4%-254%
Range of application 5mg (0.006-0.0120  (0.0025-0.0254
mg/mL) mg/mL)
60%-120% 12.7%-127.0%
10 mg (0.012-0.024  (0.0025-0.0254
Linearity mg/mL) mg/mL)
2.5mg 0.09
Intercept 5mg lal <5 0.04
10 mg 0.02
Correlation coefficient r>0.995 1.0000
The response factor of the individual 2.5mg 98.5%-101.0%
. . ———— 95.0%<Z<
concentration level, in % to the response factor of 5mg 105.0% 99.9%-102.4%
the target concentration 10 mg o 98.9%-101.3%
Residual standard deviation RSD < 5.0% <0.91%
2.5mg 0.65%
Deviation of the mean “found/put” value 5mg 0<0.96% 0.75%
10 mg 0.28%
A il 2.5mg 90.0% < 7 < 96.4%-100.7%
ccuracy (ramipril, Content in samples with an additive 5mg T 98.8%-101.0%
tablets 2.5 mg) 110.0%
10 mg 99.4%-101.3%
2.5 <2.5%
Standard cleviact(i)(;r:j ;Iftz};iiiiulr;ieclontent for each T sme nljlg RSD <5.0% 0. 60/2
10 mg <0.6%
Confidence interval of “found/put” values 2.5mg A<3.00% 1.76%
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Investigation Parameter Ehg,l b11-1ty Evaluation
Criteria
5mg 1.79%
(o)
Precision (ramipril, 21 (; Egg 1172 0;:
tablets 2.5 mg)  Standard deviation of the found content between 5 me RSD: < 4.0% 21%
samples —_—
10 mg <0.8%
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