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Currently, no forced degradation studies for Cilnidipine are available. Therefore, it is essential to monitor 
its stability under various conditions. The main medical disorders that Cilnidipine is used to treat are 
hypertension, which is high blood pressure, and angina, also known as chest discomfort. Cilnidipine 
underwent forced degradation experiments, and sample analysis was performed by liquid chromatography-
mass spectrometry (LC–MS). As per regulatory guidelines, the sample was subjected to hydrolytic, oxidative, 
thermal, and photolytic stress conditions. The drug remained stable when exposed to oxidative, thermal, 
and photolytic conditions; however, it underwent degradation under acidic and alkaline environments. 
The major deterioration, Impurity components formed during the forced degradation investigation, have 
been isolated to identify and quantify compounds. In alkaline conditions, three degradation products, 
designated as DP-1, DP-2, and DP-3, were formed, whereas acidic conditions yielded only one product 
(DP-4). A semi-preparative HPLC purification technique was used to isolate the identified degradation 
components. The compounds were characterised through high-resolution mass spectrometry (HRMS) 
and nuclear magnetic resonance (NMR) analyses, which included ¹H NMR, ¹³C NMR, heteronuclear single 
quantum coherence (HSQC), and heteronuclear multiple bond correlation (HMBC) techniques.
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A B S T R A C TA R T I C L E  I N F O

Introduction
One of the main causes of death globally is  disease. 
Cilnidipine (CDP) serves as a therapeutic agent for 
individuals with heart-related disorders, including 
hypertension and angina.[1,2] It is a member of the group 
of medications called calcium channel blockers. [3,4] By 
inhibiting both N-type and L-type calcium channels, 
cilnidipine induces dilation of arterioles and venules, 
thereby lowering capillary bed pressure.[5,6] Consequently, 
it seems that continuous treatment of vital hypertension 
with N-type calcium channel antagonists is safe and 
effective.[7,8] Cilnidipine’s distinct qualities, in particular, 
might offer a fresh approach to treating a sympathetic 

hyperactivity-related cardiovascular disease. [9,10] India, 
Japan, Nepal, China, and Korea have approved the use of 
CDP to treat hypertension.[11-14] 
Cilnidipine’s physical appearance is a powdery white solid, 
and it is marketed in dosages of 5 mg, 10 mg, and 20 mg. It 
retails in India under Clinblue, Cilacar, and Cinod, among 
others. [15,16] The IUPAC name of the CDP is 3-cinnamyl 
5-(2-methoxyethyl) 2, 6-dimethyl-4-(3-nitrophenyl)-1, 
4-dihydropyridine-3, 5-dicarboxylate. 
Pharmaceutically active compounds (APIs) are susceptible 
to deterioration due to their reactivity in different 
conditions.[17-19] Hence, a detailed investigation is necessary 
to understand forced or stressed degradation, the process 
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by which drugs break down under different conditions.
[20,21] These studies’ findings help clarify the generation of 
degradation products (DPs) and the breakdown route by 
contributing new guidance on both. The study also clarifies 
how API maintains its stability. Further to the ingredients 
used, this information is helpful in the formulation and 
storage of the medication. Additionally, the guidelines 
Q1A, Q1B, and Q2B issued by the International Council for 
Harmonisation (ICH) highlight the significance of stressed 
or forced degradation. [22,23] 
A comprehensive literature review shows that similar 
investigations were conducted on many different APIs 
utilising modern analytical techniques. [24,25] However, 
no research of this kind has been done on CDP. The DPs 
were recognised and isolated, a method was developed, 
and examined through various analytical procedures 
for characterisation. Accordingly, the present study 
aimed to employ UHPLC-MS, HRMS, and NMR (1D and 
2D) investigations to demonstrate in a straightforward 
way how the DPs are structured, evaluate the molecule’s 
stability, and gain insight into drug packaging and storage.

Materials And Methods

Chemicals and Reagents
One of the pharmaceutical companies in Hyderabad 
provided a gift sample of Cilnidipine (API). Analytical-
grade solvents and reagents were selected for the 
experiments. HPLC-grade methanol, acetonitrile, and 
formic acid, as well as AR-grade hydrochloric acid, sodium 
hydroxide, and hydrogen peroxide, were purchased from 
Merck India Ltd. At the same time, dimethyl sulfoxide-d6 
was sourced from Cambridge Isotope Laboratories. Water 
was filtered and utilized using the Millipore Milli-Q lab 
water purification system.

Instrumentation and Software
UHPLC with DAD was coupled to a dual polarit y 
electrospray ionisation (ESI) mode Waters SQD mass 
detector, with a detection range of 100–1500 m/z. Key 
parameters: 3.5 kV capillary voltage, 140°C source, 350°C 
desolvation, gas flow rates were adjusted to 650 L/h for 
desolvation and 50 L/h for the cone. Chromatography run 
time was 4 min with 0.5 μL injection at 10°C, controlled 
by MassLynx 4.2 software. Isolation of degradation 
products was achieved using Waters modules (pump 
2545, autosampler 2707, detector 2489) operated with 
ChromScope 2.1 software. HRMS was performed on a 
Thermo Fisher Q Exactive Orbitrap coupled with a Dionex 
Ultimate 3000 LC system using Xcalibur software. NMR 
spectra were acquired on a Bruker Avance Neo 400 MHz 
spectrometer with Topspin 4.11 software. A Shimadzu 
AP-AD balance was employed for sample weighing.

Method development
To optimise resolution between degradation products and 

Cilnidipine (CDP), various UPLC columns (YMC Triart C18, 
Acquity BEH C18, etc.) and buffer combinations (formic 
acid, trifluoracetic acid, ammonium bicarbonate) with 
organic solvents like acetonitrile and methanol were 
tested.

High-Resolution Mass Spectrometry
Thermo Fisher Q Exactive Orbitrap mass spectrometer 
with an ESI source, in combination with a Dionex Ultimate 
3000 LC system fitted with a PDA detector, was employed 
for HRMS analysis and operated via Xcalibur software. The 
instrument was operated with a spray voltage of 3500 V, a 
capillary temperature of 270°C, an auxiliary gas flow rate 
of 14, an auxiliary heater temperature of 440°C, a sheath 
gas flow rate of 53, and sweep gas 3. Chromatographic 
conditions were consistent with those used for UHPLC–MS, 
with the exception of a flow rate set at 0.7 mL/min. The 
mass fragmentation profiles of all DPs are summarised 
in Table 1.

Method of Degradation 
In accordance with ICH stability guidelines, the drug was 
exposed to acid, alkali, oxidative, thermal, and photolytic 
stress conditions to evaluate its degradation profile. A 10 
mg/mL CDP stock solution in 100% ethanol was prepared 
for acid and base degradation using 1.0 N hydrochloric acid 
(HCl) and 1.0 N sodium hydroxide (NaOH). The solution 
was stirred at room temperature and 70°C, and samples 
were extracted, neutralised, and diluted to 100 μg/mL for 
analysis. Oxidative degradation was carried out by diluting 
CDP with 30% hydrogen peroxide, and the mixture was 
stirred at room temperature. Thermal degradation was 
performed by exposing 20 mg of CDP to 100°C for 48 hours. 
Photodegradation was studied by exposing 20 mg of CDP 
to UV light at 254 nm for 48 hours.

Product 
name 

Molecular 
formula 

Calculated mass 
(m/z) 

Obtained 
mass (m/z) Fragments (m/z) 

Cilnidipine C27H28N2O7 493.1930 493.1971 434.1478, 376.1271, 
117.0704, 59.0497 

DP-1 C14H12N2O4 273.0831 273.0884 - 

DP-2 C18H20N2O7 377.1304 377.1348 317.0774, 59.0497 

DP-3 C24H22N2O6 435.1511 435.1554 317.0774, 117.0704 

DP-4 C17H18N2O5 331.1249 331.5300 273.0875, 59.04977 
 

Table 1: HRMS data for CDP and all DPs.

Table 2: Gradient program for isolation of basic degradation products

Time (min) Flow (mL/min) % of pump A % of pump B

00.01 15 90 10

02.00 15 90 10

12.00 15 40 60

12.50 15 2 98

15.00 15 2 98

15.50 15 90 10

20.00 15 90 10
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Optimisation of Chromatographic Conditions
Evaluation across multiple trials revealed that 0.05% 
formic acid in water and acetonitrile, together with 
YMC Triart C18, Acquity BEH C18, and Cortex UPLC C18 
columns, achieved desirable results, while other columns 
showed unsatisfactory peak shapes or lower resolution. 
The YMC Triart C18 (30 × 2.1 mm, 1.9 μm) column was 
tested under various gradient settings and flow rates. 
Resolution of CDP along with all degradation products 
was achieved under a binary gradient elution of 0.05% 
formic acid in water and acetonitrile at a flow rate of 0.6 
mL/min and a column temperature of 35°C. The eluents 
were monitored by PDA detection.

Sample Preparation for Purification
CDP was subjected to heat, light, oxidation, acidic, and 
alkaline conditions, with degradation observed in both 
acidic and basic environments. The alkaline-degraded 
sample was neutralised using 5 N hydrochloric acid 
(HCl) and lyophilized to produce a free solid. Following 
neutralization with saturated ammonium bicarbonate, 
the acid-degraded sample was lyophilized, yielding a 
crude solid. Both stress samples were dissolved in 3–4 
mL of mobile phase and subjected to preparative HPLC 
purification.

Isolation of Degradation Products
Under basic stress, degradation resulted in 3, 7, and 9% 
impurity levels. An XSelect CSH Phenyl-Hexyl (250 × 19 
mm, 5 μm) column was employed for isolation, utilising 
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Fig. 3: Degradation behaviour of cilnidipine in acid hydrolysis.
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Fig. 2: Degradation trend of cilnidipine.

Table 3: Gradient program for isolation of acidic degradation products

Time (min) Flow (mL/min) % of pump A % of pump B

00.01 18 90 10

02.00 18 90 10

12.00 18 10 90

12.50 18 2 98

15.00 18 2 98

15.50 18 90 10

20.00 18 90 10
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10 mM ammonium bicarbonate in water and acetonitrile 
as the mobile phase, following the gradient in supporting 
information Table 2. Exposure to acidic stress led to 4% 
degradation. The corresponding degradation product 
was isolated on an Inertsil ODS-3 (250 × 20 mm, 5 μm) 
column with 0.1% formic acid in water and acetonitrile as 
the mobile phase, as detailed in Supporting Information 
Table 3. After successive injections, fraction collection was 
carried out according to the UV detector response, and 
UHPLC-MS confirmed the molecular weights. The collected 
fractions were lyophilised.

Results And Discussion
The outcomes of each stress study were carefully 
determined by analysing individual samples using mass 
spectrometry (MS), specifically UHPLC-MS and HRMS, to 
track the formation of the degradation products over time. 
Detailed analysis revealed four significant DPs, which were 
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Table 4: Degradation conditions and outcomes.

Conditions
% of degradation products and Cilnidipine

DP-1 DP-2 DP-3 DP-4 Cilnidipine

Cilnidipine - - - - 99.37

Acidic (1N HCl stirring at 70°C up to 48 h) - - - 4.22 95.78

Basic (1N NaOH stirring at 70°C up to 48 h) 3.14 7.27 9.10 - 80.49

Oxidative (30% H2O2 stirring at rt up to 48 h) - - - - 99.37

Thermal (exposed to 100◦C up to 48 h) - - - - 99.37

Photolytic (exposed at 254 nm for 48 h) - - - - 99.37
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separated and characterised using multiple analytical 
techniques: UHPLC-MS for their initial identification, 
HRMS for high-resolution mass analysis, and NMR (both 
1D and 2D) for detailed structural elucidation.
The degradation studies showed that the acid and base 
stress conditions resulted in the formation of four major 
DPs. These conditions were particularly effective in 
promoting degradation, with noticeable shifts in molecular 
structures. Isolation of four DPs was achieved, followed 
by structural confirmation through comparison with the 
standard CDP molecule and using their mass fragmentation 
patterns. Each of these degradation products showed 
distinct chromatographic behaviour, with varying MS data 
providing retention times and corresponding m/z ratios. 
Fig. 1 provides a visual representation of the proposed 
structures by which acid and base degradation of the 
CDP leads to the formation of these four DPs. The reaction 
pathways suggest that the degradation of CDP involves 

cleavages at specific sites of the molecule, leading to 
products with different molecular weights. The identified 
DPs could potentially serve as markers for stability testing 
and could provide insights into the degradation pathway 
of the compound, which is essential for pharmaceutical 
development and formulation stability studies. 
The stability of the CDP molecule was evaluated under 
various stress conditions, revealing that it was found 
to be resistant to degradation under oxidative, thermal, 
and photolytic conditions, as no significant degradation 
occurred under these conditions. This supports the 
conclusion that CDP maintains its integrity in oxidative, 
heat, and UV-exposed environments. However, the CDP 
molecule exhibited hydrolyzability under acidic and basic 
conditions, where degradation was observed.
When CDP was stirred in solutions of 1.0 N hydrochloric 
acid and 1.0 N sodium hydroxide maintained at 70°C for 
up to 48 hours, the degradation was more pronounced in 
the alkaline environment. The base hydrolysis resulted 
in 20% degradation, while the acid hydrolysis led to only 
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Fig. 11: HMBC data of DP-2.
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influence the degradation rate significantly. An increase in 
temperature led to a higher degradation rate and greater 
formation of degradation products, indicating that higher 
temperatures accelerate the degradation process.

Structural Confirmations of Degradation Products
All analy tical data, including MS, HRMS, and the 
degradation product structures, were confirmed through 
NMR spectral analysis. In the supporting information, Fig. 
4 suggests a mechanism underlying the generation of DP-1 
to DP-4 under basic and acidic conditions. The degradation 
pathway illustrates how the CDP molecule undergoes 
structural changes, as supported by the observed mass 
fragmentation patterns and NMR chemical shifts.

CDP Characterization
Mass spectrometry and high-resolution mass spectrometry 
confirmed the mass of CDP, yielding [M+H]+ ions at 
m/z 493.68 and 493.1971, respectively, consistent with 
the molecular formula C₂₇H₂₈N₂O₇ (see Supporting 
Information, Fig. 5). The full structural characterisation 
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4% degradation, as shown in Fig. 2. In the supporting 
information, Table 4 summarises the degradation 
conditions and outcomes. The degradation chromatograms 
for base and acid hydrolysis are depicted in Fig. 3.
Under alkaline stress, three degradation products (DP-1, 
DP-2, and DP-3) were observed, while acidic conditions 
yielded a single product (DP-4). These findings suggest 
that the degradation mechanism under acidic and basic 
stress differs. Furthermore, temperature was found to 
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of CDP was achieved using NMR spectroscopy, with the 
sample dissolved in DMSO-d₆ for analysis. The 1H NMR 
spectrum revealed a total of 28 protons: 16 protons in 
the aliphatic region (2.23–4.64 ppm) and twelve protons 
were observed in the aromatic region (δ 6.20–9.05 ppm). 
HMBC spectroscopy (Fig. 6) indicated the absence of a 3J 
correlation from the NH proton to C-2 and C-6. However, 
H-18 exhibited a 3J correlation to C-16 and C-19, as well as 
a 4J correlation to C-19, C-24, and C-21. Additionally, H-17 
showed a 3J correlation to C-19 and a 4J correlation to C-20 
and C-24.

DP-1 Characterization
When CDP was treated with a base, it produced the 
degradation product DP-1. The isolated compound was 
characterised by LC-MS and HR-MS, which yielded an 
[M+H]+ ion at m/z 273.48 and 273.0884, respectively, 
corresponding to the chemical formula C₁₄H₁₂N₂O₄ 
(In supporting information Fig. 7). The full structural 
characterisation of DP-1 was elucidated using NMR 
spectroscopy. For the analysis, the sample was dissolved in 
DMSO-d₆. The 1H NMR spectrum in Fig. 8 revealed a total 
of 12 protons: Six protons were observed in the aliphatic 
region (δ 1.5–4.0 ppm) and six protons in the aromatic 
region (δ 6.5–8.5 ppm).

DP-2 Characterization
Base-induced degradation of CDP produced DP-2. The 
isolated compound was characterised by mass LC-MS 
and HR-MS, which yielded an [M+H]+ ion at m/z 377.57 
and 377.1295, respectively, consistent with the chemical 
formula C₁₈H₂₀N₂O₇ (In supporting information Fig. 9). The 
sample was dissolved in DMSO-d₆ for NMR spectroscopy 
analysis. The 1H-NMR spectrum revealed a total of 20 
protons: Thirteen protons were observed in the aliphatic 
region (δ 1.5–4.0 ppm), while four protons were detected 
in the aromatic region (δ 6.5–8.5 ppm), one quaternary 
proton, and two D₂O-exchangeable protons observed at 8.9 
ppm and 11.8 ppm. In the gradient heteronuclear multiple 

bond correlation (HMBC) spectrum, a 3J correlation was 
absent between H-14 and C-13/C-6, whereas H-18 showed 
a 3J correlation to C-16. Figs 10 and 11 present the HSQC 
and HMBC spectra, respectively.

DP-3 Characterization
The base treatment of CDP led to the formation of 
degradation product DP-3. The isolated compound was 
characterised by LC-MS and HR-MS, which yielded an 
[M+H]+ ion at m/z 435.62 and 435.1554, respectively, 
consistent with the elemental formula C₂₄H₂₂N₂O₆ 
shown in supporting information Fig. 12. The 1H NMR 
spectrum revealed a total of 21 protons: the aliphatic 
region (δ 1.5–4.0 ppm) exhibited six proton signals, 
while the aromatic region (δ 6.5–8.5 ppm) displayed nine 
protons, 2 between 4.5–5.0 ppm, 2 between 6.0–6.5 ppm, 
1 quaternary proton, and 1 proton at 8.9 ppm, which was 
identified as D₂O-exchangeable. The HMBC spectrum 
(Fig. 13) showed the absence of a 3J correlation from the 
NH proton to C-2 and C-6. However, H-18 exhibited a 3J 
correlation to C-17 and C-20. Additionally, H-19 showed 3J 
relationship to C-20, C-21, and C-25, while H-17 displayed 
a 3J correlation to C-16.

DP-4 Characterization
Exposure of CDP to acidic conditions led to the formation 
of the degradation product DP-4. The isolated compound 
was characterised by LC-MS, which yielded an [M+H]+ ion 
at m/z 331.53, corresponding to the elemental formula 
C₁₇H₁₈N₂O₅ (In the supporting information, Fig. 14). The 
1H NMR spectrum revealed a total of 18 protons: Eleven 
protons were observed in the aliphatic region (δ 1.5–4.0 
ppm), five protons in the aromatic region (δ 6.5–8.5 ppm), 
and 2 additional protons around 4.1 ppm. In the gHMBC 
spectrum, a 3J correlation was notably absent between 
H-10 and C-12. Figs 15 and 16 present the HMBC and HSQC 
spectra, respectively.

Conclusion
The stability of cilnidipine under various stress conditions 
was evaluated following ICH recommendations. While 
remaining stable under oxidative, thermal, and photolytic 
conditions, cilnidipine degraded when exposed to acidic or 
alkaline environments. Four distinct degradation products 
(DPs) were identified, with DP-1 and DP-4 forming due 
to ester hydrolysis and CO2 loss, and DP-2 and DP-3 
resulting from ester hydrolysis. These DPs were fully 
characterised using 1D and 2D NMR and HRMS. While DP-1 
and DP-4 are newly identified, DP-2 and DP-3 have been 
documented in the literature but were not characterised 
before this study. This investigation constitutes the first 
detailed structural characterisation of cilnidipine and 
its associated degradation products using advanced 
spectroscopic methods, supported by well-developed 
UHPLC-MS techniques for effective separation.
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