WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 8.453
Volume 13, Issue 9, 902-919. Review Article ISSN 2277- 7105

PURIFICATION AND IMPURITY CONTROL IN APIS

Harshad Harishchandra Ubale*, Shubham Gorakh Kshirsagar, Ritika Dipak Vagare,
Bhagyashri Balaso Shinde

India.

Article Received on ABSTRACT
11 March 2024,

Revised on 01 April 2024, . . )
Accepted on 21 April 2024 performed alone or by the conjunction with the help of method to

A majority spectroscopic and chromatographic method can be

DOI: 10. 20056/wjpr20249-32179 determine the contaminants. Impurities can be found and characterised

using a variety of techniques like atomic absorption spectroscopy

=] = (AAS), HPLC, HPTLC. Traditional HPLC in particular form of liquid

: ﬁ chromatography, has been thoughtfully utilised throughout the field of

Eﬁl:‘l__ impurity profiling. Opportunities for continuous separation based on

*Corresponding Author polymer membrane wettability are created by the ongoing processing

Harshad Harishchandra of pharmaceuticals. In-line liquid-liquid extraction is made possible by
Ubale

i, the dual utilization of hydrophobic and hydrophilic membranes in the
synthesis of four crucial APIs. Phase separation of aqueous—organic

reaction streams depends on a secondary membrane with opposing wetting properties. Many

purification techniques can be used to purify pharmaceutical drugs at all scales, addressing

some of the more difficult problems associated with drug purification. Pharmaceutical

medications method such as single-use manufacture, chromatography, sterile sampling,

ultrafiltration, process development, and sterile filtration.

KEYWORDS: In-line liquid-liquid extraction is made possible by the dual utilization of
hydrophobic and hydrophilic membranes in the synthesis of four crucial APIs.

INTRODUCTION

This research aims to explore the various purification techniques and impurity control
strategies employed in the manufacturing of APIs. By elucidating the principles and
methodologies underlying purification processes, this study seeks to enhance understanding
of how impurities are identified, quantified, and controlled throughout the manufacturing

process. Furthermore, the regulatory landscape governing impurity limits and quality
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standards for APIs will be examined, emphasizing the need for compliance with regulatory

guidelines to ensure product safety and efficacy.!!

The purification of synthetic API’s and semi-synthetic API’s can be done by various methods

are as follows.

1. Crystallization: That involves the precipitation of the API from a solvent by cooling or
evaporation, resulting in the formation of pure crystals which can then be separated from
impurities.

2. Sublimation: This technique involves the conversion of a solid directly into a vapour
without passing through a liquid phase. It’s particularly useful for purifying volatile
substances.

3. Distillation: It’s especially effective for purifying liquids and volatile compounds.
Chromatography: This encompasses various techniques such as HPLC, HPTLC, GC
component have been removed chromatography according to how well they bind to
mobile & stationary phase.!?

4. Ultrafiltration: Involves passing a solution through a semipermeable membrane to
separate particles based on size. It’s commonly used for removing macromolecules and
particulate impurities from solutions

5. Nano filtration: This technique employs membranes with nanoscale pores to separate
substances based on size and molecular weight. It’s particularly useful for purifying water

and removing small organic molecules and ions™!

Purification processes aim to remove these impurities to ensure the final product meets
regulatory standards for safety and efficacy. Control measures include stringent process

optimization, analytical testing, and adherence to Good Manufacturing Practices (GMP) [

The excipient and the active pharmaceutical ingredient (API) are the two basic parts of all
pharmacological medications. The excipients are Chemically inert materials that transport the
active pharmaceutical ingredient (API) to the desired location within an individual’s body;

the API itself possesses the medicinal properties ™™

Classification of purification
Purification control in APl (Active Pharmaceutical Ingredient) manufacturing typically falls

under critical quality attributes (CQAS) and is classified based on various parameters such as
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[N

. Physical Purification

e Crystallization: Utilized to isolate and purify API crystals from the reaction mixture.

e Filtration: Removes solid impurities or particulate matter from the API solution or
suspension.

o Distillation: Separates components based on differences in boiling points, commonly used

to purify solvents or remove volatile impurities.

N

. Chemical Purification

e Chemical Reactions: Further chemical transformations to remove impurities or convert
them into more easily separable forms.

e Complexation: Formation of complexes with specific ligands to selectively remove
impurities.

e Precipitation: Addition of reagents to induce the precipitation of impurities, followed by

filtration or centrifugation.®”

3. Chromatographic Purification

A. Column Chromatography: Separates components on the basis of mobile&stationary phase
B. High-Performance lig Chromatography (HPLC): Offers higher resolution and faster
separation, commonly used for the purification of APIs with complex impurity profiles.

C. Thin layer chromatography Used for preliminary separate out and observe the impurities!®!

4. Biological Purification

A. Biological Assays: Utilized to assess the biological activity and purity of APIs, particularly
for biologically derived substances such as peptides or proteins.

B. Filtration through Biological Filters: Removal of microbial contaminants through filtration

using specialized biological filters.

5. Process Optimization

A. Parameter Optimization: It include temperature, pH, flow rate, along with pressure to
enhance purification efficiency and yield.

B. Scale-Up Considerations: Ensuring scalability of purification processes from laboratory-

scale to industrial-scale production while maintaining product quality and purity*®!
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Classification of Impurities

Organic impurities

In all APIs, the most prevalent kind of contaminants are organic ones. They are created while
the API is being synthesized. The associated impurities in the synthesis process can be

obtained from material,product, catalyst.[”

Inorganic impurities
Inorganic impurities are typically introduced during the drug substance’s manufacturing or
exist as impurities in the excipients. The majority of inorganic contaminants are recognized

and classified as follows

Heavy metal: These comprise substances that can be harmful to people even at extremely low
[11]

concentrations, such as vanadium, antimony, bismuth etc.
Inorganic reagents and catalysts: These are substances that are utilized in the API’s
manufacturing process and could include contaminants. Sulphuric acid, platinum, and sodium
hydroxide are a few examples.!*?

Residual solvent: The airborne produce during the producing excipients, drug product
preparation are known as residual solvents. They are dangerous for people’s health. Based on
their degree of toxicity, residual solvents are categorized by ICH into the following three

groups*?

Class 1 solvent: These solvents are recognized as the most hazardous and are thought to be a

serious threat for people wellness. C6H6, CCL4, C2H4CL2, and are a few examples.

Classll solvent: These solvents have a moderate level of toxicity and could be harmful to
people’s health if exposure is not well managed. Methylene chloride, isopropanol, and

ethanol are a few examples**!

Method of isolation and identification of APl impurities
For governments and the pharmaceutical industry, recognising and determining control for

contaminants in active APl was a crucial undertaking.

To standardise technical stipulation for pharmaceutical record in the US, Japan the

International meeting on Harmonisation was founded in the since 1990. It is advised to
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observed & characterise some contaminants 0.10% increase level in accordance ICH criteria.
It is the most significant analytical tasks in the developed is the detection of contaminants in
APIs [t

High Performance Liquid Chromatography. HPLC also separates & quantifies impurities
forms to the stationary and mobile phase. HPLC are highly sensitive and can detect

impurities at low concentrations.

Gas Chromatography: They are used for evaluating volatile contaminants found in APIs. It
divides substances into mobile gas phases and stationary phases according on how they
partition. Remaining solvents and volatile organic contaminants are frequently evaluated by
gas chromatography.!*®!

Mass spectrometry-liquid chromatography: Liquid chromatography's separation powers
are combined with mass spectrometry's detection and identification powers to create LC-MS.
It offers mass spectral information as well as chromatographic separation and is utilized for
the identification and measurement of contaminants in APIs.[*"!

Nuclear Magnetic Resonance Spectroscopy: NMR spectroscopy is used to determine the
structural makeup of contaminants in active pharmaceutical ingredients (APIs). It enables the
detection and impurities by giving information about the molecular structure and connectivity

of molecules.

Ultra violet Visible Spectroscopy: The quantitative examination of contaminants in APIs
that absorb light in the UV-visible region is done using spectroscopy. It may offer quick and

affordable impurity analysis and is frequently used for chromophore impurity analysis.

Thin Layer Chromatography: This is a straightforward and reasonably priced

chromatographic method for testing contaminants in APIs qualitatively.

These is often used for preliminary screening of impurities before more sophisticated

analytical methods are employed.!*®!

Titration Methods: Various titration methods, such as acid-base titrations, are used for the
quantification of impurities in APIs. These methods rely on the reaction between the impurity

and a titrant, allowing for the determination of impurity concentrations.*
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Method of purification for API

To produce high-quality medicines, reaction by-products like metals and color bodies must
be eliminated from processes that synthesize the API through a sequence of chemical reaction
stages. The procedures that are most frequently recommended for getting rid of residual metal
catalysts include distillation, crystallization, and precipitation. Precipitation and
crystallization techniques result in solid material that may be physically removed by selecting
a filter step, whereas distillation processes collect the pure APl and leave behind the non-
volatile components in the residue. Moreover, chromatography and activated carbon powder
treatments employ charge and adsorptive methods to eliminate contaminants.?%

Reaction by-products, such metals and color bodies, must be removed from processes that
synthesize the API through a sequence of chemical reaction steps in order to generate high-
quality medications. The best methods for getting rid of residual metal catalysts include
distillation, crystallization, and precipitation. Precipitation and crystallization techniques
result in solid material that may be physically removed by selecting a filter step, whereas
distillation processes collect the pure APl and leave behind the non-volatile components in
the residue. Moreover, chromatography and activated carbon powder treatments use charge

and adsorptive methods to eliminate contaminant.!?*!

Three main areas of focus are downstream processing, host cell impurity removal during
clarity, and API bioprocessing. The requirement for expensive chromatography columns
should decrease when charged membranes are used as encapsulated capsules.

The utilization of single-use systems in bioprocessing process stages is usually not hindered
by chemical compatibility issues, as seen in synthetic APl procedures. However, alkali-
resistant capsules are required in the manufacturing of bioprocessing if caustic solutions are

used for confirmed dehydrogenation procedures.

Bioprocessing companies are achieving higher titres for their target API proteins, which are
usually fragments of monoclonal antibodies. This has the consequence of enabling the
production of the required amounts of product for clinical trials to be conducted using smaller
bioreactors with less demanding facility design constraints. Because of these reduced
throughput requirements, single-use technology for the bioreactor and purification process

has become more popular.??
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Crystallization: Crystallization is a popular technique for API purification. In order to create
pure crystals, it entails dissolving the crude API in an appropriate solvent and letting it gently
cool or evaporate. Impurities are often excluded from the crystal lattice, resulting in purified
API crystals.

Chromatography: APIs are separated and purified from contaminants using techniques such
as including flash chromatography and High-Performance Liquid Chromatography (HPLC).
In contrast to flash chromatography, which uses a column packed with a stationary phase and
a solvent as the mobile phase, HPLC separates substances based on their differential
association with a stationary phase and a mobile phase.*!

Distillation: Distillation is utilized to purify APIs by separating them from impurities based
on differences in boiling points. This method is particularly useful for purifying volatile APIs

or removing volatile impurities.

Filtration: Filtration methods include filtration by vacuum filtration, gravity, and membrane
analyzing are used to extract particle matter or solid contaminants from liquid API

suspensions or solutions.

Extraction: Liquid-liquid extraction is utilized to purify APIs by transferring them from one
solvent phase to another. This method exploits differences in solubility to selectively extract

APIs from impurities present in the solution.

Precipitation: Precipitation involves the addition of a precipitating agent to induce the
formation of insoluble impurities, which can then be separated from the API solution by

filtration or centrifugation.

Recrystallization: Recrystallization is a purification technique where a saturated solution of
the API in a suitable solvent is allowed to cool slowly, resulting in the formation of pure
crystals. This method is often used to remove impurities that are less soluble than the API in

the chosen solvent?4

Sublimation: Processes known as sublimation and desublimation are used on materials that
have a tendency to break down or polymerize when heated above their melting point.
Through the addition of thermal energy, a product can be moved straight from its solid state

into its gaseous state without going through a liquid phase. We refer to this reversing process
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as de-sublimation. Purification of active pharmaceutical ingredients (APIs) or
pharmacological compounds is the most popular use of sublimation and desublimation. Since
volatile APIs, complex APIs, and medicinal substances sublimate during heating while
nonvolatile impurities do not sublimation is typically employed to separate volatile organic
compounds from nonvolatile impurities

Regulatory guidelines for impurities

Q1 RECOMMENDATION IS FOR STABILITY

Q1A (R2): Stability Examination of Novel Medicinal Ingredients and Items

Q1B: Examining Photostability of Novel Drug Substances and Items

QL1C: Testing for Stability of Novel Dosage Forms:

Q1D: Matrixing and Bracketing Designs for New Drug Substance and Product Stability
Testing

QL1E: Assessment of Stability Information

Q1F: Stability Data Package for Climatic Zones 11 and IV Registration Applications.[?®2"!
FOR ANALYTICAL VALIDATION, THE Q2 GUIDELINE

Q2 (R1): Analytical Procedure Validation (Text and Methodology)

IMPURITIES ARE THE GOALS OF Q3.

Q3A (R2): Contaminants in Novel Medicinal Ingredients

Q3B (R2): Contaminants in Novel Pharmaceuticals

Q3C (R4): Impurities: Residual Solvent Guidelines.[?8!

Extraction method for impurities control in API
One common extraction method used for impurity control in Active Pharmaceutical

Ingredients is liquid-liquid extraction (LLE). Here’s how it works

1. Principle: Liquid-liquid extraction exploits differences in solubility between the API and
impurities in two immiscible liquid phases. By selectively partitioning the APl and impurities

between these phases, impurities can be effectively separated from the API.

!

2. Selection of Solvents: Choose two immiscible solvents, typically one polar and one non-

polar, that have different affinities for the API and impurities. Common solvent pairs include

water and organic solvents like ether, chloroform, or dichloromethane.

!
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3. Extraction Process: Mix the API solution containing impurities with the selected solvent in
a separating funnel. Shake or agitate the mixture to facilitate the transfer of the API and
impurities between the two solvent phases. Allow the phases to separate based on their
densities, forming distinct layers. Collect the organic (non-polar) phase containing the
impurities, leaving behind the aqueous (polar) phase containing the purified API. Optionally,

repeat the extraction process to further purify the API or remove additional impurities.

l

4. Washing and Drying: After extraction, wash the organic phase with a suitable solvent to
remove any remaining traces of impurities or water. Then, dry the organic phase using an

appropriate drying agent to remove any residual moisture

!

5. Concentration and Recovery: Concentrate the purified APl by evaporating the solvent
under reduced pressure or using other suitable techniques. Recover the API in its desired

form, such as a solid or liquid, ready for further processing or analysis.

!

6. Validation and Control: Validate the extraction method to ensure its effectiveness in
removing impurities and preserving the quality of the API. Monitor process parameters such

as solvent ratio, extraction time, and agitation speed to maintain consistency and control

impurity levelst®!

Liquid-solid extraction: a common method used for impurity control in API research. Here’s

how it works

1. Principle: Liquid-solid extraction involves the transfer of target compounds (the API) and
impurities from a liquid phase to a solid phase. The solid phase acts as an adsorbent,
selectively retaining the target compounds while allowing impurities to remain in the liquid
phase.

|

2. Selection of Solid Adsorbent: Choose a solid adsorbent material that exhibits affinity for
the APl while excluding impurities Activated carbon, silica gel, alumina, and different resins
are a few common adsorbents.Preparations of Sample: Prepare the sample containing the API
and impurities by dissolving it in a suitable solvent. The sample is then mixed with the solid

adsorbent material.

!

3. Adsorption: Allow the mixture of sample and solid adsorbent to equilibrate, facilitating the
adsorption of the API onto the surface of the solid phase. Impurities remain in the liquid

phase.
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4. Separation Use centrifugation or filtration to eliminate the solid adsorbent material in the
liquid phase.The solid phase containing the adsorbed API is retained, while the liquid phase

containing impurities is discarded.

!

5. Washing: Wash the solid adsorbent material with one or more solvents to remove any

remaining impurities or contaminants that may be adsorbed non-specifically "

!

6. Elution: Elute the API from the solid adsorbent material using a suitable solvent or solvent
mixture that disrupts the interactions between the API and the adsorbent. The eluted API is

collected in a clean vessel.

!

7. Concentration and Recovery: Concentrate the eluted API by evaporating the solvent under
reduced pressure or using other suitable techniques. Recover the purified API in its desired
form, such as a solid or liquid, ready for further processing or analysis.

l

8. \alidation and Control: Validate the liquid-solid extraction method to ensure its
effectiveness in purifying the APl and removing impurities. Optimize parameters such as
solvent composition, adsorbent material, adsorption time, washing conditions, and elution
protocol to achieve the desired purification level. Monitor the process to maintain consistency

and control impurity levels®

Soxhlet extraction method is commonly used for impurity control in API research,

especially when dealing with solid samples. Here’s how it works

1. Principle: The Soxhlet extraction method involves continuous extraction and refluxing of a
solvent through a solid sample to remove target compounds (the API) and impurities. It
operates on the principle of solubility and differential partitioning of compounds between the

sample and the solvent.

!

2. Setup: The setup consists of a Soxhlet extractor, a round-bottom flask containing the
solvent, a condenser, and a collection flask. The solid sample is placed in a porous thimble

inside the Soxhlet extractor.

!

3. Heating and Refluxing: The solvent in the round-bottom flask is heated to its boiling point,
causing it to vaporize and rise through the Soxhlet extractor. As the solvent vapor contacts the

solid sample, it dissolves the target compounds and impurities. The dissolved compounds are
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carried upward with the solvent vapor.

!

4. Condensation and Collection: As the solvent vapor reaches the condenser, it condenses
back into liquid form due to cooling. The condensed solvent then drips back into the Soxhlet

extractor, continuously rinsing the solid sample

!

5. Extraction Cycle: In the Soxhlet extractor, the solvent progressively builds up until it
reaches a certain level. At this point, the solvent and dissolved compounds are siphoned off
into the round-bottom flask by gravity, completing one extraction cycle. The process repeats

automatically until the desired level of extraction is achieved.

!

6. Purification and Concentration: The collected solvent containing the dissolved API and
impurities is then subjected to further purification steps, such as filtration, evaporation, or
chromatography, to separate and concentrate the APl from impurities.

!

7. Validation and Control: Validate the Soxhlet extraction method to ensure its effectiveness
in purifying the API and removing impurities. To reach the appropriate degree of purification,
adjust variables including sample-to-solvent ratio, temperature, extraction duration, and

solvent choice. Monitor the process to maintain consistency and control impurity levels

Extraction method for purification control in API

Membrane-based separation

This technique are commonly used for purification control in Active Pharmaceutical
Ingredients (APIs). Here are some of the main membrane-based separation methods.

1. Ultrafiltration (UF)
Principle: Ultrafiltration uses semi-permeable membranes with pore sizes typically ranging

from 1 to 100 nm to separate components based on size.

Application: UF is often used to remove macromolecules, colloids, and particulate matter

from API solutions. It can also be employed for concentrating and desalting solutions.

2. Microfiltration (MF)
Principle: Microfiltration utilizes membranes with larger pore sizes compared to UF, typically

ranging from 0.1 to 10 mm. It separates particles based on size.
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Application: MF is commonly used for the removal of bacteria, yeast, and other

microorganisms from API solutions. It can also be used for clarification and pre-filtration.

3. Nanofiltration (NF)

Principle: Nanofiltration membranes have smaller pore sizes than UF but larger than reverse
osmosis membranes, typically ranging from 1 to 10 nm. NF separates components based on
size and charge.

Application: NF is employed for the removal of small organic molecules, ions, and certain

contaminants from API solutions. It can be used for purification and concentration*!

4. Reverse Osmosis (RO)
Principle: Reverse osmosis utilizes membranes with very small pore sizes, typically less than

1 nm to separate solutes from solvents based on their size and charge.

Application: RO is used for the removal of ions, salts, and other dissolved impurities from

API solutions. It is commonly employed for water purification and concentration ™

5. Membrane Chromatography: Principle: Membrane chromatography employs
membranes functionalized with ligands or affinity groups that selectively interact with target

molecules based on specific binding interactions.

ApplicationProteins, peptides, and different biomolecules in API solutions can be purified
using membrane chromatography.It offers advantages such as high binding capacity, rapid
kinetics, and scalability™®

Solvent of extraction

1. Principle: Liquid-liquid extraction exploits differences in solubility between the API and
impurities in two immiscible liquid phases. By selectively partitioning the API and
impurities between these phases, impurities can be effectively separated from the API.

2. Selection of Solvent Systems: Choose two immiscible solvents, typically one polar and
one non-polar, that have different affinities for the APl and impurities. Common solvent
pairs include water and organic solvents like ether, chloroform, or dichloromethane.

3. Extraction Process: Mix the API solution containing impurities with the selected solvents
in a separating funnel or extraction vessel. Shake or agitate the mixture to facilitate the

transfer of the API and impurities between the two solvent phases. Allow the phases to
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separate based on their densities, forming distinct layers. Collect the organic (non-polar)
phase containing the impurities, leaving behind the aqueous (polar) phase containing the
purified API. Optionally, repeat the extraction process to further purify the API or remove
additional impurities™”

4. Washing and Drying: After extraction, wash the organic phase with a suitable solvent to
remove any remaining traces of impurities or water. Then, dry the organic phase using an
appropriate drying agent to remove any residual moisture.

5. Concentration and Recovery: Concentrate the purified APl by evaporating the solvent
under reduced pressure or using other suitable techniques. Recover the API in its desired
form, such as a solid or liquid, ready for further processing or analysis.

6. Validation and Control: Validate the extraction method to ensure its effectiveness in
removing impurities and preserving the quality of the API. Monitor process parameters
such as solvent ratio, extraction time, and agitation speed to maintain consistency and
control impurity levels.!

Chromatography is a widely used method for purification control in API research. Here’s

how chromatography works for purification control.

1. Principle: Chromatography separates components in a mixture based on their differential
interactions with a stationary phase and a mobile phase. The sample mixture is passed
through a chromatographic column, where the components are selectively retained and
eluted at different rates.”

2. Selection of Chromatographic Technique

a) Flash Chromatography: Used for rapid purification of APIs on a medium to large scale. It
employs a column packed with a stationary phase (e.g., silica gel) and a mobile phase
(solvent or solvent mixture).

b) Preparative High-Performance Liquid Chromatography (Prep-HPLC): Suitable for high-
resolution purification of APIs. It utilizes a column packed with a stationary phase (e.g.,
silica-based material) and a high-pressure pump to deliver the mobile phase.

¢) Thin-Layer Chromatography (TLC): used for small-scale purification and rapid
qualitative analysis. The sample combination is applied to a thin layer of stationary phase
on a plate, and a solvent system is used to develop it.

3. Sample Loading: The sample mixture containing the APl and impurities is loaded onto

the chromatographic column or plate.
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4. Separation: As the mobile phase is passed through the chromatographic column or over
the stationary phase, the components in the sample mixture interact differently with the
stationary phase based on factors such as polarity, size, and charge. This results in
differential retention and separation of the components."!

5. Elution: The components are eluted from the chromatographic column or plate by varying
the composition or gradient of the mobile phase. The API and impurities are eluted at
different times or under different conditions, allowing for their separation.

6. Collection and Fractionation: Fractions containing the purified APl and impurities are
collected separately as they elute from the chromatographic system.

7. Analysis and Validation: Analyse the collected fractions using analytical techniques such
as spectroscopy, mass spectrometry, or chromatography to assess purity and identify the
API peak. Validate the chromatographic method to ensure its effectiveness in purifying

the API and removing impurities.[*"

CONCLUSION

This article provides important information regarding Impurities and purification
classification, their method, extraction methods and their regulatory guidelines. Impurities
and purification control are critical aspects of API research to ensure the safety, efficacy, and
quality of pharmaceutical products. Through various extraction, chromatographic, and
membrane-based separation techniques, researchers can effectively remove impurities and
purify APIs to meet regulatory standards and industry requirements. The type of the
contaminants, the API's physicochemical characteristics, and the required purity level are
some of the variables that must be taken into consideration while choosing the best
purification techniques. Validation of purification methods is essential to ensure their
reliability and reproducibility. Additionally, continuous monitoring and optimization of
purification processes are necessary to maintain consistency and control impurity levels
throughout API research and development. By implementing robust impurity control and
purification strategies, researchers can produce high-quality APIs with minimal impurities

ultimately contributing.
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