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� Pharmaceutical impurities are the organic and 
inorganic unwanted chemicals which are found in 
active pharmaceutical ingredient after synthesis or 
develop during formulation development.

� Impurity is defined as any component of the new 
drug product that is not the drug substance or an 
excipient in the drug product. (ICH Q3)
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� The presence of this unwanted coexisting component 
even in small amount may influence the efficacy and 
safety of the pharmaceutical products.

� In order to supply as effective pharmaceutical 
products it is essential to have exact, detailed and 
dependable data about these impurities in the 
products.
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� Impurity profile is a description of the identified and 
unidentified impurities present in a drug product 
which includes both quantitative and qualitative 
information of these impurities.

� Impurity profiling is now gaining critical attention 
from regulatory authorities.

� All the pharmacopoeias around the world are slowly 
incorporating limits to allowable levels of impurities 
present in the registration of pharmaceuticals for 
human use.
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� ICH has also published guidelines for validation of 
methods for analysing impurities in new Drug Substance, 
Drug Products Residual solvents and microbiological 
impurities.

� The US Food and Drug Administration defines a 
reference-standard material as a "highly purified 
compound that is well characterized"  the "highly 
characterized specimens of drug substances, excipients, 
reportable impurities, degradation products, compendial
reagents, and performance 
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� Scientists performing analytical testing use these 
reference standards to determine quantitative as well 
as qualitative data, performance standards, and 
calibrators (e.g., melting point standards).

� Qualitative uses: System suitability, Peak 
identification, analytical method validation etc.

� Quantitative uses: Limit tests, quantification of the 
impurity by establishing RRF.
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� As impurity standards are used for purity tests and 
during method development and validation of those 
tests. Identity of those impurities must be ensured; 
also its purity and assay must be defined.

� The purity of these impurities are critical and are 
therefore it has to be supported by scientifically valid 
results.

� In contrast to API RS, there is no much guidance 
from authorities for the Impurity RS.
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Qualification of these impurity RS is done by 
following critical parameters:

� Identity – Confirmation of the structure by using 
sophisticated techniques like NMR,GC-MS,LC-
MS ,IR, UV/VIS.

� Polymorphic identity by XRPD technique
� Strength /Quality/Purity: The assay  is established  

by 100 mass balance,
� Water content by Karl-Fischer/Coulometry
� Residual solvents by GC/HPLC
� Loss on drying.
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� The targeted purity of Impurity RS should be 
preferably ≥85-90% pure, otherwise there will be 
difficulties in interpreting the structure.

� For Chiral impurities it is important to have data 
proving their enantiomeric/chiral purity.
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Why 
Impurity Profiling 

Is
Important?
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� These impurities severely affect the safety and 
efficacy of developed pharmaceutical product. 

� Impurity profiling detects and quantifies the levels 
of organic and inorganic impurities and thereby helps 
in better monitoring of quality, stability and safety 
of pharmaceutical products. 
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� Regulatory bodies worldwide are serious towards 
presence of impurities and impurity profiling has thus 
become an important step in filing drug dossiers. 

� The ICH guidelines on impurity have clearly defined 
the levels of toxic impurities and have become 
benchmark in establishing impurities in 
pharmaceutical drug products.

13



� The impurities usually encountered in 
pharmaceuticals are synthesis-related, formulation-
related or degradation-related.

� In other words -There are two types of impurities in 
medicines: 
1) Impurities associated with active pharmaceutical 

ingredients (APIs).   
2) Impurities that are formed during formulation and 

or with ageing or that are related to the 
formulated forms. 
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� According to ICH guidelines, Impurities 
associated with APIs are classified into the 
following categories: reference : Q3A(R2)
� Organic impurities (Process and Drug related) 
� Inorganic impurities 
� Residual solvents 
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� These impurities may arise during the manufacturing 
process and / or storage of the drugs substance.

� They may be identified or unidentified, volatiles or 
non-volatile including starting materials, by-products, 
intermediates, degradation products,  reagents, ligands 
and catalysts.

� Starting materials or intermediates are the most 
common impurities found in every API unless a proper 
care is taken in every step involved in throughout the 
multi-step synthesis.
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� P-aminophenol---acetylation---� Paracetamol an 
diacetylated paracetamol (Aceta-aminophen related 
comp A)

� Aceta-aminophen related comp A) : Skin corrosion / 
irritation and serious eye damage / eye irritation.

� P-aminophenol : if swallowed, may cause an allergic 
kin reaction, can cause eye irritation, may cause allergy 
or asthma symptoms or breathing difficulties if inhaled, 
suspected of causing genetic defects. 
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� Starting materials or Intermediate Impurities :
- During multistep synthesis process there are high chances of 

unreacted starting material in the final product. Which has to 
be evaluated.

� Degradation products :
- Formed during the synthetic process, storage, formulations of 

dosage form and aging.

� Byproducts :
- They can be formed through variety of side reactions, such as 

incomplete reaction, rearrangement, dimerization, over 
reaction, isomerization or unwanted reactions between starting 
materials.
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� Inorganic impurities may also arrive from 
manufacturing processes used for bulk drugs.

� They are normally known and identified and include 
the following :
1. Reagents, ligands and catalysts – Proper care 

during manufacture of API is required.
2. Heavy metals - The main sources of heavy metals 

are the water used in the processes and the reactors. 
These impurities of heavy metals can easily be 
avoided using demineralized water and glass –
linked reactors.
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3. Other materials (filter aids, charcoal) –
The filters or filtering aids such as centrifuge bags 
are routinely used in bulk drug manufacturing 
plants and in many cases activated carbon is also 
used. The regular monitoring of fibers and black 
particles in the bulk is essential to avoid these 
contaminants.
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� They are potentially undesirable substances which 
either hazardous to human to human health or modify 
the properties of certain compounds. 

� The residual solvents also affect physicochemical 
properties like crystalline of bulk drug, which affect the 
dissolution properties, colour changes in finished 
products.

� Single enantiomeric form of a chiral drug provides 
grater chemical entity. It also help to provide better 
therapeutic index
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� These are  organic or Inorganic liquids used during the 
manufacturing process. It is very difficult to remove 
these solvents completely by the work-up process. 

� Some solvents that are known to cause toxicity should 
be avoided in the manufacturing of bulk drugs. 

� Depending upon the possible risk to human health, 
residual solvents are divided in three classes. 
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� Class I: Solvents like benzene (2 ppm limit) and 
carbon tetrachloride (4 ppm limit) if possible should be 
avoided. 

� Class II: Methylene chloride (600 ppm limit), 
methanol (3000 ppm limit), pyridine (200 ppm limit), 
toluene (890 ppm limit) and acetonitrile (410 ppm 
limit) are the most commonly used solvents. 

� Class III : Acetic acid, acetone, isopropyl alcohol, 
butanol, ethanol and ethyl acetate have permitted daily 
exposures of 50 mg or less per day. 
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� Drugs substance varies with conditions that lead to its 
degradation or other chemical reactions. Solutions and 
suspensions are prone to degradation due to hydrolysis. 
Water used in formulation contribute to not only its 
impurity but also provide stimulation for process like 
hydrolysis and catalysis.

� The formulation related impurities can be classified as 
follows :
1. Method related 
2. Environmental related
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� Method related impurities: Some impurities are 
generated during the formulation process either due to 
exposure to heat, light, change of pH, solvents etc.

(e.g. Formation of impurity 1-(2,6-dichlorophenyl)-
indolin-2-one on autoclaving of Diclofenac sodium). 
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� Environment related impurities :Due to Exposures to 
adverse temperatures (e.g. Vitamins are very heat-
sensitive and degradation frequently leads to loss of 
potency in vitamin products, especially in liquid 
formulations) 

� Due to exposure of light specially UV light
(e.g. ergometrine as well as methyl-ergometrine is 
unstable under tropical conditions such as light and 
heat) 

� Humidity is considered detrimental for hygroscopic 
products e.g. Aspirin and Ranitidine.
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� Formation of impurities on ageing
� Those formed due to mutual interaction between 

ingredients 
� e.g. Degradation of Thiamine in the presence of 

Nicotinamide in formulations containing Vitamin B 
complex. Functional group related typical-degradation 
impurities 

� Ester hydrolysis e.g. Formation of Salicylic acid 
impurity from aspirin. 

� Oxidative degradation
� Photolytic cleavage
� decarboxylation
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� By products formed by drugs after instigation in body 
are generally known as Metabolite impurities. 
Metabolite impurities can be formed during metabolism 
as the API and drug product in the body is exposed to 
various enzymes.

� Example are Asenapine N – oxide, Asenapine
Desmethyl, and ciprofloxacin ethyl diamino impurity, 
which are formed as process impurities, but are also 
metabolites of the same process.
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� A general scheme is set up for the estimation of the 
impurity profile of bulk drug substances by use of 
chromatographic, and other sophisticated techniques. 
E.g. HPLC, HPTLC, GC, MS, TLC,GC-MS etc.

� Preparative HPLC is also very good technique for the 
extraction of impurities in the API.
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The Guidelines of impurity profiling in ICH are mentioned
below.

� Impurities in New Drug Substances Q3A (R2)

� Impurities in New Drug Products Q3B (R2)

� Impurities: Guideline for Residual Solvents Q3C (R5)

� Guideline for Elemental Impurities Q3D
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Impurities in New Drug Substances Q3A (R2):

� The main objective of the Q3A (R2) guideline is to 
provide direction to registration applications on the 
content and qualification of impurities in new drug 
substances produced by chemical synthesis. 

� Biological/biotechnological, peptide, oligonucleotide, 
radiopharmaceutical, fermentation product and semi-
synthetic products derived there from, herbal products, 
and crude products of animal or plant origin are not 
covered by this guideline. 
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Impurities in New Drug Products Q3B (R2):

� The main objective of the Q3B (R2) guideline is to 
provide guidance for registration applications on the 
content and qualification of impurities in new drug 
products produced from chemically synthesised new 
drug substances not previously registered in a region or 
member state.

� Only those impurities in new drug products classified as 
degradation products of the drug substance or reaction 
products of the drug substance with an excipient and / 
or immediate container closure system are addressed in 
this guideline. 
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Guideline for Residual Solvents Q3C (R5):

The main objective of the Q3B (R5) guideline is to
recommend acceptable amounts for residual solvent
in pharmaceuticals for the safety of the patient. 
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Guideline for Elemental Impurities Q3D:

� The main objective of the Q3D guideline applies to 
new finished drug products and new drug products 
containing existing drug substances. 

� This guideline does not apply to herbal products, 
radio-pharmaceuticals, vaccines, whole blood, 
cellular blood components or blood derivatives 
including plasma and plasma derivatives. 
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The Guidelines of impurity profiling in USFDA are 
mentioned below.
� (A) Impurities in New Drug Substances Q3A (R2)

� (B) Impurities in New Drug Products Q3B (R2) 

� (C) ANDAs: Impurities in Drug Substances

� (D) ANDAs: Impurities in Drug Products
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� Helps in identification and quantification of 
compounds.

� It ensures that the impurities given are within the 
limits as specific under ICH guidelines.

� Helps in control system for impurities involving 
processing or manufacturing conditions, packaging 
and formulation.
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� Improvement of current analytical methods, the origin of 
impurities can be determined whether 
A) It is synthesis related impurity (Organic/ 

Inorganic/ Residual solvents), or

B) formulation related impurity (Dosage form/ 
Method/ Environmental related impurity), or

C) degradation- related impurity, or

D) other impurities (Enantiomeric/ Polymorphic/ 
Genotoxic impurity).
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� In case of synthesis related impurities: an 
alternative route for the synthesis of the API can be 
developed or the reagent (residual solvent) 
concentration is determined.
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In case of formulation related impurities : 
� An excipient which affects the stability of  API is

thus not incorporated in the formulation of the API 
or 

� Environmental conditions can be controlled to avoid 
degradation of the API.
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In case of degradation related impurities: 
� The potential degradation products can be determined 

through stress testing and actual degradation products 
through stability studies.
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In case of other impurities:
� Polymorphic impurity : 

The polymorphic form of the API present in the 
formulation can be qualified. The stability of the 
polymorphic form in the formulation can be 
determined. 

� Enantiomeric impurity : 
The presence of the correct enantiomer (responsible 
for therapeutic activity of the API) in the formulation 
can be verified. 
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In case of other impurities:                               (Cont.)
� Genotoxic impurity: 

The source of genotoxic impurity can be determined 
(starting material/reagents/catalyst) and thus be 
prevented. The genotoxic impurity can be categorized 
and its risk can be determined. 
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Control of impurities Control of impurities Control of impurities Control of impurities 
in active in active in active in active 

pharmaceutical pharmaceutical pharmaceutical pharmaceutical 
ingredients (API)ingredients (API)ingredients (API)ingredients (API)
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� During crystallization, the chemicals from the 
degradation of drug are entrapped. So API 
manufacturer should take precaution to produce finer 
crystals in order to prevent entrapment. 

� Washing should be proper to remove unwanted 
chemicals including residual solvents. 

� Photo sensitive pharmaceuticals have to be packed in 
proper way to prevent exposure of light. 

� Production method should be based on stability study.
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� Many impurities in a drug product can obtain from 
excipient used to formulate a drug substance. A drug 
substance is exposed to a variety of conditions in the 
process of formulation that can cause its degradation 
or have other unwanted reactions
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� In case of Diclofenac sodium injections, the aseptic
filtration process was used instead of the autoclave 
method to yield quality product.

� Over all pharmacopoeias should be more limit 
specific, precise and regulatory authorities like ICH 
and FDA should be strict regarding this matter. 
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Indian Pharmacopoeia (IP), or any part 
of it, or any part of it, has got legal 

status under theSecond Scheduleof 
theDrugs & Cosmetics Act, 

1940andRules 1945there under.
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Indian Pharmacopoeia Reference Substance (IPRS) & 

Certified Reference Material (CRM)

Certified Reference Material (CRM) is 
characterized by a metrologically valid 

procedure for one or more specified 
properties, accompanied by a 

certificate that provides the value of 
the specified property, its associated 

uncertainty and a statement of 
metrological traceability.

I.P. Reference Substance is a primary 
Reference substance that has the 

appropriate quality within a specified 
context and is accepted without requiring 

comparison to another substance
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Introduction of IPRS Introduction of IPRS Introduction of IPRS Introduction of IPRS 

� IPC provides the Indian Pharmacopoeia Reference

Substances (IPRS) for the medicines.

� They are used by the regulatory agencies and

Pharmaceutical manufactures to ensure identity,

strength, quality and purity of the product as per

official IP monograph.
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Introduction of IPRS Introduction of IPRS Introduction of IPRS Introduction of IPRS (cont.)(cont.)(cont.)(cont.)

�A reference substance of the Indian

Pharmacopoeia is only suitable for the use

intended in the relevant monograph,

� The value assigned to a reference standard is valid

only for the intended use and not for other uses.

� Unless otherwise stated, an assigned value is

given for the substance or preparation as

presented on a vial (“as is”).
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Accreditation/ Certification at IPC

NABL Accreditation :

� Indian Pharmacopoeia Laboratory is accredited for Chemical and Biological Testing as per
ISO 17025:2005 by National Accreditation Board for Testing& Calibration Laboratory
(NABL) from 2011 onwards.

WHO Prequalification QC Laboratory :

� IPC has been successfully qualified as WHO Prequalification Quality Control Laboratory
(QCL) and is included in the list of Prequalified Quality Control Laboratories.

Reference Material Producer (RMP):

� IPC (Reference Standard Division) has been certified as Reference Material Producer as per
ISO 17034:2016(E).

PT provider (ISO 17043:2010(E):

PT (Proficiency testing) Accreditation is under process and application form has been
submitted successfully.
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Reference Standards available at IPC

IP Reference Standard
Impurity Reference Standard

Phytochemical Reference Standard Botanical Reference Standard
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Availability of IPRS
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Availability of Impurities
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Development of Impurity 
Standards
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Agomelatine Doxofylline Nicoumalone

Aminophylline Eletriptan Hydrobromide Ornidazole

Arterolane Maleate Ezetimibe Pregabalin

Atazanavir Sulphate Fenspiride Hydrochloride Promethazine Theoclate

Azelnidipine Ferrous Fumarate Rilpivirine

Bronopol Gefitinib Roflumilast

Buclizine Hydrochloride Gemifloxacin Mesylate Rosuvastatin Calcium

Cetrimide Ilaprazole Tapentadol Hydrochloride

Cilostazol Imatinib Mesylate Thiocolchicoside

Dexlansoprazole Mebeverine Hydrochloride Tolterodine Tartrate

Dienogest Mosapride Citrate Dihydrate Tolvaptan

Dothiepin Hydrochloride Nebivolol Hydrochloride Udenafil
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� HPLC:      High Performance Liquid Chromatography

� FT-IR:     Fourier Transform Infrared Spectroscopy

� UV/Vis:     Ultra Violet/Visible Spectroscopy

� LC-MS:     Liquid Chromatography Mass Spectroscopy

� GC-MS/ GC-HS: Gas Chromatography Mass Spectroscopy / Head Space 

� NMR:     Nuclear Magnetic Resonance Spectroscopy

� TGA:       Thermo Gravimetric Analyzer

� DSC:      Differential Scanning Colorimeter

� ICP-MS: Ion Coupled Plasma Mass Spectroscopy
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� CHNS: Carbon Hydrogen Nitrogen Sulphur Analyzer 

� PSA: Particle Size Analyzer

� AAS: Atomic Absorption Spectroscopy

� IC: Ion Chromatography

� KF Titrator: Karl Fischer Titrator

� Dissolution Apparatus

� Disintegration Apparatus

� Viscometer

� Autotitrator
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Instruments in IPC Laboratory
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Instruments in IPC Laboratory
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IPRS Filling Machine
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Industrial Support 

Industries Material Provided

Mankind Pharmaceuticals API, Impurities

Zydus Cadila API

Abott Health care Pvt. Ltd Prednisone Tablet, API

Ipca Pharmaceuticals API

Dr. Reddy’s API, Impurities

Torrent Pharmaceuticals API

Cipla API

Aurbindo Pharma Impurities

Three Complementary vials are provided 

to the industries which supply us raw 

material for preparation of IPRS. 
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� A quality drug helps in consumer protection hence 
identifying impurities during development stages is 
very important.

� Identifying impurities establishes an overall profile of 
drug which includes ---toxicity, safety limits, limits 
of quantitization and detection.

� Identification and isolation of impurities should start 
right from using API to finished dosage form of a 
drug.
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For any queries kindly 

Visit : www.ipc.gov.in
Email: ipclab@vsnl.net

Call: 0120-2783400
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Central Drugs Testing Laboratory - Mumbai

Ministry of Health & Family Welfare

Government of India

Zonal FDA Bhawan, GMSD Compound, Belasis Road, 

Mumbai Central, Mumbai – 400 008.

Accredited By : NABL (ISO/IEC 17025:2005 in Chemical & Biological Testing) 

Certified For : IMS (ISO 9001:2008, ISO 14001:2004 & OHSAS 18001:2007) 

Tel : 022-2300 2309 / 2138. Fax: 022-2309 9240

Email : cdtlmumbai@cdsco.nic.in / cdtlmumbai@gmail.com
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