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ABSTRACT:

In pharmaceutical world, an impurity is considered as any other organic or inorganic material, besides the drug
substance, or ingredients, that arise out of synthesis or unwanted chemicals that remains with API’s. The
impurity may arise either during formulation, or upon aging of both API’s and formulated API’s in medicines.
Nowadays, the focus has been definitely shifted from the ‘purity profile ‘to ‘impurity profile’ (IMPs) that are
present in the drug substance and degradation products (DP) including genotoxic impurities (GITs) in the
finished pharmaceutical products. The presence of such superfluous impurities may affects the ADMET
properties of drugs in human body. The control of impurities in formulated products and API’s were regulated
by different regulatory authorities like ICH, USFDA, FDA, Canadian Drug and Health Agency are emphasizing
on the purity profile and the identification of impurities in API’s. Thus enlightening the need of impurity
profiling of drug substances or drug products in pharmaceutical research this review focuses on various
analytical method and advances in the analytical techniques used for their identification as well as quaification
of the impurities present in pharmaceutical products. There are different methods for detecting and
characterizing the impurities with TLC, HPLC, HPTLC, etc. Impurity profiling study in the recent
pharmaceutica outline and its importance is growing day-by-day. The present review covers the various strand
related to the analytical method devel opment for impurity profiling of APl and pharmaceutical products.
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INTRODUCTION:

In pharmaceutical industries, the bulk manufacturing
industry that forms the base as it is the source of API’s
of specific quaity. Drug formulations contain Active
pharmaceutical Ingredients and excipients. APIs present
in the formulation contain some undesired impurity,
which aso affects the purity of the APIs. Therefore,
along with percent (%) purity, impurity profile is also
needed to be carried out of al the APIs.
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Impurities in the pharmaceuticals are the surplus
chemicas that stay behind within the active
pharmaceutical  ingredients or develop during
formulation or upon again of both active content as well
as formulated active ingredients to medicines [2]. The
presence of such unwanted chemicals even in small
amounts may affects the efficacy and safety of the
pharmaceutical products. Impurity profiling deals with
identification, recognition, structure eucidation and
quantitative determination of organic, inorganic
impurities also the residua solvents in bulk drugs and
pharmaceutical products. Over last few decades much
attention is paid towards the quality of pharmaceuticals
products that enter the market. It is therefore, necessary
to keep vigorous quality control checks in order to

31



Research Journal of Pharmaceutical Dosage Forms and Technology. 8(1): January-March, 2016

maintain the quality and purity profile of output of each
industry [3]. Different pharmacopoeias such as Indian
pharmacopoeia (1P), British pharmacopeia (BP) and the
United States pharmacopeia (USP) ae dowly
incorporating limits to acceptable levels of impurities
present in APIs or formulation [3]. The Internationa
conference on Harmonization (ICH) has published
various guidelines on impurities in new drug substances
or drug products and residua solvents. The various
analytical techniques approaches for isolation and
identifying the process related to impurities and
degradation products in drug substance or products are
Mass  spectroscopy  (MS), Nuclear magnetic
spectroscopy (NMR), Gas chromatography
(GC),Capillary electrophoresis, High performance liquid
chromatography (HPLC), etc. has been established to
review a summary of the various problem and the other
possibilities offered by modern analytical chemistry
[1,6].

Impurity profiling:

There is no pinpoint definition for impurity profile. It
gives an account on impurities that are present in the
bulk and finished drug substance or product. It helpsin
identifying and quantifying the impurities present in the
typical batch of APl or pharmaceutica formulation
produced by a specific controlled production process [1].
It gives maximum possible types of impurities present in
drug substance or drug products (API) and in
pharmaceutical formulations. It also estimates the actual
quantity of different kinds of impurities present in it.

ICH Guiddinesfor impurity profiling:

It is now getting an important critical attention from
regulatory authorities. The International Conference on
Harmonization has published various guidelines on
impurities in drug substances and drug products as well
asresidual solvents[3].

1) Q1A-“stability testing of new drug substances and
products”

2) Q3A (R2) - “Impurities in New Drug Substances”

3) Q3B (R2) - “Impurities in New Drug Products”

4) Q3C (R5) - “Impurities: Guidelines for Residual
Solvents”

According to the ICH guidelines on impurities in new
drug products, the identification of impurities below
0.1% level is not considered to be necessary, unless
potential impurities are expected to be usually potent or
toxic. Limits for impurities in drug substances are shown
intablel [2, 8].

Tablel: limitsfor impuritiesin new drug substance

Maximum  Reporting Identification Qualification
daillydose  Threshold Threshold Threshold
<2g/day 0.05% 0.10% or 10 mg 0.15%or 10
per day mg per day
intake(whichever intake(whichev
islower) er islower)
>2g/day 0.03% 0.05% 0.005%

Classification of impurities:

The classification of impurities as per ICH is as falowed
(3]

1) Organic impurities (process and drug related)

2) Inorganic impurities (Reagents, ligands, catalysts)

3) Residual solvents (volatile solvents)

Organicimpurities:

These types of impurities arise manly during
manufacturing process and /or during storage of the drug
substance. These include following impurities:

Starting materialsor intermediates:

The impurities that arise from starting materias or
intermediates is found in every APl unless proper careis
not taken in every step involved in the multi-step
synthesis. Although the end product are always washed
with solvents, there is always chance that the residua
unreached starting material remain, except the
manufactures are very careful about the impurities [3-4].
E.g. In the synthesis of Baclofen, the last step carried out
with Glutarimide which on reaction with sodium
hydroxide/sodium hydrochloride a room temperature
yields an impurity i.e. p-chlorophenylglutaric acid [7].

Degradation products:

During manufacturing of the bulk drugs degradation of
the end products results in the formation of impurities.
Degradation products that arise during the synthetic
process, storage, manufacturing of dosage form and
aging. E.g. Penicillin and cephalosporin are classic
examples for impurities from degradation products [3].

By —products:

In synthetic organic chemistry getting an single end-
product with 100% vyield is very rare. There is dways a
chance of having a by-product [3-4,17]. Because they
can be formed through variety of side reactions such as
partia reaction, unskilful reaction, over reaction,
isomerization, rearrangement or unwanted reactions
between starting or intermediate material with chemical
reagent or catalysts. E.g. In case of paracetamol bulk
production, diacetylated paracetamol may forms as a by-
product [3].

Inorganicimpurities3-4,17]:
Inorganic impurities are normally detected and
quantified using different pharmacopeia or other
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appropriate standards. Inorganic impurities may aso
derive from the manufacturing processes used in bulk
drugs formulations. These type of are normally known
and identified and include the following:

Reagents, ligands and catalysts:

The chances of having these type of impurities are very
rare, however, in some processes these could create a
problem unless the manufacturers himself take proper
care during production.

Heavy metals:

The main source of heavy metals are the water used in
processes and the reactors (stainless steel reactors are
used), where acidification/ acid hydrolysis takes place.
These impurities of heavy metals can therefore, easily be
avoided using demineralized water and glass-lined
reactors.

Other materials (e.g., filter aids, charcoal etc.):

The filters or filtering aids such as centrifuge bags have
been routinely used in the bulk drugs manufacturing
plants and in many cases, activated carbon is aso used.
The regular observation of fibers and black particles in
the bulk drugs is essentiad to avoid these type of
contaminations.

Residual solvents:

Residual solvents are organic, inorganic volatile
chemicals that are used or produced in the manufacture
of drug substances or excipients, or in the manufacturing
of drug products. Residua solvents are difficult to
remove completely [4, 8]. However, efforts have been
taken to remove them completely. The residual solvents
are classified asfollows:

Class 1 solvents:

These types of solvents should be avoided in
pharmaceutical products known human carcinogens and
are strongly suspected human carcinogens and
environmental hazards. Solvents to be avoided in
pharmaceutical products are listed below in table 2 [8].

Table 2: Solventsto be avoided in pharmaceutical products

Solvents Concentration limit concern
(Ppm)
Benzene 2 Carcinogenic
Carbon tetrachloride 4 Toxic
1,1-Dichloro ethane 8 Toxic
1,1,1-Trichloroethane 1500 Environmental
hazard

Class 2 solvents:

Non-genotoxic animal carcinogens or possible causative
agents of other irreparable toxicity such are
neurotoxicity or teratogenicity. The solvents to be
limited in the pharmaceutical productsin table 3[8].

Table 3: Solventsto belimited in pharmaceutical products

Solvents Permitted daily Concentration limit
exposure (mg/day) (Ppm)

Acetonitrile 41 410

Chlorobenze 3.6 360

Chloroform 0.6 60

cyclohexane 388 3880

1,2-Dichloroethane 18.7 1870

Class 3solvents:

These solvents are less toxic in acute or minuscule term
studies and negative in genotoxic studies. The amount of
these residual solvents of 50 mg or less would be
acceptable. E.g. for this class of solvents are Acetic acid,
Acetone, Anisole, 1-Butanol, 2-butanol, Ethanol, Ethyl
acetate [3, g].

Class 4 solvents:

The solvents of this class may be interesting to
manufacturers of the excipients, drug substances or drug
products. But there was no sufficient toxicological data
on which to base a permitted daily exposure was found.
E.g. for this class of solvents are 1, 1-Diethoxy propane,
1-Dimethoxy propane, Isooctane [3, 8].

Formulation related impurities:

A number of impurities can arise out of inert ingredients
used to formulate a drug substance. The formulation
related impurities are classified as follows [2-3]:

Method rel ated

) Environmental related The primary environmental
factors that can reduce stability include the
following factors:

c) Exposuresto adverse temperatures

d) Light- especialy UV light

€) humidity

f) Dosage form related

g) Mutud interaction amongst ingredients

h) Ester hydrolysis

i) Functiona group related typical degradation

j) Oxidative degradation

k) Hydrolysis

I) Photolytic cleavage

m) Decarboxylation

Te

Degradation products and its qualification [8, 16]:

Degradation product is an impurity resulting from a
chemical change in the drug substance brought about
during manufacturing and/or storage of the new drug
product by the effect of light, temperature, pH, or by the
reaction with an excipient and/or the immediate
container closure system. According to ICH guidelines
Qualification is defined as the process to determine and
evaluating the data that establishes the biologica safety
of an individual degradation product that are present in a
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profile at level(s) specified. Hence for any degradation
product present in the new drug substance should be
adequately tested in safety and clinical studies for their
quaification. An impurity is considered to be qualified
based upon the acceptance criteria of one or more of the
following conditions they are as follows:

a) When observed level and proposed accepted criteria
does not exceed the level observed in FDA approved
human drug product.

b) When the impurity is a significant metabolite of the
drug substance.

¢) When the observed level and the predetermined
accepted level for the impurity is adequately justified in
the scientific literature.

d) When the predetermined and the accepted level for
impurity does not exceed the level that has been
sufficiently evaluated in comparative in-vitro genetoxic
studies.

Is degradation
product
=identificatio
n threshold

¥ No action |

Yes No
" Any known
Yes i b Reduce to
Yes relevant risk safe level

Reduced not

more than (=)
identification

No further
action

threshold?

Reduced o

identification

No

Consider patient population and duration
of use and consider during conducting:

*  Genotoxicity studies
*  General toxicity studies
¢ Other specific toxicity endpoints

not more than

(<) threshold?

>Than
qualification
threshold?

Any chemically
relevant
adverse risk?

Qualified

Chart No. 1: The Decision treefor identification and Qualification of a Degradation product
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Recall of products dueto degradation:

During qualification of drug substance or drug products
certain drugs may undergo degradation which are
recalled by the USFDA due to presence of certain
IMPs/DPs example of such degradation products are as
fallows[5]:

1. Adagen injection 250 unit¥ml, 1.5 ml single-dose
vials/carton (250 cartons) were recalled during routine
stability testing, levels of IMP were out of specification.
2. Azelastin hydrochloride opthamic solution, 0.05 %
(sterile), 6 ml bottles (155,363 bottles) were recalled
during anaysis of 18 months controlled stability
samples.

3. Cycloprirox Gel, 0.77%, 45 g tube (24,664 tubes)
were recall due to unspecified IMP a the 9 month
stability test station.

4. Migergot Recta suppositories USP (10,968 boxes)
product were recall due to out of specification for a
known DP, ergotaminine.

5. A recal of nelfinavir mesylate product from the
market due to conversion of mesylate to ethyl methane
sulfonate, a GTI owing to interaction with residual
ethanol that was used for cleaning manufacturing
surfaces.

6. Fluocinonide Topica Solution USP, 0.05% in 60 mL
bottles, was recalled in the United States because of
degradation/impurities leading to sub-potency

7. A report is available where varnish applied to label
migrated into the container resulting in the presence of a
leachablein the product.

I solation [3-6]:

It is frequently necessary to isolate the impurities. But if
in case instrumental methods are used, the isolation of
impurities is avoided as it directly leads to the
characterization of impurities. Generaly,
chromatographic and non-chromatographic techniques
are been used for isolation of impurities prior its
characterization. The term ‘chromatographic reactor’
refers for the use of an anaytical scale column as both a
flow through reactor and simultaneously as separation
medium for the reactant and product. By using HPLC,
the solution phase hydrolysis kinetics of Aprepitant
prodrug, for aprepitant dimeglumine, were investigated.
A list of methods that can be used for isolation of
impurities are liquid-liquid extraction, solid-phase
extraction method, supercritical fluid extraction, column
chromatography, flash chromatography, thin layer
chromatography, capillary  electrophoresis  (CE),
Accelerated solvent extraction methods.

Characterization M ethods:

Highly sophisticated instrument such as MS attached to
HPLC or GC are inevitable tool in the identification of
minor components such as drugs, impurity, degradation
products, metabolites, etc. in various matrices. For such

impurities characterization different techniques are used
which are as fallows.

NMR:

The ability of the NMR is use to provide information
regarding the specific bond structure and the
stereochemistry of molecules of pharmaceutical interest
has made it a powerful analytical instrument for
identification and structura elucidation. The ability of
NMR base diffusion coefficient determination to
distinguish between monomeric and dimeric substances
was validated using a standard mixture of authentic
mixture which contains both monomers and dimers.
However, NMR is been used as less traditional method
compared to other analytical techniques. Conventionally
sample requirements for NMR is in order of 10 mg, as
compared with MS, which requireslessthan 1 mg [2-6].

MS

It has a sdignificant increasing impact on the
pharmaceutical development processes over past few
decades. Mass spectroscopy have afforded new
opportunities  for  monitoring, qualification and
characterization of drug related substances and products
in API’s and pharmaceutical formulations. If single
method fails to provide the necessary information
orthogonal coupling of chromatographic techniques is
been done such as HPLC-TLC and HPLC-CE is been
used for routine QC (Quality control) use [2-6].

Hyphenated methods

- LC-MSMS
HPLC-DAD-MS
HPLC-DAD-NMR-MS
LC-MS

CONCLUSION:

This review provides a perspective on impurity profiling
in drug substance and drug product. Impurity profiling in
pharmaceutical world is an increasing importance and
drug safety receives more and more attention from
public and media This article provides valuable
information regarding the types of impurities and its
various techniques for isolation and characterization,
various anaytical techniques for determination,
identification and qualification of impurities and critical
factors ha to be considered while the preparation of the
bulk drugs.

ACKNOWLEDGEMENTS:

The authors are thankful to the management of Dr.
Bhanuben Nanavati College of pharmacy for providing
all the necessary facilities.

35



Research Journal of Pharmaceutical Dosage Forms and Technology. 8(1): January-March, 2016

REFERENCES:

1. S J. Ingale, Chandra Mohan Sahu, et al, Advances approaches for
the impurity profiling of pharmaceutical drugs: A review, Int. J.
Pharm. and Life Sci. (IJPLS), Vol. 2, Issue 7-Suppl: July: 2011,
955-962.

2. SS. Pawale, SP. Saley, DR. Mundhada and SK. Tilloo, Impurity
Profile in Bulk Drugs and Pharmaceutical Preparation, Int. J.
Pharm. and Chem Sci., Vol. 1 (4), Oct- Dec: 2012, 1227-1237.

3. Renu Solanki, Impurity Profiling of Active Pharmaceutica
Ingredients and Finished Drug Products, Int. J. Drug Res. Tech.
2012, Vol. 2(3), 231-238.

4. P. Venkatesan and K. Valliappan, Impurity Profiling: Theory and
Practice, J. Pharm. Sci. and Res. Vol. 6 (7), 2014, 254-259.

5. Saranjit Singh, Tarun Handa, et al, A critical review on the use of
modern sophisticated hyphenated tools in the characterization of
impurities and degradation products, Journal of Pharmaceutical
and Biomedical Analysis, 69 (2012), 148- 173.

6. Sanjay B. Bari, Bharati R. Kadam, et al, Impurity profile:
Significance in Active Pharmaceutical Ingredient, Eurasian Journal
of Analytical Chemistry Vol 2, No 1, 2007, 33-53.

7. Kalam.\Vinusha, Srinath Nissankararp, et a, Retrospect of
Impurity Profiling- An Industry Perspective, Int. J. Pharm. Sci.
1(2) 2013, 89-98.

8. Vijayalakshmi R, Kumaravel S and S Anbazhagan,Scientific
Approaches for Impurity Profiling in New Pharmaceutical
substances and its Products-An Overview, Int. J. pharm and chem.
Sci. Voal. 1(1), Jan — Mar 2012, 386-403.

6. Impurities In New Drug Substances Q3A(R2), ICH Harmonised
Tripartite Guideline, International Conference on Harmonisation
of Technical Requirements For Registration of Pharmaceuticals
For Human Use, Current Step 4 version dated 25 October 2006.

7. V.S Tegeli, G.B. Gaeli, GK. Chougule, Y.S. Thorat, U.S.
Shivsharan, , S.T. Kumbhar, Significance of Impurity Profiling: A
Review, International Journal Of Drug Formulation And Research,
Tegelietal. / IIDFR volume 2 Issue 4, Jul-Aug.2011.

8. Prabu, S. L., Suriyaprakash, T. N. K., International Journa of
Pharmaceutical Sciences Review and Research. 20103(2), Page
No. 66- 71.

9. Federa Register (2000), International Conferences on
Harmonization, Draft Revised Guidance on Impurities in New
Drug Products, Q3B(R), 44791-97.

10. http://pharmtech.findpharma.com/pharmtech/Analytical/Organic-
Impurities-in-Chemical-Drug accessed on 2 April 2012

11. Van Krimpen, PC and Bult, A (1987), Penicillins and
cephalosporins:  physicochemical properties and analysis in
pharmaceutical and biological matrices, 1JPS, Vol. 22 (9), 67-80

12. Nisha M, Ismail M, Ismail R, Duncan F, Maili L, Jeremy K N and
John C L (1999) Impurity profiling in bulk pharmaceutical batches
using 19F NMR spectroscopy and distinction between monomeric
and dimeric impurities by NMR-based diffusion measurements. J.
Pharm Biomed Anal 19:511.

13. Fiori J, Bragieri M, Zanotti M C, Liverani A, Borzatta V, Mancini
F, Cavrini V and Andrisano V (2005) LC-TMS for the
identification of impurities in d-allethrine samples. J Chromatogr
A 1099:149.

14. Jiben Roy, Pharmaceutical ImpuritiessA Mini Review, AAPS
Pharma SciTech, 2002; 3(2) pp 1-8.

15. Medicina Products, Q3A, 1995:1-11.

16. Federal Register, International Conferences on Harmonization,
Impurities in New Drug Products, European Medicines
Agency,Q3B (R2), 2006: 3-14.

17. Shah SR., Patel M.A., Naik M.V, Pradhan P.K., Upadhyay U.M.
Recent Approaches of Impurity Profiling in Pharmaceutica
Analysis: A Review. International Journal of Pharmaceutical
Sciences and Research, 2012; 3(10):3603-3617.

18. Basak AK, Raw AS and Al Hakim AH. Pharmaceutical impurities:
Regulatory perspective for Abbreviated New Drug Applications.
Advanced Drug Delivery Reviews.2007;59:64-72.

36



