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Abstract: Isosorbide mononitrate (ISMN) is a nitrate ester used in the angina pectoris and chronic 

heart failure. It has potent vasodilator properties. The HPLC (High Performance Liquid 

Chromatography) is the most popular method for the analysis of the Isosorbide Mononitrate drug. The 

other analytical methods are LC (Liquid Chromatography), UV-visible spectroscopy and GC (Gas 

Chromatography). The various reported analytical methods having their own advantages and 

limitations. HPLC is widely used for the precise and sensitive quantification of tablet formulations, 

often enhanced by coupling with detectors like UV, fluorescence, or mass spectrometry. 

Spectrophotometric methods provide a cost-effective and straightforward approach for routine 

analysis of APIs in tablets by measuring absorbance or transmittance at specific wavelengths. Gas 

chromatography is utilized for the precise analysis of volatile components and specific stability 

studies in tablet formulations. Liquid chromatography enables precise quantification of active 

ingredients and impurities in tablet formulations. chromatographic techniques are preferred for 

comprehensive analysis while spectroscopic methods are valued for their simplicity, cost-

effectiveness  and speed in routine analysis. 
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1. Introduction 

Pharmaceutical analysis is a field within pharmaceutical sciences that focuses on the methods and 

techniques used to identify, quantify, and assess the quality of drugs and pharmaceuticals. There are 

two primary types of analysis: Qualitative & Quantitative.[1] The qualitative analysis focuses on 

identifying the components or substances present in a sample at the other side the qualitative analysis 

focus on the amount or concentration of a specific substance in a sample. Pharmaceutical analysis is 

vital for safeguarding patient health by ensuring that drugs are safe, effective, and of high quality. 

Pharmaceutical analysis relies on a diverse array of techniques to analyse the drug.[2] The choice of 

technique depends on factors such as the nature of the sample, the desired information, sensitivity, 

specificity, and cost. The roles of pharmaceutical analysis are identification & characterizing the 

potential drug, ensuring the quality & consistency of drug products, determine the shelf life & storage 

conditions and investigating counterfeit drugs. Here are the methods of pharmaceutical analysis 

shown in the figure.[3]  
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FIGURE 1 CLASSIFICATION OF ANALYTICAL METHODS 

 

1.1 Introduction to Spectroscopy 

Spectroscopy is the quantitative measurement of the reflection or transmission properties of a material 

as a function of wavelength. The advantage of these methods are low time and labour consumption 

with excellent precision. When electromagnetic radiation interacts with the matter it can be absorbed, 

emitted, or scattered.[4] There are three basic principles of the spectroscopy:  

1. Energy absorption: The sample can absorb specific wavelengths or frequencies of this radiation. 

This absorption corresponds to energy transitions within the atoms or molecules of the sample.  

2. Energy emission: The sample can emit radiation after absorbing energy. This emitted radiation 

can also provide information about the sample's composition.  

3. Scattering: Radiation can be scattered by the sample in different directions. Analysing the scattered 

light can reveal details about the sample's structure. Spectroscopy is important in pharmaceuticals for 

drug discovery, quality control, and manufacturing, ensuring drug safety and efficacy.[5] 

 

There are eight methods of the spectroscopy in pharmaceutical analysis: 

1) Ultraviolet-Visible (UV-Vis) Spectroscopy: UV spectroscopy involves measuring the 

absorption of ultraviolet light by a substance. It provides information about its molecular structure 
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and concentration, by analysing how light is absorbed at different wavelengths. UV spectroscopy 

can identify specific functional groups and quantify compounds in various samples. UV 

spectroscopy is efficient, requiring minimal sample preparation and fast results.[6] 

2) Infrared (IR) Spectroscopy: IR spectroscopy measures the absorption of infrared light by a 

substance, which causes vibrational transitions in its molecular bonds. This technique provides 

detailed information about molecular structure, functional groups, and bonding environments. IR 

spectroscopy is particularly effective for studying molecular vibrations and identifying specific 

chemical groups within a compound.[7] 

3) Nuclear Magnetic Resonance (NMR) Spectroscopy: NMR spectroscopy analyses the magnetic 

properties of atomic nuclei, providing detailed information about molecular structure and 

dynamics. This technique is highly effective for determining molecular structure, identifying 

functional groups, and elucidating chemical environments. It requires relatively large sample 

quantities and can be complex to interpret due to the intricacies of nuclear spin interactions.[8] 

4) Mass Spectroscopy: Mass spectrometry (MS) identifies and quantifies molecules based on their 

mass-to-charge ratio. It ionizes compounds and measures the resulting ions' mass, providing 

detailed information about molecular weight, structure, and composition.[9] 

5) Raman Spectroscopy: Raman spectroscopy analyses vibrational and rotational transitions in 

molecules by measuring the inelastic scattering of monochromatic light. This technique provides 

information about molecular bonding, structure, and dynamics. It is particularly useful for 

studying materials and complex biological systems.[10] 

6) Florescence Spectroscopy: Fluorescence spectroscopy measures the emission of light from a 

sample after it absorbs excitation light. This technique is highly sensitive and used for detecting 

and quantifying fluorescent molecules in various applications.[11] 

7) X-ray Crystallography: X-ray crystallography determines the atomic and molecular structure 

of a crystal by analysing the pattern of X-ray diffraction as the beam passes through the crystal. 

The resulting diffraction pattern provides precise information about the arrangement of atoms 

within the crystal lattice. This technique is crucial for elucidating the 3D structures of complex 

molecules, including proteins and pharmaceuticals. It is essential for understanding molecular 

interactions and designing new drugs.[12] 

8) Atomic Absorption Spectroscopy: Atomic Absorption Spectroscopy (AAS) measures the 

concentration of metal ions in a sample by detecting the amount of light absorbed by free atoms 

in a gaseous state. This technique is highly sensitive and effective for trace metal analysis in 

various samples, including pharmaceuticals. It provides accurate quantification of metals based 

on their characteristic absorption lines.[13] 

 

1.2 Theory of UV-Visible Spectroscopy 

The UV-Visible spectroscopy is basically based on the the interaction between the light and matter. 

The light interacts with solutions and homogeneous media primarily through reflection, absorption, 

and transmission. The UV-Visible Spectroscopy involves two laws Beer’s Law & Lambert’s Law 

which are as follow: 
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FIGURE 2 BEER-LAMBERT LAW GRAPH 

 
• Beer’s Law : The Beer’s law stats that “The absorption of light by a sample is proportional to its 

path length and concentration.” It describes the relationship between the absorbance of light by 

asolution and the concentration of the solute, along with the path length of the light through the 

solution. 

 

• Lambert’s Law : The Lambert’s law stats that “The rate of decrease of intensity of radiation with 

the thickness of the absorbing medium is directly propotional to the intensity of the incident 

radiation” it is used for describe the absorption of light by a homogeneous absorbong medium.[14] 

 

The Beer and Lambert’s law are similar that stats that the amount of energy absorbed or transmitted 

by a solution’s molar absorptivity and the concentraion of solute.[15] The formula is as follow: 

 

A  = εLc 

Where ; 

A is the amount of light absorbed for a particular wavelength by the sample 

ε is the molar extinction coefficient 

L is the distance covered by the light through the solution 

c is the concentration of the absorbing species 

 

2. Isosorbide Mononitrate : Drug Profile [17] [18] [19] 

The Isosorbide Mononitrate drug belongs to the nitrates category used for the nitrate therapy in angina 

pectroris. Angina pectoris is defined as substernal chest pain, pressure, or discomfort that is typically 

exacerbated by exertion or emotional stress. The major symptoms are ischemia, low cardiac output, 

myocardial infraction, decresed pulse & diaphoresis.[16] The Isosorbide Mononitrate tablet contain not 

less than 90 per cent and not more than 110 per cent of  C6H9NO6. The usual strength of isodorbide 

mononitrate is 10mg, 20mg, 40mg and 60mg. 

 

IUPAC Name: 8-nitrooxy-2,6-dioxabicyclo[3.3.0]octan-4-ol 

 

Molecular Formula: C6H9NO6 
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FIGURE 3 : STRUCTURE OF ISMN 

 

Molecular Weight: 191.14 g/mol 

Structure: Isosorbide Mononitrate is a nitrate ester of isosorbide, which is a cyclic sugar alcohol. The 

structure of isosorbide mononitrate includes a nitrate group attached to one of the hydroxyl groups of 

the isosorbide molecule. The basic structure of isosorbide mononitrate is a six-membered ring with 

two hydroxyl groups and one nitrate group. 

 

Synonyms: Isosorbide 5-Mononitrate, Isosorbide 5-Nitrate, Monosorbitrate, ISMN. 

Appearance: White or off-white crystalline powder. 

Melting Point: 88-91°C 

Solubility: Soluble in water, ethanol, and other organic solvents. 

Stability: Light sensitive, PH sensitive & temperature sensitive. 

Pka: First Pka = 4.5, Second Pka = 7.5 

Route of Administration: Oral 

Pharmacokinetics: ISMN is rapidly absorbed from GIT. It follows dose linear kinetics, the Cmax is 

reached within 30 to 60 minutes. The volume of distribution is around 0.4 to 0.6 L/kg. it is having 

low plasma protein binding. The ISMN is primarily metabolized by the liver and converted into 

isosorbide which further undergo excretion. About 93% of drug is excreted by urine in 48 hrs.  

Bioavailability: 40-50% 

Plasma Protein Binding: Low plasma protein binding (approx.,10%). 

Half Life: 5 Hrs 

Volume of Distribution: 0.4 to 0.8 Liter per kilogram (L/kg). 

 

3. Reported Methods of Isosorbide Mononitrate 

Selecting an assay method for a pharmaceutical product involves evaluating the method's sensitivity, 

specificity, and accuracy to ensure reliable quantification. The method should be compatible with the 

drug's chemical properties and formulation, and capable of distinguishing the active ingredient from 

impurities. Additionally, consider the practical aspects, such as the complexity of sample preparation, 

the required equipment, and the cost. The chosen method should also align with regulatory 

requirements and industry standards for quality control. 
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SR NO. API/DOSAGE 

FORM 

METHOD SUMMERY REFERENCE 

1. Tablet Liquid 

Chromatography 

Column: A stainless-steel 

column (25cm x 4.6mm) 

packed with end capped 

octyldecylsilane bounded to 

porous silica 

Mobile phase: mixture of 

equal volume of methanol 

& water 

Flow rate: 1ml/min 

Spectrophotometer set on 

225nm. 

20 

2. Bulk Material High Performance 

Liquid 

Chromatography -

tandem mass 

spectrometry 

Column: ZORBAXXDB-

C18(4.6×50mm,5µm) 

Mobile phase: acetonitrile 

and 2mM ammonium 

acetate in water with an 

isocratic elution of 90:10 

(v/v). 

Injection volume: 5µL 

Flow rate: 0.35mL/ min 

21 

3. Bulk Material Gas 

Chromatography-

mass spectrometry 

Column: HP-5 (50 m, 0.32 

mm, 0.17 mm) 

Mobile phase: The 

standard stock solutions of 

IS, ISDA and IS2A5N were 

prepared in diethyl ether at 

a concentration of 1 mg/ml. 

Injection volume: 0.1 ml 

Flow rate: 2ml/min 

22 

4. Bulk Material Liquid 

Chromatography 

Column: Merck 

Purosphere RP18e column 

(150 cm x 4.6 mm, 5µm) 

Mobile phase: Water: 

acetonitrile (80:20 v/v) 

Injection volume: 0.5 ml 

Flow rate: 1 mL/min 

23 

5. Tablet UV-Visible 

spectrophotometry 

Apparatus: Perkin Elmer 

lambda 25 UV-Visible 

spectrometer. 

Solvent: Distilled water 

Standard solution: 

Standard solution of ISMN 

(1mg/ml) was prepared in 

distilled water. 

Wavelength: 540 nm 

24 
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6. Bulk Material UV-Visible 

spectroscopy 

Apparatus: UV visible 

1601 Shimadzu double 

beam spectrophotometer. 

Solvent: Glacial acetic acid 

Standard solution: 0.2 gm 

of Isosorbide mononitrate 

standard and add 5 ml water 

and add sufficient glacial 

acetic acid to produce 25 ml 

Wavelength: 405 nm 

25 

7. Bulk Material RP-High 

Performance Liquid 

Chromatography 

Column: reverse phase 

Shiseido C18 column. 

Mobile phase: Phosphate 

Buffer (pH: 4): Methanol 

(30:70% V/V) 

Injection volume: 10μl 

Flow rate: 1 ml/min 

26 

8. Bulk Material High Performance 

Liquid 

Chromatography 

Column: Hitachi model 

635-T HPLC (15 cm x 4 

mm x 0.45 µm) 

Mobile phase: Methanol: 

water (25:75) 

Injection volume: 10μl 

Flow rate: 0.5 ml/min. 

27 

9. Bulk Material High Performance 

Liquid 

Chromatography 

Column: ODS 

[Phenomenex Bou clone 

C18] (250mm x 4.0mm)  

Mobile phase: Acetonitrile 

and water (6:4) 

Injection volume: 0.5 ml 

Flow rate: 1ml/min 

28 

10. Tablets UV-Visible 

Spectroscopy 

Apparatus: UV 

Spectrophotometer 

Solvent: Phosphate buffer 

(PH: 6.8) 

Standard solution: 

Standard solution of ISMN 

was prepared by dissolving 

in Phosphate buffer.  

Wavelength: 220nm  

29 

11. Bulk Material Liquid 

Chromatography 

Column: Zorbax Eclipse 

XDB-C18 

Mobile phase: Methanol 

and 10 mmol/L Ammonium 

acetate 

Injection volume: 10μl 

Flow rate: 1ml/min 

30 
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12. Bulk material  High Performance 

Liquid 

Chromatography 

Column: An C18 column 

(5μm, 250 ×4.6 mm) 

Mobile phase: methanol 

and water (25:75, v/v) 

Injection volume: 0.5 ml 

Flow rate: 1 ml/min 

31 

13. Bulk Material High Performance 

Liquid 

Chromatography 

Column: CTO-10 AS VP 

Mobile phase: water and 

acetonitrile (80:20 v/v) 

Injection volume: 0.5 ml 

Flow rate: 0.8 ml/min 

32 

14. Bulk Material Liquid 

Chromatography –

tandem mass 

spectrometry 

 

Column: C8 analytical 

column (100 mm × 2.1 mm 

i.d.) 

 Mobile phase: Water and 

acetonitrile (80:20 v/v) 

Injection volume: 0.5 ml  

Flow rate: 1.3ml/min 

33 

15. Bulk Material Liquid 

Chromatography 

Column: Pinnacle II Cyano 

column 

Mobile phase: 

4.15 × 10−2 mol/L sodium 

dodecyl sulphate and 

0.02 mol/L sodium 

dihydrogen phosphate with 

10% (v/v) of 1-propanol at 

pH 7.0. 

Injection volume: 10μl 

Flow rate: 25 μg/mL 

34 

16. Bulk Material High Performance 

Liquid 

Chromatography 

Column: ACQUITY 

UPLC™ BEH 

C18(100 mm × 2.1 mm, 

1.7 μm) 

Mobile phase: acetonitrile–

water (20:80, v/v) 

Injection volume: 10μl 

Flow rate: 0.3 ml/min 

35 

 

4. Conclusion 

The analysis of Isosorbide Mononitrate employs a range of methods, each offering distinct advantages 

and limitations. The HPLC offers high sensitivity, specificity, and resolution. Capable of quantifying 

a wide range of active ingredients and impurities in complex matrices. But it requires complex 

instrumentation and sample preparation. More time-consuming and costly compared to some other 

methods. The LC provides good separation and quantification of compounds and can be coupled with 

different detectors for enhanced analysis. Similar to HPLC, it can be complex and expensive. Not as 

simple as UV-Visible Spectroscopy for some applications. The UV-Visible Spectroscopy is simple, 

rapid, and cost-effective. It is ideal for routine analysis of APIs based on absorbance at specific 

wavelengths. Minimal sample preparation needed. But it is limited to compounds that absorb UV or 

visible light. Less specific and sensitive compared to chromatographic methods. GC excels in 

analysing volatile compounds but is less versatile for non-volatile components commonly found in 
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tablet formulations. As a result, the choice of analytical method depends on the specific requirements 

of the analysis, including the nature of the compounds, required sensitivity, and available resources. 
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