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ABSTRACT 
The current study aims in carrying out forced degradation studies on Cilnidipine, a calcium channel blocker and 
identifying the degradants obtained when the drug is subjected to various stress conditions forcefully. The separation 
was carried out using Shimadzu, LC/MS model 8030 with lab solutions 5.72 B as software and a PDA detector. The 
wavelength selected was 240 nm with a flow rate 1.00ml/min. The column temperature was 40±0.3°C and the run 
time was 18 min. The volume taken for injection was 5.0 µl. Phase A (0.1 % Formic acid in methanol: Acetonitrile 
in the ratio 80:20 v/v): phase B, (10 mM ammonium acetate) in gradient mode was used as a mobile phase. 
Cilnidipine  when forced to degradation by various methods showed degradation showed four major degradants in 
basic conditions. From the mass spectra of the degradants, a probable structure was identified. Cilnidipine showed 
degradation only in basic conditions while remained stable under acidic, oxidative and photolytic conditions. 
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INTRODUCTION 
Hypertension or high blood pressure is a very common condition in primary care and is becoming a major 
health issue in the world. If not detected early and treated it may lead to complications. The symptoms of 
hypertension go undetected till major damage to organs is done and hence also called a silent killer. 
Cilnidipine a calcium channel blocker is used in the treatment of high blood pressure. It inhibits both L-
type and N-type voltage-dependent calcium channels.1-6 It has been classified as a fourth-generation 
calcium channel blocker based on its actions on sympathetic neurotransmitter release. Many simple and 
validated methods have been reported for the estimation of Cilnidipine in single and in bulk drug 
pharmaceutical dosage forms.7-13 This work was directed towards the forced degradation study of 
Cilnidipine in various mild to strong conditions. 
                                      

EXPERIMENTAL 
Materials and Methods 
A free sample of Cilnidipine was obtained from ACME Generics Solan, Himachal Pradesh. HPLC/AR 
grade of chemicals and reagents were used for the work. LC/MS model 8030 of Shimadzu with lab 
solutions 5.72 B as software and a PDA detector was used for the analysis. The column used was X-
Select, Waters C18, (100mm X 4.6mm, 2.5 µm) and the wavelength selected was 240 nm with a flow rate 
of 1.00ml/min. The column temperature was 40±0.3°C and the run time was 18 min with an injection 
volume of 5.0 µl The mobile phase consisted of phase A, (0.1 % Formic acid in methanol: Acetonitrile in 
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the ratio 80:20 v/v): phase B, (10 mM ammonium acetate) in gradient mode
mg of   Cilnidipine was dissolved in 10 ml of methanol to give a 
A solution containing 1.0 mg/ml of Cilnidipin
methanol. This was then stored in a refrigerator at 5±3°C and used within 7 days from 
preparation. 
 
General Procedure For Degradation
Forced Degradation Studies14-1

Acid Hydrolysis 
To 1 ml of the standard mixture, 1 ml of 0.1N HCl was added in a flask for 1, 6, 12, 24 and 36 hours at 
room temperature. The solution was t
hydroxide and diluted to reach the targeted concentration and
 
Alkali Hydrolysis 
To 1 ml of the standard mixture, 1 ml of 1N sodium hydroxid
12, 24 and 36 hours at room temperature. 
neutralized with 1N hydrochloric acid. This was further diluted to reach a target concentration then 
injected into the system. 
 
Oxidative Stress 
To 1 ml of the standard mixture in two flasks 1ml of 3% and 10% hydrogen peroxide at room temperature 
for 1, 3 and 6 hours. The solution was cooled and diluted to reach a targeted concentration and then 
injected into the system. 
 
Photolytic Cleavage 
1 ml of the standard mixture was exposed to  UV light (254 nm), in 
hours. The mobile phase was used to
solution was injected and the stability of the sample was accessed through the chromatograms.

Forced degradation study was performed on a pure sample of Cilnidipine. In the present study
of Cilnidipine from its degradants was done by 
degradants were characterized by using their mass spectra. C
and was stable in acidic oxidative and photolytic cleavage.
 
Analysis of Basic Degradation Sample by LC/MS
Structural Identification of Degradation P
Liquid chromatography-mass spectroscopy was performed to identify the structure of Cilnidipine and its 
degradants The molecular ion and fragment ion peaks were identified using mass spectra of individual 
degradants. 

Fig.-1: HPLC C
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the ratio 80:20 v/v): phase B, (10 mM ammonium acetate) in gradient mode. A quantity equivalent to 40 
mg of   Cilnidipine was dissolved in 10 ml of methanol to give a concentration of 
A solution containing 1.0 mg/ml of Cilnidipine was prepared by diluting the above solution with 

This was then stored in a refrigerator at 5±3°C and used within 7 days from 

egradation 
18 

standard mixture, 1 ml of 0.1N HCl was added in a flask for 1, 6, 12, 24 and 36 hours at 
room temperature. The solution was then kept to attain room temperature, neutralized with 0.1N sodium 
hydroxide and diluted to reach the targeted concentration and injected in the system.

standard mixture, 1 ml of 1N sodium hydroxide was added in a flask for
12, 24 and 36 hours at room temperature. Once the solution attained the room temperature 
neutralized with 1N hydrochloric acid. This was further diluted to reach a target concentration then 

standard mixture in two flasks 1ml of 3% and 10% hydrogen peroxide at room temperature 
. The solution was cooled and diluted to reach a targeted concentration and then 

1 ml of the standard mixture was exposed to  UV light (254 nm), in the UV chamber for 12, 24 and 48 
e phase was used to dilute the above solution to get the required concentration. The 

solution was injected and the stability of the sample was accessed through the chromatograms.
  

RESULTS AND DISCUSSION 
degradation study was performed on a pure sample of Cilnidipine. In the present study

of Cilnidipine from its degradants was done by high-performance liquid chromatography
degradants were characterized by using their mass spectra. Cilnidipine was degraded in basic conditions 
and was stable in acidic oxidative and photolytic cleavage.  

Analysis of Basic Degradation Sample by LC/MS 
Identification of Degradation Products 

mass spectroscopy was performed to identify the structure of Cilnidipine and its 
degradants The molecular ion and fragment ion peaks were identified using mass spectra of individual 

1: HPLC Chromatogram of Cilnidipine  (RT-12.04 min) 
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. A quantity equivalent to 40 
concentration of 4 mg/ml of Cilnidipine.  

e was prepared by diluting the above solution with 
This was then stored in a refrigerator at 5±3°C and used within 7 days from the date of 

standard mixture, 1 ml of 0.1N HCl was added in a flask for 1, 6, 12, 24 and 36 hours at 
room temperature, neutralized with 0.1N sodium 

injected in the system. 

was added in a flask for and kept for  1, 6, 
room temperature it was 

neutralized with 1N hydrochloric acid. This was further diluted to reach a target concentration then 

standard mixture in two flasks 1ml of 3% and 10% hydrogen peroxide at room temperature 
. The solution was cooled and diluted to reach a targeted concentration and then 

UV chamber for 12, 24 and 48 
required concentration. The 

solution was injected and the stability of the sample was accessed through the chromatograms. 

degradation study was performed on a pure sample of Cilnidipine. In the present study, separation 
performance liquid chromatography. The major 

ilnidipine was degraded in basic conditions 

mass spectroscopy was performed to identify the structure of Cilnidipine and its 
degradants The molecular ion and fragment ion peaks were identified using mass spectra of individual 
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Fig.
 

S. No. Pure Cilnidipine and Degradants
1 
2 
2 
4 
5 

 

Table-2: Summary of the Structures of Degradants Obtained F
Condition  Structure  

Pure Cilnidipine 

O

Alkali Degradant 1 

 
Alkali Degradant 2 
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Fig.-2: HPLC Chromatogram of Base Degradation 

Table 1: Forced Degradation of Cilnidipine 
Pure Cilnidipine and Degradants Retention Time in min

Pure Cilnidipine 12.424
Alkali Degradant 1 7.411 
Alkali Degradant 2 8.308 
Alkali Degradant 3 9.490 
Alkali Degradant 4 9.690 

2: Summary of the Structures of Degradants Obtained From Mass Spectra
IUPAC Name

N
H

O

OO

O

NO2

 

3-cinnamyl-5(2
methoxyethyl)
dimethyl-4-(3
nitrophenyl)-1,4
dihydropyridine
3,5-dicarboxylate.

(E)-1-(prop-1-
enyl)benzene 
 

 

5-((2-
methoxyethoxy)car
bonyl)-2,6-
dimethyl-4-(3
nitrophenyl)-1,4
dihydropyridine
carboxylic acid
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ime in min 
12.424 

 
 
 
 

rom Mass Spectra 
ame Molecular 

Weight  
5(2-

methoxyethyl)-2,6-
(3-

1,4-
dihydropyridine-

dicarboxylate. 

492 

-
 

117 

methoxyethoxy)car

(3-
1,4-

dihydropyridine-3-
carboxylic acid 

376 
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Alkali Degradant 3 

Alkali Degradant 4 
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(Z)-2,6-dimethyl
(3-nitrophenyl)
((3-
phenylallyloxy)carb
onyl)-1,4-
dihydropyridine
carboxylic acid
 

 

(Z)-3-phenylallyl 
2,6-dimethyl-4
nitrophenyl)-1,4
dihydropyridine
carboxylate 
 

Fig.-3: LC/MS Spectrum of Degradant 1 

Fig.-4: LC/MS Spectrum of Degradant 2 

Fig.-5: LC/MS Spectrum of Degradant 3 
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dimethyl-4-
nitrophenyl)-5-

phenylallyloxy)carb

dihydropyridine-3-
acid 

434 

phenylallyl 
4-(3-
1,4-

dihydropyridine-3-

390 
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Cilnidipine degraded in only one of the degradation conditions of
conditions. It remained stable in acidic conditions, oxidative conditions and photolytic cleavage. The 
generated prominent degradants were 
enyl)benzene, 5-((2-methoxyethoxy)carbonyl)
carboxylic acid, (Z)-2,6-dimethyl
3-carboxylic acid and (Z)
carboxylate. 

My sincere gratitude to my guide Dr. Pankaj Kapupara, for his guidance and support throughout the work. 
The authors are thankful to ACME Generics Solan, Himachal Pradesh for providing gift sample of the 
drug. 
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Fig.-6: LC/MS Spectrum of Degradant 4 

CONCLUSION 
Cilnidipine degraded in only one of the degradation conditions of the four. Degradation was seen in basic 
conditions. It remained stable in acidic conditions, oxidative conditions and photolytic cleavage. The 
generated prominent degradants were identified by LC/MS. The degradants obtained were (E)

oxyethoxy)carbonyl)-2,6-dimethyl-4-(3-nitrophenyl)
dimethyl-4-(3-nitrophenyl)-5-((3-phenylallyloxy)carbonyl)

carboxylic acid and (Z)-3-phenylallyl 2,6-dimethyl-4-(3-nitrophenyl)
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