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Abstract
Semaglutide is a long-acting glucagon-like peptide-1 (GLP-1) receptor agonist widely used in the management of Type-2 diabetes mellitus and obesity. It is a peptide-based antidiabetic drug synthesized mainly through solid-phase peptide synthesis (SPPS) and liquid-phase peptide synthesis techniques. The present review summarizes the synthetic approaches, physicochemical characterization, impurity profiling, analytical method development, and validation parameters of semaglutide. Advanced analytical techniques such as RP-HPLC, UPLC, LC-MS/MS, HRMS, NMR spectroscopy, and FT-IR spectroscopy are employed for characterization and quality assessment. Validation studies confirm accuracy, precision, specificity, robustness, and stability of developed analytical methods according to ICH guidelines. 
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Introduction
Semaglutide is a synthetic peptide analogue of human GLP-1 having 94% sequence homology with endogenous GLP-1. It enhances insulin secretion, suppresses glucagon release, delays gastric emptying, and promotes satiety. It is marketed as:
Ozempic 
Rybelsus 
Wegovy 
Semaglutide possesses a modified peptide chain with a C18 fatty diacid side chain that improves albumin binding and extends half-life to approximately one week.

 Chemical Profile of Semaglutide
	Parameter
	Description

	Drug Class
	GLP-1 receptor agonist

	Molecular Formula
	C187H291N45O59

	Molecular Weight
	~4113.6 g/mol

	Route
	Subcutaneous / Oral

	Half-life
	~1 week

	Therapeutic Use
	Type-2 Diabetes Mellitus, Obesity



 Synthesis of Semaglutide
Solid-Phase Peptide Synthesis (SPPS)
Semaglutide is synthesized using Fmoc-based SPPS involving sequential coupling of protected amino acids on a resin support.
General Synthetic Steps
1. Resin loading 
2. Fmoc deprotection using piperidine 
3. Amino acid coupling using HBTU/HATU activation 
4. Repeated elongation of peptide chain 
5. Attachment of fatty acid linker 
6. Cleavage from resin using TFA 
7. Purification by preparative RP-HPLC 
8. Lyophilization 

Key Structural Modifications
Substitution of Ala at position-8 with Aib 
Lys26 acylation with stearic diacid linker 
Lys34 replacement with Arg 
These modifications increase enzymatic stability and prolong circulation time. 
Alternative Synthetic Approach
A recent two-step synthesis combines:
Inclusion body expression 
Solid-phase peptide synthesis 
This approach improves production efficiency and reduces manufacturing cost. 


Characterization of Semaglutide
 Fourier Transform Infrared Spectroscopy (FT-IR)
Used to identify:
Amide bonds 
Peptide linkage 
Functional groups 
Important Peaks
	Functional Group
	Peak (cm⁻¹)

	N–H stretching
	3310–3400

	Amide I
	~1648

	Amide II
	~1548


Nuclear Magnetic Resonance (NMR)
¹H-NMR and ¹³C-NMR
Used for:
Structural confirmation 
Peptide sequence verification 
Side chain identification 
Mass Spectrometry
LC-MS / HRMS
Confirms:
HRMS is particularly useful for impurity characterization and D-amino acid isomer detection. 
Molecular weight 
Purity 
Peptide fragmentation pattern 
High Performance Liquid Chromatography (HPLC)
RP-HPLC and UPLC are used for:
Assay determination 
Purity profiling 
Stability studies 
Dissolution analysis 
Retention time for semaglutide is reported around 0.87 min in optimized UPLC conditions. 
Method Development and Validation
Analytical validation follows ICH Q2 (R1) guidelines.
Validation Parameters
	Parameter
	Purpose

	Specificity
	Separation from impurities

	Linearity
	Response proportionality

	Accuracy
	Recovery study

	Precision
	Repeatability

	Robustness
	Stability against small changes

	LOD & LOQ
	Sensitivity determination

	System suitability
	Instrument performance



Example RP-UPLC Validation Data
	Parameter
	Result

	Linearity Range
	1.5–9.0 µg/mL

	Correlation Coefficient
	0.999

	% Recovery
	99–100%

	%RSD
	<2%

	Detection Wavelength
	230 nm


The developed methods showed excellent precision, accuracy, and robustness. 
Semaglutide undergoes forced degradation under:
Acidic conditions 
Basic conditions 
Oxidative stress 
Thermal degradation 
UV exposure 
Stability-indicating methods successfully separated degradation products from the main analyte. 

Impurity Profiling
Low-level D-amino acid impurities were characterized using LC-HRMS/MS.
Major Identified Impurities
D-Ser impurity 
D-Asp impurity 
D-His impurity 
These impurities are critical for peptide drug quality control. 

Conclusion
Semaglutide represents a significant advancement in peptide-based antidiabetic therapy. Modern synthetic strategies such as SPPS and hybrid expression systems enable efficient large-scale production. Characterization techniques including FT-IR, NMR, LC-MS, and HPLC ensure structural integrity and purity. Validated analytical methods demonstrate high accuracy, precision, and robustness, supporting pharmaceutical quality assurance and regulatory compliance.
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