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Abstract:  
Since 2018, N-nitrosamine impurities have emerged 

as a significant global regulatory concern in 

pharmaceuticals due to their potential toxicity, 

carcinogenicity, and mutagenicity. These organic 

impurities contain the nitroso (N -N=O ) 

functional group and can induce severe health risks 

in humans, including DNA damage, cellular toxicity, 

organ-specific tumours, and metabolic or 

neurodegenerative conditions. While initial 

regulatory recalls targeted Satrans, ranitidine, and 

metformin, recent detections extend to broader drug 

classes including rifampicin, varenicline, 

famotidine, nizatidine, atorvastatin, bumetanide, 

itraconazole, enalapril, propranolol, lisinopril, 

duloxetine, rivaroxaban, pioglitazone, cilostazol, 

and sunitinib, losartan potassium. Nitrosamines 

primarily form through reactions between 

secondary/tertiary amines and nitro sating agents 

under acidic processing, formulation, or storage 

conditions. To safeguard drug supply chains, 

regulatory bodies (US FDA, EMA, ICH, WHO, 

ANVISA) have mandated risk assessments, 

confirmatory testing, and acceptable daily intake 

limits (26.6  to 96 ng/day ). Detecting these 

impurities at trace levels requires advanced, highly 

sensitive analytical methodologies such as LC-

MS/MS, GC-MS/MS, LC-HRMS and SFC. 
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I. INTRODUCTION: 
Losartan potassium is an angiotensin II 

receptor blocker (ARB) widely prescribed for 

hypertension, heart failure, and diabetic 

nephropathy. In recent years, global recalls of 

sartans were triggered by contamination with 

nitrosamines—potent genotoxic, mutagenic, and 

carcinogenic impurities (classified as Group 2A and 

2B by WHO/IARC). While guidelines such as ICH 

Q1A(R2) and ICH M7(R2) mandate strict stability 

and genotoxic impurity profiling, the specific 

chemical influence and reactivity of nitrosamines on 

the stability profile of losartan active pharmaceutical 

ingredient (API) under forced stress conditions 

remained poorly understood. 

 

II. AIM & OBJECTIVE: 

• Aim: Investigate the impact of four 

common nitrosamines—N -nitrosodimethylamine 

(NDMA), N -nitrosodiethylamine (NDEA), N -

nitrosodiisopropylamine (NDIPA) and N -

nitrosodibutylamine (NDBA)—on the chemical 

stability profile and degradation pathways of 

losartan API.  

 

• Objectives: 

1. Quantify losartan residual content under forced 

degradation stress conditions (acid, basic, 

thermal, oxidative, and photolytic) with and 
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without spiked nitrosamines (100 ppm) using 

HPLC-DAD and LC-MS.  

2. Monitor the formation or consumption of 

nitrosamine impurities during forced 

degradation.  

3. Elucidate and propose structural pathways for 

degradation products (DPs) using LC-MS/MS 

mass spectrometry.  

4. Perform computational in silico predictions 

using Zeneth Nexus and Spartan 08 software to 

model degradation pathways, frontier molecular 

orbitals (HOMO/LUMO), and nitrosamine 

reactivity descriptors. 

 

III. METHODOLOGY: 
 

 
Figure:1 – Various Approaches for Losartan API degradation of Nitrosamine Derivative. 

 

➢ Sample Preparation: Losartan API was 

tested alone or spiked individually with 100 ppm of 

NDMA, NDEA, NDIPA, or NDBA. 

➢ Forced Degradation Conditions (12 

hours  exposure): 

• Acid Hydrolysis: 1 mol L⁻¹ HCl at 25°C. 

• Basic Hydrolysis: 1 mol L⁻¹ NaOH at 

25°C. 

• Thermal Degradation: Heated at 60°C in 

an oven. 

• Oxidative Degradation: 3% H₂O₂ at 25°C. 

• Photolytic Degradation: Exposed to UVA 

radiation (352 nm, 30 W) at 25°C. 

➢ Chromatographic & Spectrometric 

Instrumentation: 

▪ HPLC-DAD: Phenomenex RP-18 column 

(150× 4.6  mm, 5 µm); isocratic elution using 

0.1% o-phosphoric acid (pH 2.5) and 

water:acetonitrile (90:10) at 55:45 ratio; flow rate 

1.0 mL min⁻¹; UV detection at 254 nm. 

▪ LC-MS/MS: Prosper STAR RP18 column 

(2.1× 50 mm, 2.0 µm); water (0.1% formic 

acid)/methanol gradient; APCI source in positive 

ionization MRM mode for quantitative tracking and 

full scan (m/ z  10–500) for DPs. 

 

 

➢ In Silico Modelling: 

▪ Zeneth Nexus (v9.0.1): Literature-based 

transformation algorithm predicting DPs under 

stress using Lowest Step Likelihood (LSL) scoring. 

▪ Spartan 08 (v116.2): DFT calculations 

(B3LYP/6-31G* basis set) to compute global 

reactivity descriptors, HOMO-LUMO energy gaps 
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(ΔE), and Molecular Electrostatic Potential (MEP) 

maps. 

 

1. PREDICTION: 

 

Step 1: Sample & Spike Matrix Preparation 

• Pure Control: Prepare a 1.0 mg mL
-1

 

solution of pure Losartan API in a compatible 

diluent (e.g., 50:50 water/methanol or mobile phase) 

to serve as the baseline control. 

• Nitrosamine-Spiked Samples: Prepare 

separate spiked samples of Losartan API by spiking 

each target nitrosamine at 100 ppm  

(0.10 μg mg
-1

 relative to API concentration): 

 

Table:1- Structures for Nitrosamine – From Losartan API. 

N-Nitrosamine Abbreviation Chemical Structure 
Molecular 

Formula 

Molecular 

Weight 

(g/mol) 

N-Nitroso dimethylamine NDMA CH₃–N(NO)–CH₃ C₂H₆N₂O 74.08 

N-Nitroso diethyl amine NDEA 
CH₃CH₂–N(NO)–

CH₂CH₃ 
C₄H₁₀N₂O 102.14 

N-Nitrosodiisopropylamine NDIPA 
(CH₃)₂CH–N(NO)–

CH(CH₃)₂ 
C₆H₁₄N₂O 130.19 

N-Nitrosodibutylamine NDBA 
CH₃CH₂CH₂CH₂–

N(NO)–CH₂CH₂CH₂CH₃ 
C₈H₁₈N₂O 158.24 

 

• Purpose: Spiking at 100 ppm  under stress testing evaluates whether stress conditions induce 

degradation pathways involving nitrosamines or lead to nitrosamines reacting with API degradation products 

(DPs). 

 

 
 

Step 2: 

Table: 2-  Execution of Forced Degradation Protocol: 

Degradation 

Type 

Stress Agent / Condition Temperature / 

Intensity 

Neutralization / Quenching Protocol 

Acid Hydrolysis 1.0 mol L
-1

 HCl  25
∘
C  Neutralize with equal volume of 

1.0 mol L
-1

 NaOH  prior to 

diluting. 

Basic 1.0 mol L
-1

 NaOH  25
∘
C  Neutralize with equal volume of 
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Hydrolysis 1.0 mol L
-1

 HCl  prior to diluting. 

Thermal Dry Heat (Oven) 60
∘
C  Cool to room temperature and 

reconstitute in diluent. 

Oxidative 3% H2O2  25
∘
C  Quench with catalase or dilute 

immediately prior to LC injection. 

Photolytic UVA Radiation 

(352 nm,30 W ) 

25
∘
C  Protect sample containers from light 

immediately after 12h exposure. 

 

Step 3: Screening & Peak Profiling via HPLC 

 

➢ Column: Phenomenex RP-18 (5 μm ) 

➢ Mobile Phase: Isocratic mixture (55:45 ratio) 

of: 

➢ Phase A: 0.1% o-phosphoric acid  in 

water (pH 2.5) 

➢ Phase B: Water : Acetonitrile (90:10 v/v) 

➢ Flow Rate & Detection: 1.0 mL min
-1

 at 
λ=254 nm. 

➢ Practical Steps: 

➢ Determine the percent loss of Losartan API 

across all 5 degradation conditions. 

➢ Map total Degradation Product (DP) profiles 

(peak counts, relative retention times [RRT], 

peak area percentages). 

➢ Verify chromatographic peak purity of Losartan 

using DAD spectral matching. 

 

 
Figure:2- Studies for Losartan Degradation by Using HPLC Analysis. 

 

Step:4-  Quantitative Tracking & Identification 

via LC-MS/MS 

Use LC-MS/MS with Atmospheric Pressure 

Chemical Ionization (APCI) in positive mode for 

sensitive target quantification and untargeted 

degradation identification. 

• Column: Prosper STAR RP18 (2.0 μm ) 

for high-efficiency resolution. 

• Mobile Phase: Water 

(0.1% formic acid ) / Methanol dynamic 

gradient elution. 

• Operational Modes: 
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o MRM Mode (Multiple Reaction 

Monitoring): Quantify trace nitrosamines (NDMA, 

NDEA, NDIPA, NDBA) at or below 100 ppm  

levels to track their stability or formation during 

degradation. 

o Full Scan Mode (m/ z 10--500): 

Detect unknown DPs and match observed m/ z  

parent/fragment ions against hypothesized 

degradation pathways. 

 
Figure:3- LC-MS/MS with Atmospheric Pressure Chemical Ionization (APCI) Detection for Losartan 

Impurities. 

 

✓ Step 5: In Silico Guidance & Data 

Reconciliation: 

✓ Correlate experimental LC-MS findings 

with the computational models to validate 

degradation mechanisms: 

✓ Zeneth Nexus (v9.0.1): 

✓ Filter predicted DPs using Lowest Step 

Likelihood (LSL) scores. 

✓ Cross-reference predicted molecular 

weights with m/ z  values observed in full-scan LC-

MS. 

✓ Spartan 08 (v116.2 DFT Calculations): 

✓ Use computed Molecular Electrostatic 

Potential (MEP) maps to identify 

electrophilic/nucleophilic reaction sites on Losartan 

(e.g., the imidazole or tetrazole rings). 

✓ Utilize HOMO-LUMO energy gaps (ΔE ) 

to evaluate chemical stability: lower ΔE  indicates 

sites more vulnerable to oxidation or hydrolysis. 
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Figure:4- Comparative Analysis for Losartan Degradation for Analysis Vs Software Predictions. 

 

Review Findings: 

• Drug Residual Content (HPLC & LC-

MS): 

o Photolysis: Least aggressive condition 

overall (losartan residual content 80%–90%), but 

samples containing nitrosamines showed 

significantly greater decomposition and a higher 

number of DPs.  

o Acid & Basic Hydrolysis: Caused severe 

drug loss (residual content ranged 41%–52% in acid 

and 28%–51% in basic media).  

o Oxidative Degradation: Increased 

decomposition observed, except when NDMA or 

NDEA were present.  

 
Figure:5- Different Force Degradation Analysis of Losartan API. 
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• Nitrosamine Reactivity & Protective Effect: LC-MS MRM analysis revealed that most nitrosamines 

were consumed during the 12 hr reaction and became undetectable. NDEA exhibited a protective effect against 

losartan loss under oxidation and acid hydrolysis, likely due to competitive consumption of the stressing reagent 

by NDEA.  

• Elucidation of Degradation Products: Seven distinct DPs were identified via LC-MS full scan data:  

 

 
Figure:6- Chemical Influence Losartan Degradation Products. 

 

o DP-1 (m/ z  449) & DP-2 (m/ z  447): 

Formed via breakdown of losartan dimeric adducts 

followed by tetrazole ring cleavage and oxidation. 

o DP-3 (m/ z  366): Generated by partial 

tetrazole ring fragmentation and loss of 

formaldehyde. 

o DP-4 (m/ z  338) & DP-5 (m/ z  274): 

Derived from oxidative cleavage/opening of the 

imidazole ring. 

o DP-6 (m/ z  391): Formed via imidazole 

ring opening and parallel oxidation. 

o DP-7 (m/ z  341): Acid/oxidative 

hydrolysis product structurally related to DP-4. 

 

• In Silico Results: Zeneth predicted over 

1,000 potential DPs (LSL score ≥600), directly 

matching several experimentally observed LC-MS 

ions (e.g., m/ z  393, 336, 310). Spartan DFT 

calculations established the chemical reactivity 

order based on HOMO-LUMO gaps (ΔE):  

 

NDBA (-9.44 eV )>NDIPA (-9.50 eV )>NDEA (-9.65 eV )>NDMA (-9.71 eV ), confirming 

NDBA as the most reactive nitrosamine. 

 

 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 5, Sep.-Oct.2026, pp:553-562 www.ijprajournal.com ISSN:2456-4494 

                                     

 

 

 

DOI: 10.5281/zenodo.22994439    | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal        Page 560 

 

 
Figure:7- Multidisciplinary Approaches for Losartan Degradation Product Findings. 

 

IV. DISCUSSION: 
The presence of nitrosamines meaningfully 

alters the degradation kinetics and impurity profile 

of losartan API. Although photolysis is 

quantitatively mild on losartan, nitrosamines—

particularly NDBA—accelerate photodegradation 

and promote secondary reaction pathways. The 

consumption of nitrosamines during forced 

degradation highlights their inherent chemical 

reactivity as competing nucleophiles or radical 

scavengers in complex reaction matrices. 

Combining experimental LC-MS structural 

fragmentation pathways with theoretical 

computational tools (Zeneth for pathway 

transformation and Spartan for DFT energy gaps) 

successfully explains the chemical vulnerability of 

losartan's imidazole and tetrazole functional groups. 

 

Table:3- Comparative on Forced Degradation, Chromatographic Analysis and In-Silico Modelling 

 

Parameter Forced Degradation 

Conditions 

Chromatographic & 

Spectrometric Analysis 

In-Silico Modelling 

Acid hydrolysis 1 mol L⁻¹ HCl, 25°C, 

12 h 

HPLC-DAD and LC-MS/MS 

used to monitor degradation and 

degradation products (DPs) 

Zeneth Nexus predicts 

probable acid-induced 

transformations 

Basic 

hydrolysis 

1 mol L⁻¹ NaOH, 25°C, 

12 h 

HPLC-DAD separation followed 

by LC-MS/MS characterization of 

DPs 

Transformation pathways 

predicted using literature-

based reaction rules 

Thermal 

degradation 

60°C in an oven, 12 h HPLC-DAD used for 

chromatographic profiling; LC-

Predicted thermal 

degradation pathways 
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MS/MS used for DP identification compared with 

experimental observations 

Oxidative 

degradation 

3% H₂O₂, 25°C, 12 h LC-MS/MS used for sensitive 

detection and structural 

characterization of oxidative DPs 

Zeneth Nexus predicts 

oxidation-prone sites and 

transformation products 

Photolytic 

degradation 

UVA radiation, 352 

nm, 30 W, 25°C, 12 h 

HPLC-DAD monitoring with LC-

MS/MS characterization of 

photolytic DPs 

Predicted photolytic 

transformations evaluated 

against experimental DPs 

HPLC-DAD — Phenomenex RP-18 column, 

[column dimensions], 5 µm; 

mobile phase: 0.1% o-phosphoric 

acid (pH 2.5)/water–acetonitrile 

(90:10) at 55:45; flow rate 1.0 mL 

min⁻¹; detection at 254 nm 

— 

LC-MS/MS — Prosper STAR RP18 column, 

[column dimensions], 2.0 µm; 

water containing 0.1% formic 

acid/methanol gradient; APCI 

positive-ion MRM for 

quantitative tracking and full-scan 

[m/z range] for DPs 

— 

Zeneth Nexus 

v9.0.1 

— — Literature-based 

transformation algorithm; 

predicts degradation 

products using Lowest 

Step Likelihood (LSL) 

scoring 

Spartan 08 

v116.2 

— — DFT at B3LYP/6-31G* 

level; calculation of 

global reactivity 

descriptors, HOMO–

LUMO energy gap, and 

MEP maps 

Overall 

purpose 

Generate representative 

degradation products 

under hydrolytic, 

thermal, oxidative and 

photolytic stress 

Separate, detect, quantify and 

structurally characterize the 

degradation products 

Rationalize 

experimentally observed 

degradation pathways and 

identify chemically 

reactive sites 

 

 

V. CONCLUSION: 
Nitrosamine impurities exert a statistically 

significant influence on the stability profile of 

losartan API under specific stress environments. 

While nitrosamines can undergo competitive 

degradation or exert a transient protective effect 

against stress agents, they actively alter the overall 

degradation footprint and increase the number of 

DPs generated. Integrating analytical methods 

(HPLC, LC-MS) with predictive computational 

tools (Zeneth, Spartan) provides an effective 

framework for evaluating impurity reactivity and 

ensuring pharmaceutical quality control. 
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