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Abstract  

 
In order to dete\rmine the amounts of cilnidipine and lisinopril dihydrate, the Dual Wavelength Spectroscopic 

approach that was proposed was successfully utilized. The method that was created was verified in accordance 

with ICH Q2 (R1) without any deviations, and based on the findings, it was determined that the current method 

has the potential to be utilized for the routine examination of raw materials as well as in the formulation of 

pharmaceuticals. According to the findings of the linearity investigation, the suggested approach was able to 

produce linear results throughout the concentration range of 4–24 and 10–60 μg/mL for lisinopril dihydrate 

and cilnidipine, respectively. It was determined that the proposed method was accurate based on the findings 

of the precision data and the low levels of the relative standard deviation (RSD). Both the LOD and LOQ 

values for cilnidipine and lisinopril dihydrate were determined and established. It was discovered that the 

recovery for lisinopril dihydrate was 98.82%, and the recovery for cilnidipine was 100.24%. The low values 

of the relative standard deviation (RSD) demonstrate that the procedure was accurate within the range that 

was defined. The suggested approach was found to be linear, sensitive, exact, and accurate for the 

simultaneous estimation of lisinopril dihydrate and cilnidipine in bulk and pharmaceutical formulations. This 

conclusion was reached as a consequence of the successful completion of the validation research and the 

findings that were discovered. 

 
Introduction  

Because of its high prevalence and important clinical impact, hypertension remains a leading contributor to 

the risk of cardiovascular disease and death [1,2,3,4]. In 2015, about 1.5 billion adults worldwide had a 

measured office blood pressure (BP) higher than 140 mmHg systolic or 90 mmHg diastolic [5]. According to 

a recent study, the number of subjects aged 30–79 years with a prior diagnosis of hypertension doubled from 

331 million women and 317 million men in 1990 to 626 million women and 652 million men in 2019, despite 

a stable age-standardized prevalence worldwide [6]. It has been estimated that a systolic BP ≥140 mmHg 

explains about 70% of the burden of morbidity and mortality worldwide [7,8,9]. Cardiovascular diseases are 
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the leading cause of morbidity and mortality worldwide. Hypertension (HTN), despite considerable progress 

being made in recent decades, remains a major public health problem and the most frequent modifiable risk 

factor associated with considerable cardiovascular morbidity and mortality. The number of people aged 30–

79 years with hypertension has doubled from 1990 to 2019, despite stable global age-standardized prevalence 

[1]. It might seem that the lowering of the threshold for the definition of hypertension to a systolic blood 

pressure of ≥130 mmHg and/or diastolic blood pressure of ≥80 mm in the 2017 American College of 

Cardiology and American Heart Association Guidelines could explain an increase in hypertension prevalence 

from 18.9 to 43.5% [2,3,4]. However, in the 2018 European Guidelines, and the most recent guidelines of the 

International Society of Hypertension in 2020, the definition remained unchanged (≥140/≥90 mmHg) [5,6]. 

Regardless of the difference in definition, the comprehensive worldwide analysis of hypertension prevalence, 

treatment, and control for the period from 1990 to 2019 has shown a significant increase in the number of 

people with hypertension [1]. Numerous trials have shown that sustained hypertension causes structural, 

functional, and neurohumoral abnormalities of the heart, involving the ventricular and atrial myocardium as 

well as the epicardial and intramural coronary arteries, a disease commonly termed hypertensive heart disease 

(HHD). However, the published definition and classifications of HHD do not always agree, and cardiology 

societies and scientists have not yet come to a consensus on the terminology of these morpho-functional 

alterations, using terms such as “hypertensive heart disease” [7,8,9], “hypertensive cardiomyopathy” [10], and 

“hypertensive heart failure” [11] 

 

Cardiovascular diseases (CVD) represent the leading cause of death, accounting for one in three deaths in the 

United States (US) and worldwide [1–3]. One of their most potent risk factors, hypertension (also known as 

high blood pressure), is a common risk factor for CVD [3, 4]. Approximately 40% of adults aged 25 and over 

had elevated blood pressure in 2008 [3]. What is more, hypertension is responsible for at least 45% of deaths 

due to heart diseases and 51% of deaths due to stroke worldwide [3, 4]. In the US alone, the direct medical 

and indirect expenses from CVDs were estimated at approximately $329 billion in 2013 to 2014 [5]. Effective 

large-scale interventions to prevent or treat hypertension are therefore urgently needed to reverse this trend. 

Yet, as new and promising interventions are surfacing every day, the need for rigorous evaluation of these 

interventions to inform evidence-based policies and clinical practice is ever growing. To this effect, several 

randomized clinical trials (RCT) have been conducted to evaluate interventions used to prevent hypertension 

or improve its control [6–8]. However, although RCTs represent the gold standard for evaluating the efficacy 

(i.e., impact under ideal conditions) of most health interventions because of their high internal validity [9, 10], 

they are not always feasible, appropriate or ethical for the evaluation of certain types of interventions. 

Furthermore, results from RCTs are not always generalizable to populations or settings of interest due to the 

highly selected sample and because the intervention is generally conducted under more stringent conditions 

(low external validity) [11]. To evaluate the effectiveness of an intervention (i.e., impact under real conditions) 

and to increase the uptake and implementation of evidence-based health interventions in the communities of 

interests, other types of experimental designs have been proposed. One such example is natural and quasi-

experiments. The terms “natural experiments” and “quasi-experiments” are sometimes used interchangeably. 

In this study, and as described by others [12], we will distinguish these two concepts. 
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MATERIALS AND METHODS 

Lisinopril Dihydrate  and Cilnidipine) 

Preliminary Study 

Lisinopril Dihydrate  and Cilnidipine) were examined for physical and chemical properties; description, 

melting point determination and IR identification & results were summarized in chapter. 

Simultaneous Estimation of  Lisinopril Dihydrate  and Cilnidipine in Pharmaceutical Formulation 

by Dual Wavelength Spectroscopy Method 

Method development 

Apparatus and Material 

UV Spectrophotometer, CP224S analytical balance (Sartorius, Gottingen, Germany). Class ‘A’ volumetric 

glassware was used. Lisinopril Dihydrate  and Cilnidipine) (Torrent pharmaceutical Ltd) and methanol were 

used. 

Preparation of Stock Solutions 

10 mg Lisinopril Dihydrate  powder was weighed and transferred to a 100 ml volumetric flask. Then diluted 

up to 100 ml with methanol to get a concentration of 100 μg/ml. 10 mg Cilnidipine powder was weighed and 

diluted up to 100 ml with methanol to get a concentration of 100 μg/ml. 

Preparation of Calibration Curve for Lisinopril Dihydrate and  Cilnidipine  

Series A, B, and C as follows were prepared from the standard stock solutions of Lisinopril Dihydrate and  

Cilnidipine). Series A; Lisinopril dihydrate (4–24 μg/ml) was prepared by diluting appropriate volume from 

the standard stock solution of Lisinopril Dihydrate with methanol to get the concentration in range of 4–24 

μg/ml. Series B; Cilnidipine (10–60 μg/ml) was prepared by diluting appropriate volume from the standard 

stock solution of Cilnidipine with methanol to get the concentration 10-60 μg/ml. Series C consists of mixture 

of Lisinopril Dihydrate and  Cilnidipine having concentration of Lisinopril dihydrate (4–24 μg/ml) and 

Cilnidipine (10–60 μg/ml). 

 

Preparation of Sample Solution 

Accurately weighed and powdered 20 tablets equivalent to 5 mg of Linsinopril dihydrate and 12.5 mg of 

cilnidipine and transferred in to a 100 ml volumetric flask. 50 ml methanol was added and sonicated for 20 

min. The solution was then filtered through whatmann filter paper and the volume was adjusted up to the mark 

with methanol. This solution is expected to contain 50 μg/ml Linsinopril  dihydrate and 125 μg/ml  clinidipine. 

From his solution 2 ml was taken in to a 10 ml volumetric flask and mark up to the volume with methanol to 

get a final concentration of Linsinopril dihydrate (10 μg/ml) and cilnidipine (25 μg/ml). 

Selection of Wavelength for Determination of  Lisinopril Dihydrate and  Cilnidipine 

The dual wavelength spectroscopic method is used to calculate concentration of analyte in a mixture 

containing an unwanted components or excipients. For development of the method two wavelengths were 

selected as described below. 
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 First wavelength λ1 (315.5 nm) at which absorbance of  was observed and no any interference of Lisinopril 

dihydrate. 

 Second wavelength λ2 (286.0 nm) was selected where the absorbance of cilnidipine was same as at λ1, and 

Lisinopril dihydrate was also give absorbance at this selected wavelength. 

Method Validation 

Method validation involved various validation parameters; Linearity, Precision, Recovery, LOD and LOQ, 

Assay of Lisinopril Dihydrate  and Cilnidipine). All the validation parameters were successfully determined 

as per ICH Q2 (R1) and results were reported. 

 

RESULTS AND DISCUSSION 

Lisinopril Dihydrate and  Cilnidipine: 

 

Preliminary Study 

Table Physical Properties of Lisinopril Dihydrate and  Cilnidipine 

Physical 

Property 

Lisinopril Dihydrate Cilnidipine 

Observed Standard Observed Standard 

 

Appearance 

Crystalline 

Powder 

Fine Crystalline 

Powder 
White fine 

Powder 

White fine 

Powder 

 

Melting Point Determination 

The melting point of both API was taken and compared with reported melting point, the melting points were 

found to be in the range of reported melting point. 

Table Melting Point Study of Drug Sample 

Drug Sample Observed Melting 

Point 

Reported Melting 

Point 

Lisinopril Dihydrate 222-230 °C 220-240 °C 

Cilnidipine 272-274 °C 273-275 °C 
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IR Identification 

IR Spectral Analysis of  Lisinopril Dihydrate 

Figure  IR Spectra of Lisinopril Dihydrate 

 

 

Figure IR Spectra of Lisinopril Dihydrate Standard 

The IR spectrum of Lisinopril Dihydrate  was taken by KBr pellets technique and compared with reference 

spectrum, the transmittance peaks were found to be identical in API spectra. 

Table  IR Spectral Interpretation of Lisinopril Dihydrate 

Sr. 

No. 

Observed Frequency 

(cm -1) 

Mode of Vibration Frequency Range 

(cm -1) 

1. 873.74 Aromatic 800-900 

2. 1493.72 N-N Stretching 1350-1500 

3. 2843.66 C-H Stretching 2800-2900 

4. 3195.25 OH Stretching 3300-3500 
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IR Spectral Analysis of Cilnidipine 

Figure  IR Spectra of Cilnidipine 

 

 

Figure  IR Spectra of Cilnidipine Standard 

The IR spectrum of Cilnidipine was taken by KBr pellets technique and compared with reference 

spectrum, the transmittance peaks were found to be identical in API spectra. 

Table IR Spectral Interpretation of Cilnidipine 

 

Sr. No. Observed Frequency 

(cm -1) 

Mode of Vibration Frequency Range 

(cm -1) 

1. 3471 N-H amine (ring) 3200-3500 

2. 1486, 1591 C=C (aromatic) 1405-1550 

3. 1339.88 C-N Stretching 1250-1280 

4. 2843.66 C-H Stretching 2800-2900 

5. 3195.25 OH Stretching 3300-3500 

6. 3436 N-H (free) 3350-3500 

 

Simultaneous Estimation of Lisinopril Dihydrate and  Cilnidipine in Pharmaceutical Formulation by 

Dual Wavelength Spectroscopy Method 

Method Development 

For development of the method, two wavelengths were selected as described below. 
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Figure Overlain Spectra of Lisinopril Dihydrate and  Cilnidipine 

 

The difference in absorbance at these two wavelengths (A286.0–A315.5) cancels out the contribution of 

absorbance of Lisinopril Dihydrate and  Cilnidipine  in the mixture. 

 

Table Determination of  Lisinopril Dihydrate alone and Lisinopril Dihydrate in the presence of 

cilnidipine  

 

SERIES A SERIES C 

Concentration 

of mixture 

(μg/ml) 

Absorbance at 

286.0 nm ± S.D 

(n = 5) 

% 

RSD 

Concentration 

of mixture (μg/ml) 

Absorbance at 

286.0 nm – 

315.5 nm ± S.D (n 

= 5) 

% 

RSD 

Lisino

pril 

Dihyd

rate 

Cilnidi

pine 

Lisino

pril 

Dihydr

ate 

cilnidip

ine 

4 

8 

12 

16 

20 

24 

0 

0 

0 

0 

0 

0 

0.057 ± 0.001 

0.109 ± 0.001 

0.162 ± 0.003 

0.218 ± 0.001 

0.259 ± 0.004 

0.314 ± 0.005 

1.75 

0.91 

1.85 

0.45 

1.73 

0.18 

4 

8 

12 

16 

20 

24 

10 

20 

30 

40 

50 

60 

0.057 ± 0.001 

0.108 ± 0.002 

0.163 ± 0.002 

0.218 ± 0.003 

0.264 ± 0.003 

0.323 ± 0.003 

1.75 

1.92 

1.22 

1.60 

1.32 

1.08 

 

Table  Determination of cilnidipine  alone and cilnidipine in the presence of  Lisinopril Dihydrate 

 

SERIES B SERIES C 

Concentration of 

mixture (μg/ml) 

Absorbance at 

315.5 nm ± 

S.D (n = 5) 

% 

RSD 

Concentration of 

mixture (μg/ml) 

Absorbance at 

315.5 nm ± S.D (n 

= 5) 

% 

RSD 

Lisino

pril 

Dihyd

rate 

Cilnidi

pine 

Lisino

pril 

Dihyd

rate 

cilnidi

pine 
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0 

0 

0 

0 

0 

0 

10 

20 

30 

40 

50 

60 

0.105 ± 0.001 

0.204 ± 0.0015 

0.298 ± 0.0005 

0.393 ± 0.003 

0.494 ± 0.004 

0.603 ± 0.002 

0.95 

1.74 

0.19 

0.77 

0.88 

0.33 

4 

8 

12 

16 

20 

24 

10 

20 

30 

40 

50 

60 

0.097 ± 0.0005 

0.211 ± 0.003 

0.313 ± 0.005 

0.404 ± 0.0005 

0.496 ± 0.005 

0.617 ± 0.003 

0.59 

1.44 

1.75 

0.14 

1.00 

0.48 

 

Method Validation 

Linearity 

The linearity range for Lisinopril Dihydrate and cilnidipine were confirmed to be 4–24, and 10–60 μg/mL, 

respectively. The specificity of the method was established from the standard and sample of Lisinopril 

Dihydrate and cilnidipine . The correlation coefficient of standard Lisinopril Dihydrate and cilnidipine were 

0.9987 and 0.9981 respectively. 

Figure Calibratio curve of cilnidipine 

 

 

Figure  Calibration curve of Precision 
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RSD was found to be less than 2%, which indicates that the DW Spectroscopic method is 

repeatable. 

Table  Precision Data for Lisinopril Dihydrate and cilnidipine 

 

Lisinopril 

Dihydrate and 

cilnidipine  (10 : 

25 μg/ml) 

Absorbance at 

286.0 nm 

Absorbance at 

315.5 nm 

Absorbance at 

286.0–315.5 nm 

1 0.390 0.255 0.135 

2 0.392 0.256 0.136 

3 0.390 0.257 0.133 

4 0.393 0.255 0.134 

5 0.390 0.256 0.138 

6 0.388 0.251 0.137 

MEAN 0.390 0.255 0.135 

S.D. 0.001 0.002 0.001 

% RSD 0.450 0.820 1.380 

 

Limit of detection (LOD) & limit of Quantitation (LOQ) 

 

Parameter Lisinopril Dihydrate  cilnidipine  

LOD 0.50 μg/mL 0.60 μg/mL 

LOQ 1.5 μg/mL 2.0 μg/mL 

Table Regression Analysis Data for DW Spectroscopic method 

 

 

Parameters 

Lisinopril Dihydrate 

estimation at 286.0 

nm 

Cilnidipine 

estimation At 315.5 

nm 

Wavelength for measurement 286.0 nm 315.5 nm 

Linearity 4–24 μg/ml 10–60 μg/ml 

Regression line equation (Y) Y=0.0136X + 0.0006 Y=0.0101X + 0.0017 

Slop (b) 0.0136 0.0101 

Intercept (a) 0.0006 0.0017 

Correlation coefficient (r) 0.9987 0.9981 

%Recovery (n = 5) 98.82% 100.24% 
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Recovery Study 

The RSD values confirmed that the developed DW Spectroscopic method is accurate. 

Table  Recovery data for the DW Spectroscopic Method 

 

 

Drug 

 

Level 

Amount of 

sample taken 

(μg/mL) 

Amount of 

standard 

spiked 

(μg/mL) 

Amount of 

recovered 

(μg/mL) 

 

% Recovery 

± %RSD 

Lisino

pril 

Dihydr

ate 

I 10 7.5 17.23 98.48 ± 0.041 

II 10 10 19.66 98.30 ± 0.077 

III 10 12.5 22.08 98.16 ± 0.005 

Cilnidi

pine 

I 25 18.75 43.89 100.32 ± 0.025 

II 25 25 50.32 100.65 ± 0.028 

III 25 31.25 56.56 100.55 ± 0.028 

 

Analysis of Pharmaceutical Formulation 

DW Spectroscopic method was used to determine Lisinopril dihydrate and cilnidipine in tablet dosage forms. 

There was no any interference of the excipient observed; hence the proposed method is applicable for the 

routine estimation of Lisinopril dihydrate and cilnidipine in pharmaceutical formulations. 

 

Table  Estimation of Lisinopril dihydrate and cilnidipine in Tablet Dosage Form 

 

 

Formulations 

(Tablet) 

Amount taken 

(μg/mL) 

Amount found 

(μg/mL) 

 

%Assay ± %RSD 

Lisino

pril 

dihyd

rate  

cilnid

ipine  

Lisino

pril 

dihyd

rate  

cilnidi

pine  

Lisinopril 

dihydrate  

cilnidipine  

Set-1 Set-2 10 

10 

25 

25 

9.88 

9.88 

25.07 

25.27 

98.82 ± 0.045 

98.82 ± 0.045 

100.31 ± 0.025 

101.10 ± 0.018 
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Conclusion  

The proposed Dual Wavelength Spectroscopic method was used for the estimation of Lisinopril dihydrate and 

cilnidipine. The developed method was validated as per ICH Q2 (R1) without any deviation and from the 

results it was concluded that the present method may be used for the routine analysis of the raw materials and 

in the pharmaceutical formulation. The linearity study was revels that the proposed method was give the linear 

results in the concentration range of 4–24 and 10–60 μg/mL for Lisinopril dihydrate and cilnidipine, 

respectively. From the results of precision data and low levels of % RSD, it was concluded that the proposed 

method was precise. The LOD and LOQ values were established for the Lisinopril dihydrate and cilnidipine. 

The %recovery for lisinopril dihydrate was found to be 98.82% and for cilnidipine were 100.24% and the low 

values of %RSD revels that the method was accurate in the established range. From the successful completion 

of validation study and from the results found, it was concluded that the proposed method was linear, sensitive, 

precise and accurate for the simultaneous estimation of Lisinopril dihydrate and cilnidipine in bulk and 

Pharmaceutical formulations. 
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