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Purity profiling involves the meticulous gathering and analysis of information to 

ascertain the biological safety of specific impurities, underscoring its crucial role and 

extensive scope within pharmaceutical research. In the realm of pharmaceuticals, the 

term "impurity" lacks a precise definition. Impurity profiling encompasses the 

identification, structural clarification, and quantitative assessment of impurities and 

degradation products present in bulk medicinal materials and pharmaceutical 

formulations. Given that undisclosed and potentially harmful impurities pose a threat to 

health, their detection and quantification through meticulous methods are imperative to 

bolster the safety of drug therapy, rendering impurity profiling increasingly pivotal in 

modern pharmaceutical analysis. Impurities are commonly denoted by terms such as 

residual solvents, byproducts, transformation products, degradation products, 

interaction products, and related substances. Determining impurity identities involves 

employing diverse chromatographic techniques alongside compliance with CGMP 

(Current Good Manufacturing Practices), QC (Quality Control), QA (Quality 

Assurance), and water activity examinations. Furthermore, a pharmaceutical ingredient 

must meet the criteria for novel impurities. The process of segregating and 

characterizing impurities assumes great significance as it enables the accumulation and 

assessment of data that establishes biological safety, thus highlighting the 

indispensability and potential of drug impurity profiling in pharmaceutical research. To 

effectively segregate and quantify impurities, an array of instrumental analytical 

methods has been consistently employed 
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The detection and regulatory assessment of organic 

impurities present a formidable challenge due to the myriad 

sources of such impurities, including microbiological 

contamination, API (Active Pharmaceutical Ingredient) 

breakdown products, and trace amounts of intermediates 

INTRODUCTION 

In the pharmaceutical industry, a constant 

principle dictates that products must exhibit the 

highest possible purity. Whether derived from 

natural sources or synthesized through chemical 

processes, pharmaceuticals are perpetually 

undergoing development. Purity has thus assumed 

a critical role in ensuring drug quality, as virtually 

no market-available drug remains safe when 

consumed in excessive amounts. Between the era 

of Paracelsus in the 16th century and Ehrlich’s 

time, a transition occurred from utilizing entire 

natural products to refined extracts or chemically 

manufactured compounds [1]. The foundational 

core of all pharmaceutical sectors lies in the bulk 

drug industry, where active pharmaceutical 

ingredients (APIs) of specific grades originate. 

Over the past few decades, considerable emphasis 

has been placed on the quality of new drugs 

entering the market. This quality assurance 

challenge extends to both pharmaceutical and bulk 

medication domains, necessitating stringent 

quality control assessments to safeguard product 

integrity. 

The purity of the active medicinal ingredient is 

influenced by factors such as crystallization 

methods, purification procedures, and the raw 

materials employed in synthesis. The concept of 

purity evolves in tandem with advances in 

analytical chemistry, with pharmacopoeias 

establishing stringent limits on contaminant levels 

alongside purity criteria. Current analytical 

methodologies, which simultaneously segregate 

and quantify components, hold a prominent 

position in scientific research, facilitating the 

distinction and characterization of contaminants. 

Pharmaceutical impurities, undesirable substances 

associated with Active Pharmaceutical Ingredients 

(APIs), emerge during formulation or with the 

aging of medications [2,3]. The term “impurities 

in pharmaceuticals” encompasses unwanted 

entities present in APIs during formulation or 

aging [4-7]. These impurities can infiltrate drug 

products during formulation or interact with 

packaging materials, augmenting the diverse 

impurities inherent in drug products, including the 

drug substance and inert components employed for 

formulation. The definition of impurities extends 

to “any component of the drug product that is not 

a drug substance or an excipient in the drug 

product,” as outlined by ICH Q6A: Requirements 

[8]. The burgeoning interest in impurities within 

Active Pharmaceutical Ingredients (APIs) is 

evident. Recent regulatory mandates have 

compelled the need for both purity and impurity 

profiles. Within the pharmaceutical sector, an 

impurity is defined as any additional organic 

substance arising from synthesis or undesirable 

compounds that persist within APIs. These 

impurities can emerge during formulation or 

subsequent to the aging of both raw and formed 

APIs within pharmaceutical products. The 

identification of impurities, exemplified by 1-(1, 2, 

3, 5, 6, 7-hexahydro-s-indacen-4-yl)-3-4[-1-

hydroxy-1-methyl-ethyl]-furan-2-sulphonylurea, 

through a multidisciplinary approach, effectively 

underscores this characterization [9]. Even minute 

quantities of these undesired compounds can 

adversely affect the safety and efficacy of 

medicinal products. Regulatory authorities are 

now placing significant emphasis on impurity 

profiling, encompassing the identification and 

quantification of impurities present in 

medications. Various Pharmacopoeias, such as the 

British Pharmacopoeia (BP), United States 

Pharmacopoeia (USP), and Indian Pharmacopoeia 

(IP), are progressively incorporating limits on 

allowable levels of impurities within APIs and 

formulations. Additionally, the International 

Conference on Harmonization of Technical 
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Requirements for Registration of Pharmaceuticals 

for Human Use (ICH) has issued guidelines for 

validating methodologies to analyze impurities in 

new drug substances, products, residual solvents, 

and microbiological impurities [10-13]. 

I. DEFINITION OF IMPURITY AND 

IMPURITY PROFILING 

Impurity 

Pharmaceutical impurities are the unwanted 

chemicals that remain with active.   

pharmaceutical ingredients (APIs) or drug product 

formulations. 

As defined by the United States Pharmacopeia 

(USP), impurity is “any component of a drug 

substance that is not the chemical entity defined as 

the drug substance and in addition, for a drug 

product, any component that is not a formulation 

ingredient”. 

Impurity Profiling 

The description, characterization and quantitation 

of identified and unidentified impurities present in 

the drug substances is known as impurity profile. 

An impurity profile is a description of both known 

and unknown impurities, Contaminants in 

pharmaceutical products. 

Why Drug Companies and Regulators Care 

About Impurity Profiles in Medicines: 

a. It's really important to know what unwanted 

stuff might be in a new medicine or when making 

an existing one. Scientists who make drugs can 

often change how they make the drug to stop or 

reduce these unwanted things. They need to 

understand what these unwanted things look like. 

b. The impurities can be manufactured after 

having recommended structures for them, 

providing concrete proof of the structures that 

were previously established using spectroscopic 

techniques. 

c. When creating a selective procedure for the 

quantitative analysis, the material created might be 

utilized as an "impurity standard." identifying the 

impurity and applying using this technique as a 

quality control measure testing of every batch. 

d. In the event of significant contaminants, the 

synthetic or solitary materials could be exposed to 

Thus, toxicological research significantly 

contributes to the security of pharmacological 

therapy. 

e. The impurity profile of a drug substance is a 

reliable fingerprint for drug regulators to identify 

the consistency and scale of the production process 

of the bulk drug substance [14]. 

II. PHARMACOPOEIAL AND 

REGULATORY GUIDELINES AND STATUS 

ON IMPURITY PROFILING 

In earlier versions of several pharmacopoeias, they 

didn't pay much attention to checking for 

impurities in medications. But in more recent 

editions, they've started focusing on it for many 

medications and included it in their guidelines. 

They've set limits on how much contamination is 

allowed in both the active ingredients and the final 

drug products in documents like the IP, BP, and 

USP. The International Conference on 

Harmonization (ICH) has also provided guidelines 

on how to test for impurities in new drugs, 

including substances, final products, any leftover 

chemicals, and microbial impurities [15]. 

According to USP, improvements in analytical 

chemistry are inseparable from changes in the idea 

of purity over time. If an item that was once 

thought to be pure can now be classified as having 

inorganic, organic, isomeric, or polymeric 

components that are deemed impurities. 

Creating quality standards for medicines can be 

challenging because some medicines might have 

too many impurities, while others might have too 

few. If a medication changes over time, the tests 

that show if it's still good also show if it's still pure 

[16]. The BP (British Pharmacopoeia) divides 

impurities into two categories: "Qualified 

Detectable Impurities" and other "Impurities." 

These are the impurities that are considered 
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acceptable by competent authorities. They can be 

naturally occurring or present in very small 

amounts (less than 0.1%), but they are still 

controlled through testing. The purpose of the 

pharmacopoeia's guidelines is to ensure that 

medicines meet a minimum acceptable standard 

for consumers. Many guidelines focus on reducing 

impurities and byproducts that can degrade 

medicines. However, it's not practical to test for 

every possible impurity, contaminant, or 

adulterant in every medicine's guideline [17]. 

Table 1 lists the impurity acceptability standard. 

Impurities in drug products must be monitored for 

safety, efficacy, and economic as well as 

competitive reasons. However, even in the 

pharmaceutical sciences and business, monitoring 

contaminants and regulating these impurities 

might imply different things to different 

individuals or to the same people at different 

times. To ensure that everyone uses the same word 

when addressing queries about impurity, a 

combined terminology is required. The guidance 

created under the direction of the ICH has been 

approved by the US Food and Drug 

Administration (US-FDA). The European Union 

(EU), Japan, and the United States worked 

together to produce the ICH guideline for 

impurities in pharmaceuticals, which has helped to 

ensure that different areas have dependable 

standards for the data that should be reported to 

various regulatory bodies. The guidelines support 

the FDA reviewers and field investigators in their 

consistent interpretation and application of 

regulations, as well as the sponsors of New Drug 

Applications (NDA) or Abbreviated New Drug 

Applications (ANDA) with the type of information 

that should be submitted with their applications. 

The different regulatory requirements for 

impurities, Table 2 [18]. 

Table 1 Acceptance criteria for Impurities (As per Indian Pharmacopoeia 

Criterion For Drug Substances For Drug Products 

Each identified specified 

impurity 

0.5% - 

Each unidentified impurity 0.3% - 

Total impurity 1.0% - 

Each identified specific 

degradation product 

- 1.0% 

Each unidentified 

degradation product 

- 0.5% 

Total degradation product - 2.0% 

 

Guideline Depiction 

Q1A ICH guidelines “stability testing of new drug substances and 

products” 

Q3A ICH guidelines “Impurities in New Drug Substances” 

Q3B ICH guidelines “Impurities in New Drug Products” 

Q3C ICH guidelines “Impurities: Guidelines for residual 

solvents” 

US-FDA “NDAs -Impurities in New Drug Substances” 

USFDA “ANDAs – Impurities in New Drug Substances” 

Table 2 Regulatory guidelines

  



Nikit S. Thakare, Int. J. in Pharm. Sci., 2023, Vol 1, Issue 11, 571-587 | Review 

                 

              INTERNATIONAL JOURNAL IN PHARMACEUTICAL SCIENCES                                                                                    575 | P a g e  

III. SOURCES OF IMPURITY IN MEDICINE 

(Impurities in medications can come from three 

main sources:) Impurities related to the main 

active ingredients (APIs): These can happen due to 

how the chemical structure is arranged, how it's 

made into crystals, or the specific groups of atoms 

in the APIs. Impurities related to the 

manufacturing process: These can be caused by 

the chemicals used in making the medication, like 

reagents and catalysts. They can also result from 

various steps in the production process, like 

intermediates and byproducts, or from how the 

medication is made and mixed. 

Impurities related to the stability of the 

medication: These occur as the medication sits 

over time. It can include the API breaking down or 

reacting with other substances in the medication 

[19]. 

1. Synthesis Related Impurity: 

Pharmaceutical compounds typically contain 

impurities since the synthesis process 

contaminates the final product with raw 

ingredients, solvents, intermediates, and by-

products [20]. 

By-product: In organic chemistry, it's tough to 

make compounds that are 100% pure because 

there's always a chance of getting extra substances 

called byproducts. These byproducts happen 

because lots of things can go a bit wrong during 

the chemical reactions. It could be reactions that 

don't finish completely, changes in the 

arrangement of atoms, molecules sticking 

together, or other unintended reactions between 

the chemicals you started with [21]. For instance, 

a by-product of diacetylated paracetamol 

production. In the case of p reducing paracetamol 

[22]. 

 

Figure 1 Production of paracetamol from 

intermediate p-Aminophenol 

2. API Related Impurities:  

They test for a substance called p-aminophenol in 

the raw materials used to make paracetamol 

because it's one of the ingredients in the process. 

It's important to check these raw materials because 

if they contain too much of this substance or other 

impurities, it could make the medicine less safe or 

effective, which is something we want to avoid 

[23]. There are numerous causes of contaminants 

in pharmaceutical goods, including. 

Stereochemistry: Impurities in APIs can be 

brought on by their stereochemistry. In simple 

terms, when it comes to medicines, having just one 

specific version of a molecule (called a single 

enantiomer) is often considered better. This single 

version can sometimes work more effectively and 

be safer compared to mixtures of different 

versions. For example, Omeprazole is sold as its 

specific S-conformation known as esomeprazole, 

Ofloxacin as levofloxacin in its S-conformation, 

and Albuterol as levalbuterol in its R-

conformation. These single forms can provide 

better results in treating medical conditions. 

Crystallization: When medicines are made, one of 

the ways they can get impurities is during a process 

called crystallization. How a medicine's molecules 

arrange themselves during this process can change 

how the medicine behaves. It can create different 

versions of the same substance, called 

polymorphs, which have unique properties like 

how they dissolve, their shape, and more. These 

differences can affect how well the medicine 

works in your body. Because of this, 

pharmaceutical companies have to pay a lot of 

attention to these differences in their products to 

meet regulations from health authorities [24]. 

3. Organic Impurities:  

If sufficient attention is not taken in each phase of 

the multi-step synthesis, organic contaminants are 

the most prevalent impurities detected in any API. 
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If the makers are not extremely vigilant about the 

impurities, even though the end products are 

always cleansed with solvents, it is always 

possible that the residual unreacted beginning 

ingredients will remain. There is a limit test for p-

aminophenol in a paracetamol bulk, which may be 

used as a beginning material by one manufacturer 

or as an intermediate by another [Fig. 2]. 

 

 
Figure 2 Paracetamol is produced from the 

intermediate p-Aminophenol 

Oxidative degradation: The following substances 

are vulnerable to oxidative degradation: 

hydrocortisone, methotrexate, aminoazole, 

hydroxyl groups directly bonded to aromatic rings 

(e.g., phenol derivatives like catecholamines and 

morphine), conjugated dienes, heterocyclic 

aromatic rings, nitroso and nitrite derivatives, and 

aldehydes (e.g., flavones). 

Decarboxylation: When irloxacin undergoes a 

reaction when exposed to light, certain dissolved 

carboxylic acids, like p-amino salicylic acid, can 

lose carbon dioxide from their carboxyl group 

when they are heated during this reaction [25]. 

Hydrolysis: In some medicines that have an ester 

structure, like barbital, chloramphenicol, and 

others, a common thing that can happen is called 

hydrolysis. This mainly occurs in liquid forms of 

these medications [26]. Hydrolysis is when the 

ester part of the medicine breaks down when it 

comes into contact with water [27]. 

4. Photolytic Cleavage:  

Pharmaceutical items are made as a solid or 

solution and then packaged after being exposed to 

light during manufacturing. When exposed to high 

energy UV radiation, the majority of substances 

breakdown as solutions (Ergometrine [28]. 

Nifedipine [29]. riboflavin, and phenothiazines are 

very labile to photooxidation.). It has been 

discovered that fluoroquinolone antibiotics are 

also photolytically cleavable [30]. The 

photocleavage reaction creates the 

ethylenediamine analogue of ciprofloxacin in 

ciprofloxacin eye drops [31]. 

Enantiomeric Impurities: In the world of 

medicines, having just one specific version of a 

molecule (called a single enantiomer) is often seen 

as better. It can potentially make the medicine 

work better, have fewer side effects, and be safer. 

However, in some cases, like with ofloxacin (in its 

R-form) and levofloxacin (in its S-form), both 

versions work similarly, so there's no big 

advantage to using just one. When it comes to 

controlling the unwanted version of a molecule in 

these medicines, it's treated like any other 

impurity. 

Inorganic Impurities: It’s also possible for 

inorganic contaminants to be produced during the 

manufacture of bulk medications. They include the 

following and are typically 11tilized1111 and 

named: 

 Catalysts, ligands, 

and reagents: These contaminants are extremely 

unlikely to exist, although in some procedures they 

might if the producers don’t take adequate 

precautions throughout production. 

 Heavy metals: 

When we use acids or acid reactions, the water and 

sometimes the equipment, like stainless steel 

reactors, can introduce heavy metals into the 

process. To avoid this, we can use purified water 

(demineralized water) and equipment with a glass 

lining, which prevents these heavy metal 

contaminants from getting into the mix. 

 Other materials 

(such as charcoal, filter aids, etc.): Activated 

carbon is frequently 11tilized in bulk drug 

manufacturing facilities in addition to filters or 

filtering aids like centrifuge bags. To prevent these 
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contaminations, it is crucial to regularly check the 

bulk medications for fibres and black particles.  

In-Process Production Impurities: 

 Contaminants connected to crystallization: 

Impurities are things that aren't supposed to be in 

a crystal when it forms. Even the liquid used to 

make the crystals can be seen as an impurity. 

Additives are impurities that are intentionally 

added to create a specific shape or structure in the 

crystals. When there are impurities or additives 

in the crystal-making process, it can really 

change how the crystals grow, stick together, and 

incorporate foreign particles into their structure 

[32]. 

 Solvents remain after processing: Residual 

solvents are chemicals used in making things or 

created during the production process. When 

producing large amounts of medicines, it's 

important to stay away from certain solvents that 

we know can be harmful [33]. Remaining 

solvents are broken down into three categories 

based on the potential risk to human health 

Table3. 

Category Name of the solvent /limits Unit/Specification 
Class i Benzene (2 ppm), carbon tetrachloride (4 ppm), 

methylene chloride (600 ppm), methanol (3000 ppm) 

pyridine (200 ppm) toluene (890 ppm) 

More than this should be avoided 

Class ii N-Dimethylformamide (880 ppm), acetonitrile (410 ppm) More than this should be avoided 

Class iii Acetic acid, ethanol, acetone (50mg) Have permitted daily exposure of 

50 mg or less per day, as per the 

ICH guideline. 
Category Name of the solvent /limits Unit/Specification 

Table 3 Classification of solvents on the basis of their limit in parts per million(ppm)

Synthetic by-products and intermediates 

impurities: In the process of creating new drugs or 

medicinal compounds, some unwanted substances 

can be created along the way. These impurities can 

form when making the initial materials, middle 

steps, or extra products. For example, impurities 

were found in the middle steps of making tablets 

using a specific chemical process called reductive 

amination. This was determined by analyzing the 

tablets and a substance called MDMA using a 

method called GC-MS [34]. 

Impurities generated during storage: Numerous  

contaminants might develop when medication  

products are being stored or transported. Stability 

studies must be conducted in order to forecast, 

assess, and guarantee the safety of 

pharmacological products [35]. 

Metal impurities: In the APIs and excipients, 

metal behaves as an impurity. Three categories can 

be used to categories metals, as shown in Table 4 

[36]. 

 

Class Category Example 
Class i metals of significant safety concern Ur (uredinium), Pt (platinum), Rh (rubidium), Mo 

(molybdenum), V (vanadium) Cr (chromium) and Ni 

(nickel) 
Class ii metals with low safety concern Cu (copper) and Mn (manganese) 
Class iii metals with minimal safety concern Fe (iron) and Zn (zinc) 

Table 4 Classification of metals on the basis of their safety concern.

Leachable / Extractables: When looking at the 

substances that can come out of materials or get 

into them, like chemicals from containers, it's 

really important to think about rules, safety, and 

science. This includes planning out how to study 

and figure out what these substances are, how 

much of them there are, and keeping an eye on 

them over time [37]. 

IV. IMPURITIES RELATED TO 

FORMULATION 
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The version of a drug that a scientist creates can 

contain impurities that form differently from the 

main drug impurities. 

 Impurity Forms During Formulation:  

Method related: When a parenteral medication is 

made, a recognized impurity called 1-(2, 6-

diclorophenyl) indolin-2-one is produced if the 

diclofenac sodium dosage form has undergone 

autoclave final sterilization [38]. When diclofenac 

sodium is processed in certain conditions with 

sodium hydroxide, it can turn into another 

chemical called an indolinone derivative. The 

initial acidity of the mixture affects how much of 

this undesired substance is produced. Sometimes, 

the amount of this substance can be higher than 

what's allowed in the final product stored in an 

ampoule according to the British Pharmacopoeia 

(BP) guidelines. 

Environmental related: The following are the 

main environmental elements that can weaken 

stability 

Exposures to adverse temperatures: Some things, 

like vitamins, can be easily damaged by hot 

weather or tropical conditions. When they get too 

hot, they lose their effectiveness, especially if 

they're in liquid form. So, it's important to store 

them in a cool place to keep them working well. 

Light-especially UV light: Ergometrine and 

methyl ergometrine injections can get damaged in 

hot and sunny tropical places because of the heat 

and light. Sometimes, when you take samples in 

these areas, you might find that they have very 

little of the actual medicine in them. Only 50% of 

the marketed samples of ergometrine injections 

that were tested [39]. Normally, medicines should 

have between 90% to 110% of the amount they 

claim to have. But when a special ergometrine 

injection (which is supposed to have 0.2 

milligrams per milliliter) was left in direct sunlight 

for 42 hours, it pretty much fell apart and didn't 

have the right amount anymore. 

Humidity: Humidity is thought to be harmful to 

both bulk powder and manufactured solid dosage 

forms for hygroscopic products. Ranitidine and 

aspirin are two examples from the past. 

Dosage form factors related: Pharmaceutical 

companies usually test their products to make sure 

they're stable before selling them. However, 

sometimes the way a medicine is made or 

packaged can cause problems, even after these 

tests. In the US, they had to recall 60-milliliter 

bottles of a skin solution called fluocinonide 

because it was getting weaker and had harmful 

things in it, which made it less effective [40]. In 

simple terms, liquid medicines can easily get 

spoiled or contaminated by bacteria, fungi, and 

yeast. Several factors can make this happen, like 

the amount of water in the medicine, its acidity, 

and how different ingredients interact with each 

other. Even the container can play a role. 

If these microbes grow in the medicine, it can 

become unsafe to take. Also, if preservatives are 

not used correctly or if the container allows air and 

moisture to get in, the medicine's quality and 

safety can be affected. This means that liquid 

medicines can go bad and be harmful if they are 

not handled and stored properly [41]. 

V. FORMATION OF IMPURITIES ON 

AGING: 

Mutual interaction amongst ingredients: 

The majority of vitamins are exceedingly labile 

and become unstable in various dose forms as 

people age [42]. In liquid medicines with vitamins 

like folic acid, pantothenic acid, cyanocobalamin, 

and thiamine, if these vitamins break down, they 

don't create harmful substances, but the vitamins 

become less effective than what's required by 

medical standards. When you add nicotinamide to 

a mixture with four vitamins (nicotinamide, 

pyridoxine, riboflavin, and thiamine) for B-

complex injections, it makes the thiamine vitamin 

deteriorate to a low level within a year of storage 

[43]. 
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The pH level of the vitamin B-complex injections 

for sale was found to be between 2.8 and 4.0. 

When they studied a new formula made with just 

distilled water and compared it to the usual 

formula with disodium edetate and benzyl alcohol, 

they found that both had similar problems that 

caused the vitamins to break down. 

Functional group-related typical degradation: 

Ester hydrolysis: The following were examples. 

Aspirin, benzocaine, cefotaxime, cocaine 

echothiopate, ethyl paraben, cefpodoxime 

Proventil. 

 
Figure 3 Form action of Salicylic acid impurity 

from Aspirin 

Hydrolysis: Liquid medicines that contain certain 

types of drugs tend to break down over time, and 

this process is called hydrolysis. Some examples 

of these drugs are barbital, chloramphenicol, 

chlordiazepoxide, oxazepam, benzylpenicillin, 

and chloramphenicol [44]. 

Oxidative degradation: Certain substances like 

hydrocortisone, methotrexate, aminoazole, as well 

as molecules with certain structures like vitamin A 

and unsaturated fatty acids, can break down due to 

a process called oxidative degradation. This can 

also happen to compounds with specific structures 

like heterocyclic aromatic rings, nitroso and nitrite 

derivatives, aldehydes (found in flavorings), and 

hydroxyl groups attached directly to an aromatic 

ring. 

Photolytic cleavage: Pharmaceuticals are made as 

a solid or solution, packaged, and stored in 

pharmacies all while being exposed to light. or 

institutions for future use, or kept by the client 

awaiting use. These substances are extremely 

susceptible to photo-oxidation: ergometrine [45], 

nifedipine [46], nitroprusside, riboflavin, and 

phenothiazines. When certain molecules are 

exposed to sunlight, they can produce tiny 

particles called free radicals, which can cause 

more chemical reactions to happen. When you 

shine strong UV light on most substances in liquid 

form, they tend to break down. Some antibiotics 

called fluoroquinolones have been found to break 

down when exposed to this kind of light [47]. 

 
Figure 4 Photolytic cleavage of Ciprofloxacin in 

eye drops preparation . 

Decarboxylation: When you heat certain 

chemicals like p-amino salicylic acid that are 

dissolved in a solution, they can lose a carbon 

dioxide molecule that was originally attached to 

them. This process is called "decarboxylation." It 

can also happen to substances like irloxacin when 

they undergo a reaction due to exposure to light 

[48]. 

VI. CHARACTERIZATION OF 

IMPURITIES: 

When we find impurities in a new medication, the 

first step is to figure out how much of the impurity 

is present. We use a reference standard, which is a 

known substance, to measure this. If our analysis 

shows that the impurity is higher than 0.1%, we 

have to follow FDA guidelines and include it on 

the medication label. 

These impurities can come from various sources 

like raw materials, things that happen during the 

manufacturing process, or other substances added 

to the medication. To understand these impurities 

better, we can use different methods, some 

involving chromatography (a technique to separate 

and analyze compounds) and others not. 

In simpler terms, when we find impurities in a new 

medication, we need to know how much is there. 

We use known substances to measure it. If it's 
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more than 0.1%, we have to mention it on the label 

as per FDA rules. These impurities can come from 

different places, and we use different methods to 

study them, including one called chromatography. 

The following separation methods are most 

frequently used: 

a. Accelerated Solvent Extraction Method (ASE): 

There's a method called ASE that speeds up the 

process of getting impurities out of a substance. It's 

faster than other methods like sonication or 

Soxhlet extraction. ASE works better because it 

uses higher pressure and temperature, which help 

to get impurities out more effectively. Plus, it's 

cheaper because it uses 90% less solvent (the 

liquid used to extract impurities). 

b. Supercritical Fluid Extraction (SFE): When a 

substance is heated or compressed above a certain 

point, it becomes a supercritical fluid. This special 

substance can act like a gas, moving through 

materials, and also like a liquid, dissolving solids. 

Using supercritical fluid is great for extracting 

things from a mixture because it helps stuff move 

quickly from the sample to the solvent. Carbon 

dioxide is a popular choice for this because it 

becomes supercritical at a relatively low 

temperature. This method can be used for different 

types of analysis, like high-performance liquid 

chromatography (HPLC), gas chromatography 

(GC), and supercritical fluid chromatography 

(SFC). SFC, in particular, has some advantages 

over HPLC and GC. It can work with substances 

that don't easily turn into a gas and can be sensitive 

to heat, it uses a universal flame detector, and it 

creates narrower peaks in the data, which can be 

helpful for analysis. However, HPLC and GC are 

still widely used in most cases, except for specific 

situations like chiral separations and studying big 

molecules like hydrocarbons [49]. 

c. Column Chromatography: Column 

chromatography is a method that separates 

different parts of a mixture as it flows through a 

column filled with a special material. The 

components in the mixture move through the 

column at different speeds because some like the 

material in the column (stationary phase) more 

than the liquid moving through it (mobile phase). 

This difference in attraction helps to separate them 

effectively. 

However, the downside is that this process can be 

quite slow because the liquid moves through the 

column gradually due to gravity. The big 

advantage of column chromatography is that it can 

be adjusted to fit the specific needs of a project. 

This is really useful when you're trying to separate 

and purify a mixture after a series of chemical 

reactions. But keep in mind, it can take some time 

to set up and use this method correctly [50]. 

d. Thin Layer Chromatography (TLC): Thin-

layer chromatography (TLC) is a method used to 

find even tiny amounts of different substances in a 

sample. It's handy for creating a type of analysis 

that can tell us if a product is stable or not over 

time. However, it has its downsides - it can't 

always give us exact amounts, and it can vary from 

one test to another. TLC can be used as a simple 

way to figure things out quickly. It can also be 

turned into a more precise method when used with 

something like high-performance thin-layer 

chromatography (HPTLC), which can handle 

tricky substances that don't show up easily. The 

idea behind TLC is that different substances 

interact differently with the materials on the plate, 

and this helps us detect and identify them. It's often 

used to see how much a product breaks down or 

changes under different conditions, especially 

during testing and stress experiments [51]. 

Utilizing the HPTLC approach, numerous 

stabilities indicating methods have been reported. 

tablets containing medications like telmisartan and 

ramipril [52], Prasugrel [53], Drotaverine and 

Cyclofenil in tablets [54], Pseudoephedrine and 

Cetirizine in pharmaceutical formulations [55]. 

e. Gas Chromatography (GC): Timing APIs is 

crucial for finding contaminants, especially the 
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ones that can easily turn into gas and withstand 

high temperatures. It's used to check for things like 

leftover solvents in medicine or to understand the 

starting materials used in making drugs. Gas 

chromatography (GC) is a method that has some 

advantages. It's faster, can handle more samples, 

uses less expensive equipment, and gives a clearer 

signal. However, it needs careful attention when 

setting up and using the machine. 

GC is only good for substances that can become a 

gas without falling apart and can evaporate at a 

safe temperature (not too hot to damage the 

machine). It's mainly used for substances that can 

turn into a gas or something similar. But there are 

some challenges with GC. It's tough to measure 

and inject really small samples (about 0.3 

microliters) without them evaporating. 

Sometimes, sample loss can happen if there's a 

problem with the rubber seal used for injecting the 

sample. 

Sometimes, tiny bits of rubber can stick to the 

column and cause strange signals called "ghost 

peaks" in gas chromatography (GC). To avoid this, 

you can inject the sample right into the hot part of 

the machine's injector. 

When GC is used with something called an 

internal standard (a known substance added to the 

sample), it can be just as accurate and precise as 

high-performance liquid chromatography 

(HPLC). In simple terms, GC can give very 

reliable results if you use it right, especially when 

you use an internal standard. Various articles of 

study focused on stability stating that there are 

available GC techniques, for example; identifying 

divalproex sodium contaminants in 

pharmaceutical formulations [56], fluconazole 

[57]. 

f. High Performance Liquid Chromatography 

(HPLC): HPLC is a versatile method of analysis 

as it is not limited to volatile or stable sample and 

separation is based on the fact that certain 

compounds have different migration rates on a 

particular stationary and mobile phase [58]. 

component separation using the HPLC technique 

and any suitable detector, such as a refractive 

index detector [59], PDA detector [60], An 

accurate, precise, and reliable method for 

quantitative analysis of pharmaceutical products 

and impurities is provided by fluorescence 

detectors, electrochemical detectors, electrical 

conductivity detectors, light scattering detectors, 

evaporative light scattering detectors, Corona 

Charged Aerosol Detector (CAD), Nano Quantity 

Aerosol Detector (NQAD), etc. HPLC also 

involves monitoring of stability of pure drug 

substance and in case of drug formulations. It can 

be used to measure degradation products, such as 

salicylic acid, betamethasone dipropionate, and 

their related chemicals in diplomatic lotion using a 

stability-indicating technique and HPLC [61], 

norfloxacin [62], allantoin [63]. 

g. Flash Chromatography: Gravity-fed 

chromatography is a slow and not very effective 

method. We can replace it with something called 

flash chromatography, which is a combination of 

medium pressure and short column 

chromatography. In flash chromatography, we use 

air pressure to push the solvent through the column 

faster, which speeds up the purification process. 

In flash chromatography, we use tiny silica gel 

particles to help move the solvent quickly across 

the stationary phase, which is the part that 

separates the substances we want. This method is 

much more efficient than the old gravity-fed 

approach [64]. 

h. Capillary Electrophoresis (CE): 

Electrophoresis is a method used to separate 

charged molecules based on their physical 

characteristics. It makes these molecules move in 

different directions. However, traditional 

electrophoresis has some downsides. For one, you 

need to finish the separation before you can see the 

molecules. Additionally, using high voltage can 

risk damaging the samples due to heat. Capillary 
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electrophoresis is a solution to these problems. It 

uses a very narrow tube called a capillary, which 

has a high surface area compared to its volume 

(because it's so thin). This capillary helps dissipate 

heat effectively, preventing the samples from 

getting too hot. It's particularly useful for finding 

different drug-related impurities in various types 

of samples because it allows for efficient 

separation and detection of molecules [65]. 

Capillary electrophoresis (CE) offers some 

advantages over reversed-phase high-performance 

liquid chromatography (RP-HPLC). It provides a 

different way to separate substances and is more 

flexible, with high separation efficiency, fast 

method development, and good resolution. CE is 

particularly useful when you need to separate 

impurities that are very polar and don't retain well 

in RP-HPLC. CE is well-known for its 

effectiveness in separating charged 

pharmaceuticals and contaminants. Many studies 

and examples show its use in analyzing impurities, 

including a method for determining metformin 

hydrochloride in tablets, which is used to check the 

quality and stability of the medication. In simple 

terms, CE is a valuable tool for separating and 

identifying different substances, especially those 

that RP-HPLC might struggle with [66]. 

It can also be coupled with a mass spectrometer to 

create a system called CE-MS using a variety of 

interfaces, such as a triple tube nebulizer [67,68]. 

Micellar electrokinetic chromatography (MEKC) 

is a technique within capillary electrophoresis 

(CE) that allows the separation of analytes, 

including those that are electrically neutral. It 

achieves this by adding something called an ionic 

micelle to the running solution, and it doesn't 

require any major changes to the CE instrument. 

The idea behind MEKC is that these ionic micelles 

help the analytes move differently under 

electrophoresis conditions, along with interactions 

between the micelles and the analytes in the buffer 

solution. So, in a way, MEKC uses a similar 

principle as regular chromatography. MEKC is a 

powerful method, especially for separating small 

molecules, whether they are charged or not. It can 

quickly and efficiently separate samples, which is 

handy for various applications, like checking the 

stability and content of pharmaceutical products, 

such as fluticasone nasal sprays used to reduce 

cholesterol levels. MEKC can be used for stability 

testing, determining the quality of the product, and 

making sure it contains the right amount of active 

ingredients [69-71]. 

Various other instrumental methods are also 

used for the purpose of characterization of 

impurities in any sample. These methods include: 

 Nuclear Magnetic Resonance (NMR) 

Spectroscopy 

 Mass Spectroscopy (MS) 

 IR Spectroscopy 

 Hyphenated Techniques 

VII. APPLICATIONS OF ISOLATION AND 

CHARACTERIZATION OF IMPURITIES:  

Drug impurity profiling is a necessary step to make 

sure that pharmaceutical products are safe and 

effective. This process involves monitoring and 

designing drugs to meet regulatory requirements. 

It's essential for ensuring the quality, stability, and 

safety of pharmaceutical chemicals, whether they 

are made synthetically or derived from natural 

sources or produced using recombinant 

techniques. This includes a wide range of 

substances like alkaloids, amines, amino acids, 

painkillers, antibiotics, drugs for seizures, 

antidepressants, sedatives, cancer-fighting drugs, 

local anesthetics, large molecules, steroids, and 

more. All of these substances have various 

purposes in the field of medicine [72]. 

CONCLUSION 

When it comes to pharmaceutical ingredients, they 

need to pass various tests like CGMP, QC, QA, 

and water activity tests. They also have to meet 

specific criteria for new impurities. Separating and 

characterizing these impurities is crucial for 
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collecting information that ensures the safety of 

these ingredients. This highlights the importance 

of studying and profiling drug impurities in 

pharmaceutical research. Scientists use a variety of 

analytical instruments to separate and measure 

these contaminants. Organic impurities can come 

from different sources, such as microbial 

contamination, the breakdown of the active 

ingredient, or leftover substances from the 

manufacturing process. Identifying and dealing 

with these organic impurities is a challenging task, 

even though there are guidelines from 

organizations like the International Council for 

Harmonization (ICH). In essence, there's a 

pressing need for consistent standards and 

requirements for impurities in pharmaceuticals to 

ensure their safety and quality. 
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