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Identification of impurities is done by variety of Chromatographic and Spectroscopic
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1. INTRODUCTION

Group of analytical activity, the aim of which is the detection, identification, or structure
elucidation & quantitative determination of organic & inorganic impurities, as well as
residual solvents in bulk drug & formulation.! A description of the identified and
unidentified impurities present in a new drug substance.””) Drug impurity profiling, i.e.
identification, structure elucidation and quantitative determination of impurities and
degradation products in bulk drug materials and pharmaceutical formulations.!
Pharmaceuticals impurities are the unwanted chemicals that remain with the active
pharmaceutical ingredients (APIs) or are developed during formulation or upon aging of both

AP| and formulated APIs to medicines.’® According to the International Conference on
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Harmonization of Technical Requirements for the Registration of Pharmaceuticals for
Human Use (ICH) guideline on impurities in new drug substances,™ an impurity is defined
as 'any component of the new drug substance that is not the chemical entity defined as the

new drug substance'.!"!

2. OBJECTIVES

It provides useful information for drug low enforcement authorities. The practical value of
this studies for routine analysis is low enforcement investigate work in four different areas as
following-

1) Establishing specific links between two or more samples.

2) Establishing drug distribution patterns.

3) Identifying the source of drug sample.

4) Monitoring methods used for drug manufacturing.

3. ACCEPTANCE CRITERIA® 10 1]

The new drug substance specification should include, where applicable, the following list of
impurities

- Each specified identified impurity;

- Each specified unidentified impurity;

-Any unspecified impurity with an acceptance criterion of not more than (<) the identification
threshold,;

- total impuirities.

Maximum Daily Reporting Identification Qualification
Dosel Threshold2,3 Threshold3 Threshold3
0.10% or 1.0 mg per | 0.15% or 1.0 mg per
<2g/day 0.05% day intake day intake
(whichever is lower) | (whichever is lower)
> 2g/day 0.03% 0.05% 0.05%

4. TYPES OF IMPURITY

4.1 ACCORDING TO uspt

The United States Pharmacopoeia (USP) classifies impurities in various sections (A)
Impurities in Official Articles (B) Ordinary Impurities. This found in bulk pharmaceutical
chemicals that are innocuous by virtue of having no significance on biological activity of the
drug substance. These impurities may arise out of the synthesis, preparation or degradation of

chemical. And (C) Organic Volatile Impurities-Organic volatile chemicals are produced in
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the Manufacture of drug substances or excipients or the preparation of drug products; they are

volatile in nature and by themselves get removed out at time of storage or processing.

4.2 ACCORDING TO ICH GUIDELINES 10 1]

The new drug substance specifications should include, limits for
i) Organic Impurities

- Each specific unidentified impurity at or above 0.1%

-Any unspecific impurity, with limit of not more than 0.1%

- Total impurities

i) Residual solvents

iii) Inorganic impurities

4.3 ACCORDING TO LITERATURE!* ™!

4.3.1 Organic impurities: They are the most common impurities found in every API unless
proper care is taken throughout the multistep synthesis. Although the end products are always
washed with solvents, there is always a chance that the residual unreacted starting material

remains, unless the manufactures are very careful about the impurities.

It can be any of following.

a. Starting Material-Example: In PCM Bulk, there is a limit test for p-aminophenol, which
could be starting material or intermediate for synthesis.

b. By product-Example: In the case of paracetamol bulk, diacetylated+ paracetamol may be
formed as a by product.

c. Intermediates

d. reagents

The spectroscopic studies (NMR, IR, MS etc. ) conducted to characterize the structure of
actual impurities present in the drug substance above an apparent level of 0.1% (e.g.,
calculated using the response factor of the drug substance) should be described. All recurring
impurities above an apparent level of 0.1% in batches manufactured by the proposed

commercial process should be identified of these studies.

4.3.2 Inorganic impurities: They may also derive from the manufacturing processes used for
bulk drugs. They are normally known & identified & include the Reagents, Ligands,

Catalysts, Heavy Metals, Filter aids, Charcoals etc. Inorganic impurities are normally
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detected and quantified using Pharmacopeial or other appropriate standards. Carryover of

catalysts to the drug substance should be evaluated during development.

4.3.3 Residual solvents: Residual solvents are organic volatile chemicals used during the
manufacturing processes or generated during the production. Some solvents that are known to

cause toxicity should be avoided in the production of the drugs.

Depending on the possible risk to humans, residual solvents are divided into 3 classes,
Class 1: Human carcinogens.
Class 2: Non genotoxic.

Class 3: Lower risk to human health.

4.3.4 Genotoxic impurities: These are the impurities that damage DNA by mutation of

genatic code. Example: Alkylation.

5. FACTORS AFFECTING IMPURITYE 16171

5.1 Crystallization: Based on the realization that the nature of structure adopted by a given
compound upon crystallization could exert a profound effect on the solid-state properties of
that system, the pharmaceutical industry is required to take a strong interest in polymorphism
and solvatomorphism as per the regulations laid down by the regulatory authorities.
Polymorphism is the term used to indicate crystal system where substances can exist in
different crystal packing arrangements, all of which have the same elemental composition.
Whereas, when the substance exists in different crystal packing arrangements, with a

different elemental composition; the phenomenon is known as Solvatomorphism.

5.2 Stereochemistry: Stereochemistry related compounds; that is, those compounds that
have similar chemical structure but different spatial orientation, these compounds can be
considered as impurities in the API’s. Chiral molecules are frequently called enantiomers.
The single enantiomeric form of chiral drug is now considered as an improved chemical
entity that may offer a better pharmacological profile and an increased therapeutic index with

a more favorable adverse reaction profile.

5.3 Synthetic Intermediates & By Product: Impurities in pharmaceutical compounds or a
new chemical entity (NCE) can originate during the synthetic process from raw materials,

intermediates and/or by-products. For example, impurity profiling of ecstasy tablets by GC-
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MS, and MDMA samples, produced impurities in intermediates via reductive amination

route.

5.4 Residual Solvents: Residual solvents are organic volatile chemicals used during the
manufacturing process or generated during the production as vehicle, dissolution media or for
granulation. Some solvents that are known to cause toxicity should be avoided in the
production of bulk drugs. A selective gas chromatography (GC) method has been developed
to determine the purity of acetone, dichloromethane, methanol and toluene. Using this

method, the main contaminants of each organic solvent can be quantified.

5.5 Formulation Related Impurities: Many impurities in a drug product can originate from
excipients used to formulate a drug substance. In addition, a drug substance is subjected to a
variety of conditions in the process of formulation that can cause its degradation or have
other undesirable reactions. Solutions and suspensions are inherently prone to degradation
due to hydrolysis or solvolysis. Fluocinonide Topical Solution USP, 0.05%, in 60-mL bottles,
was recalled in the United States because of degradation/impurities leading to sub- potency.
In general, liquid dosage forms are susceptible to both degradation and microbiological
contamination. Microbiological growth resulting from the growth of bacteria, fungi, and yeast
in a humid and warm environment may results in unsuitability of an oral liquid product for

safe human consumption.

5.6 Impurities During Storage: A number of impurities can originate during storage or
shipment of drug products. It is essential to carry out stability studies to predict, evaluate, and

ensure drug product safety.

5.7 Method Related Impurities: Due to deviation in pH and column temperature. Example:
The intramolecular cyclic reaction of diclofenac sodium forming an indolinone derivative and
sodium hydroxide. The formation of this impurity has been found to depend on initial pH of

the formulation.

5.8 Environmental: Effect of humidity, temperature, light.

5.9 Mutual Interaction: Most vitamins are very labile and on aging they create a problem of
instability in different dosage forms, especially in liquid dosage forms. Degradation of
vitamins does not give toxic impurities; however, potency of active ingredients drops below

Pharmacopoeial specifications.
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5.10 Functional group: Ester hydrolysis can be explained with a few drugs viz aspirin,

benzocaine, cefotaxime, ethyl paraben, and cefpodoxime proxetil.

Hydrolysis is the common phenomenon for ester type of drugs, especially in liquid dosage

forms viz benzylpenicillin, oxazepam and lincomycin.

Oxidative degradation of drugs like hydrocortisone, methotrexate, hydroxyl group directly

bonded to an aromatic ring (viz phenol derivatives such as catecholamines and morphine),

conjugated dienes (viz vitamin A and unsaturated free fatty acids), heterocyclic aromatic

rings, nitroso and nitrite derivatives, and aldehydes (especially flavorings) are all susceptible

to oxidative degradation.
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7. ISOLATION TECHNIQUES!?2
Isolation Methods It is often necessary to isolate impurities. But if the instrumental methods

are used, isolation of impurities is avoided as it directly characterizes the impurities.

Generally, chromatographic and non-chromatographic techniques are used for isolation of
impurities prior its characterization. The term ‘chromatographic reactor’ refers to the use of
an analytical-scale column as both a flow-through reactor, and simultaneously, as separation
medium for the reactant(s) and product(s). By using an HPLC, chromatographic reactor
approach, the solution-phase hydrolysis kinetics of the Aprepitant (EmendTM) prodrug,
fosaprepitant dimeglumine, were investigated. In loratidine, impurity found was ofloratidine;
other examples include celecoxib, and amikacin. A list of methods that can be used for

isolation of impurities is given below.

7.1 Solid-Phase Extraction Methods

Solid phase extraction (SPE) is an increasingly useful sample preparation technique. With
SPE, many of the problems associated with liquid — liquid extraction can be prevented, such
as incomplete phase separation, less-than-quantitative recoveries, use of expensive, breakable
specialty glassware, and disposal of large quantities of organic solvents. SPE is more efficient
than liquid — liquid extraction, yields quantitative extractions that are easy to perform, is
rapid, and can be automated. Solvent use and laboratory time are reduced. SPE is used very
often to prepare liquid samples and extract semi-volatile or nonvolatile analytes, and can also
be used with solids that are pre-extracted into solvents. SPE products are excellent for sample
extraction, concentration, and cleanup. They are available in a wide variety of chemistries,
adsorbents, and sizes. Selecting the most suitable product for each application and sample is

important.

7.2 Liquid - Liquid Extraction Methods

Liquid — liquid extraction, also known as solvent extraction and partitioning, is a method to
separate compounds based on their relative solubilities in two different immiscible liquids,
usually water and an organic solvent. It is an extraction of a substance from one liquid phase
into another liquid phase. Liquid — liquid extraction is a basic technique in chemical
laboratories, where it is performed using a separating funnel. This type of process is
commonly performed after a chemical reaction as part of the workup.
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7.3 Accelerated Solvent Extraction Methods

Accelerated Solvent Extraction (ASE) is a better technique for the extraction of solid and
semisolid sample matrices, using common solvents, at elevated temperatures and pressures.
ASE systems are available in the entry level ASE 150 system and the fully automated ASE
350. Extractions that normally take hours can be done in minutes using ASE with pH
hardened pathways, using Diontum™ components. Compared to techniques such as Soxhlet
and sonication, ASE generates results in a fraction of the time. The many steps involved in
sample preparation can now be automated with the ASE flow-through technology. Filtration
and clean up of solid samples can be achieved as part of the solvent extraction process in a
single step. ASE offers a lower cost per sample than other techniques, reducing solvent

consumption by up to 90%.

7.4 Supercritical Fluid Extraction

Supercritical Fluid Extraction (SFE) is the process of separating one component (the
extractant) from another (the matrix), using supercritical fluids as the extracting solvent.
Extraction is usually from a solid matrix, but can also be from liquids. SFE can be used as a
sample preparation step for analytical purposes, or on a larger scale to either strip unwanted
material from a product (e.g., decaffeination) or collect a desired product (e.g., essential oils).
Carbon dioxide (COy) is the most used supercritical fluid, sometimes modified by co-solvents
such as ethanol or methanol. Extraction conditions for supercritical CO, are above the critical
temperature of 31°C and critical pressure of 72 bars. Addition of modifiers may slightly alter
this.

7.5 Column Chromatography

Column chromatography in chemistry is a method used to purify individual chemical
compounds from mixtures of compounds. It is often used for preparative applications on
scales from micrograms to kilograms. The classical preparative chromatography column is a
glass tube with a diameter of 50 mm and a height of 50 cm to 1 m with a tap at the bottom.
Two methods are generally used to prepare a column; the dry method and the wet method.
The individual components are retained by the stationary phase differently and separate from
each other while they are running at different speeds through the column with the eluent. At
the end of the column they elute one at a time. During the entire chromatography process the
eluent is collected in a series of fractions. The composition of the eluent flow can be

monitored and each fraction is analyzed for dissolved compounds, for example, by analytical
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chromatography, UV absorption or fluorescence. Colored compounds (or fluorescent

compounds, with the aid of an UV lamp) can be seen through the glass wall as moving bands.

7.6 Flash Chromatography

Distillation, re-crystallization, and extraction are all important techniques for the purification
of organic compounds. However, the technique used most commonly in modern organic
research is ‘flash’ chromatography. In traditional column chromatography the sample to be
purified is placed on top of a column containing some solid support, often silica gel. The rest
of the column is then filled with a solvent (or a mixture of solvents), which then runs through
the solid support under the force of gravity. The various components to be separated travel
through the column at different rates and are then collected separately as they emerge from
the bottom of the column. Unfortunately, the rate at which the solvent percolates through the
column is slow. In flash chromatography, however, air pressure is used to speed up the flow

of the solvent, dramatically decreasing the time needed to purify the sample.

7.7 Thin Layer Chromatography

Thin layer chromatography (TLC) is a chromatography technique used to separate mixtures.
Thin layer chromatography is performed on a sheet of glass, plastic or aluminum foil, which
is coated with a thin layer of adsorbent material, usually silica gel, aluminium oxide or

cellulose. This layer of adsorbent is known as the stationary phase.

After the sample has been applied on the plate, a solvent or solvent mixture (known as the
mobile phase) is drawn up the plate via capillary action. As different analytes ascend the TLC

plate at different rates, separation is achieved.

Thin layer chromatography finds many applications to determine the components that are
contained in plants. It is also used for monitoring organic reactions and analyzing ceramides
and fatty acids; for the detection of pesticides or insecticides in food and water; for analyzing
the dye composition of fibers in forensics and identifying compounds present in a given
substance, and for assaying the radiochemical purity of radio pharmaceuticals. A number of
enhancements can be made to the original method, to automate the different steps, to increase
the resolution achieved with TLC, and to allow more accurate quantization. This method is
referred to as HPTLC or ‘high performance TLC’.
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7.8 Supercritical Fluid Chromatography

Supercritical Fluid Chromatography (SFC) is a form of normal phase chromatography that is
used for the analysis and purification of low-to-moderate molecular weight, thermally labile
molecules. It can also be used for the separation of chiral compounds. Its principles are
similar to those of HPLC, however SFC typically utilizes carbon dioxide as the mobile phase;

therefore, the entire chromatographic flow path must be pressurized.

7.9 Gas Chromatography

Gas-liquid chromatography (GLC) or simply gas chromatography (GC) is a common type of
chromatography used in analytical chemistry for separating and analyzing compounds that
can be vaporized without decomposition. Typical uses of GC include testing the purity of a
particular substance or separating the different components of a mixture (the relative amounts
of such components can also be determined). In some situations, GC may help in identifying
a compound. In preparative chromatography, GC can be used to prepare pure compounds

from a mixture.

7.10 High Performance Liquid Chromatography

High performance liquid chromatography (or high pressure liquid chromatography, HPLC) is
a form of column chromatography used frequently in biochemistry and analytical chemistry,
to separate, identify, and quantify compounds, based on their idiosyncratic polarities and
interactions with the column's stationary phase. HPLC utilizes different types of stationary
phases (typically, hydrophobic saturated carbon chains), a pump that moves the mobile
phase(s) and analyte through the column, and a detector that provides a characteristic
retention time for the analyte. The detector may also provide other characteristic information
(i.e., UV / Vis spectroscopic data for the analyte if so equipped). Analyte retention time
varies depending on the strength of its interactions with the stationary phase, the ratio /

composition of the solvent(s) used, and the flow rate of the mobile phase.

7.11 UV Spectrometry

Ultraviolet (UV) spectroscopy is a physical technique of the optical spectroscopy that uses
light in the visible, ultraviolet, and near infrared ranges. The Beer-Lambert law states that the
absorbance of a solution is directly proportional to the concentration of the absorbing species
in the solution and the path length. Thus, for a fixed path length, UV / VIS spectroscopy can
be used to determine the concentration of the absorber in a solution. It is necessary to know
how rapidly the absorbance changes with concentration.
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7.12 Infrared Spectroscopy

Infrared spectroscopy is the subset of spectroscopy that deals with the infrared region of the
electromagnetic spectrum. It covers a range of techniques, the most common being a form of
absorption spectroscopy. As with all spectroscopic techniques, it can be used to identify
compounds and investigate sample compositions. A common laboratory instrument that uses
this technique is an infrared spectrophotometer. The infrared portion of the electromagnetic
spectrum is usually divided into three regions; the near-, mid- and far-infrared, named
according to their relation to the visible spectrum. The far-infrared, approximately 400 — 10
cm™ (1000 — 30 um), lying adjacent to the microwave region, has low energy and may be
used for rotational spectroscopy. The mid-infrared, approximately 4000 — 400 cm™ (30 — 2.5
um), may be used to study the fundamental vibrations and associated rotational-vibrational

structure.

7.13 Fluorescence Spectroscopy

Fluorescence spectroscopy is called as fluorometry or spectrofluorometry. It is a type of
electromagnetic spectroscopy, which analyzes the fluorescence from a sample. It involves
using a beam of light, usually ultraviolet light, which excites the electrons in the molecules of
certain compounds and causes them to emit light of a lower energy, typically, but not
necessarily, visible light.

Table 1: Goals of impurity investigations

Process-related impurities

Degradation-related impurities

Identify significant impurities

Determine origin of impurities and method for
elimination or reduction

Establish a control system for impurities
involving:

1) Processing/manufacturing conditions
2)Suitable analytical methods/ specifications

Identify potential degradation product through stress
testing and actual degradation products through
stability studies.

Understand degradation pathway and methods to
minimize degradation.

Establish a control system for impurities involving:
1) Processing/manufacturing conditions

2) Suitable analytical methods/ specifications

3) Long term storage conditions including packaging
4) Formulation.

Following are the few examples of impurities which are reported in the API’S.
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Table 2 Various impurities reported in API’s

Dug Impurity Wlathod Rafarencs
AmphotaricinB Tetrasnas UV spactroscopy | [24]
Atropine sulphats Apo atropine UV spectroscopy | [24]
Cloxacillin MM dimathy] anilina GC [24]
Diaxtross 5 hydroxv] methyl furfural UV spactroseopy | [25]
Doxombicin Acstone and ethanol GC [23]
Hwdrochloride

Ethambutol 2 amino butanol TLC [23]
Hydrochlorida

Fluorasesna sodium | Dimethyl formamids GC [25]
Framwvesatin sulphata | Mzamins TLC [23]
Marcaptopurines Hypoxanthins UV spactroscopy | [26]

2. 5-bis[{N -cvano-N" "-mathw])

Cimestidins guinidinosthvlthiomethvl]-4- HFLC [27]
mathvlimidazols and 1,8- bis[{1’
cvano- N’ ' - methyl)guinidine]-3.6
dithisoctans
MNorgestral 1,17 a-disthiny]-13-athwl 3.5-| TLC, HPLC and | [28]
gonadizns-17-o0l UV spectroscopy
Calecoxib [3-{4-mathylphany])-3 HPLC, LC, LC- | [29]
trifluromathvl-1H pyrazola], 4- [3- [ BIS-MIS

(2" -mathvlphenvl)-3-
(trifluoromethw])-1H pyrazcl- 1-+1]

benzenssulphonamids, and 4-[4-

8. Applications

Numerous applications have been sought in the areas of drug designing and in monitoring
quality, stability, and safety of pharmaceutical compounds, whether produced synthetically,
extracted from natural products or produced by recombinant methods. The applications
include alkaloids, amines, amino acids, analgesics, antibacterials, anticonvulsants,
antidepressant, tranquilizers, antineoplastic agents, local anesthetics, macromolecules,

steroids, miscellaneous.®!

9. CONCLUSION

Nowadays, it is mandatory requirements in various pharmacopoeias to know the impurities
present in API’s. Isolation and characterization of impurities is required for acquiring and
evaluating data that establishes biological safety which reveals the need and scope of
impurity profiling of drugs in pharmaceutical research. To isolate and quantify the impurities,

various instrumental analytical techniques are routinely been used.
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