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Pharmaceutical Raw Materials Identity Verification:
Meeting the Challenges of 100Bésting with Handheld NIR

By Dr Heather Murray, Analytik Ltd

Introduction

As the pharmaceutical industry moves
towards 100% inspection of incoming raw
materials it will not be cost effective to sub-
sample all containers of raw materials and
send them for laboratory analysis.

NIR spectroscopy has long been promoted as
the technique of choice to replace wet
chemical methods for identity testing, and
although NIR is now a widely utilised method
for identity testing within the industry,

simply replacing single or multiple UV-Vis, IR

or GC analyses with a faster but ultimately
WYi-d ddzy RQ bLw &LISOGNER
100% testing to take place any more

efficiently.

Understanding operational inefficiency

Pharmaceutical Manufacturing is one of the
most highly regulated industries and it goes
to great lengths to control all aspects of
quality to protect public safety. The quality
of the final product is not in question, but
rather the inefficiency of the production
process, since historically, around 5-10% of
all production batches require re-work or
disposal.

To meet the stringent standards required for raw materials analysis all untested material should be kept
quarantined until qualified and only then released into production. This necessitates extensive container
handling as materials are transported from loading docks to receiving areas, warehouses, isolation rooms and
guarantine storage C all dead time, highlighting the inefficiencies of the process.

Material specific SOPs are used for sub-sampling from containers before these samples are sent to the
laboratory for analysis. During this lengthy process it is, of course, necessary to track these containers
carefully as they move from area to area to minimise any risks of mis-labelling. Once the sample arrives in
the lab, it joins the queue waiting for analysis which can take only a short time if spectroscopic methods with
minimal sample preparation are employed. Nonetheless, the most efficient production facilities could simply
grind to a halt waiting on the backlog of quarantined materials if every container required sub-sampling and
then individual analysis in the laboratory.
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Streamlining productivity

To make 100% testing of incoming materials efficient the bulk of in-coming containers would have to be tested
as they are received, creating the need for a rugged, handheld solution for warehouse deployment. In
addition, the technique employed must be applicable to an extensive range of incoming materials including
actives as well as excipients, and liquids as well as solids.

NIR spectroscopy can be used for materials qualification for the vast majority of incoming materials with the
exception of some simple salts and other inorganics. Unlike Raman, NIR does not suffer interference from
fluorescence, which may cause extended scan times or indeed mean the sample material cannot be analysed.
NIR is also suitable for analysing materials with significant moisture content which may not be possible by IR or
Raman. The moisture content of a material has important cost per weight implications. It can also have an
effect on processability with crumbling tablets as the end product and/or active content degradation on
storage; both potentially critical to product efficacy.

Some pre-processed NIR spectra of samples of a lactose/corn starch blend with moisture content variation of
3-20% are shown in Figure 1 below. PLS methods using cross-validation and independent validation gave
correlations (Rz) of 0.999 and 0.997 respectively with root-mean square errors of 0.17% and 0.28% moisture,
comparable with the reference method.
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Fig.1: Preprocessed NIR spectra of lactosefcetarch blend (20% moisture)

Increasing quality and efficiency

The introduction of PAT within pharmaceutical production, whereby processes should be closely monitored
continuously with less reliance on end-product testing, leads naturally to investigating if techniques used for
routine identification can also give information on the quality of the material.

There are a number of spectroscopic techniques which can offer rapid analysis of excipient and active
materials typically found in pharmaceutical manufacturing including IR, Raman and NIR. All are well accepted
for identity testing, although IR and Raman are potentially less attractive as PAT tools as their sampling
methods often destroy information on physical properties or indeed in the case of Raman, spectral data is
unaffected by changing physical properties.

Critical physical parameters affecting processability or final product performance can be rapidly and accurately
assessed using NIR including crystalline form, density, and average particle size among others. An example of
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NIR predicting average particle size is shown below in Figure 2. By monitoring critical process parameters such
as particle size; reaction rates can be better controlled and required heat inputs calculated more accurately. At
the tabletting stage problems with flowability and compressibility are reduced resulting in the correct tablet
hardness ¢ first time.

698457

100 micron

50 micron

111517
1595.724 2396.312

Log 1/R vs WL (nm)

Fig.2: NIR used to determine average particle size of Micro Crystalline Celluloses

Therefore, NIR can be an effective PAT tool, used to predict both chemical and physical attributes affecting
subsequent processing, providing true material conformity rather than a simple identity.

Defining portability for 100% testing

As stated earlier there are three common spectroscopic techniques which can offer rapid analysis of a large
number of excipient and active materials. All are well accepted and work exceptionally well in the laboratory
controlled environment, however there are special considerations for instrumentation when used in a
warehouse.

Analyserrequiremerts:

e Accurate and reliable
e Robust and easy to use
e  Easy to operate, ergonomic, lightweight
e Simple sampling
e Unambiguous; a clear Pass/Fail result reported
e  Fast analysis
e Battery powered
e Routine system suitability testing
e Useable through packaging (analysis takes place without the need for removing a sub-sample)
- no need for containment during analysis
- aseptic
- avoids operator exposure
- material stability uncompromised
- eliminates waste
- reduces errors and risk of cross contamination
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Regulatory Compliance requiremts

e |Installation, operational and performance qualification (1Q, OQ and PQ) procedures should be
implemented using the standards specified by USP 1119, and include traceable standards

e 21 CFR part 11 compliance providing logins, passwords, electronic records of results, spectra,
electronic signatures and integration into LIMS systems to satisfy electronic records requirements
Spectroscopic techniques comparison

Instruments based on IR, Raman and NIR have great potential to increase efficiency and reduce waste when
used appropriately. Figure 3 and Figure 4 show a summary of the techniques:

Mid-infrared Near Infrared Raman
Deployment Laboratory Laboratory for bench-top Laboratory for bench-top
instruments and warehouse  instruments and warehouse
for handheld analysers for handheld analysers

Special safety protocols
must be enforced for laser

radiation
Sampling Preparation required; mulls, No preparation required; No preparation required;
disks or via ATR accessory Routinely through polymer Routinely through polymer
packaging or glass vials packaging or glass vials

Unsuitable for
heterogeneous samples

Interference Water swamps useful data Fluorescence causes long
Physical properties analysis times, or no result
destroyed by sample obtained

preparation

Fig. 3: Technique comparison table

Mid-infrared Near Infrared Raman

ID verification Yes Yes Yes
Quantitative analysis Yes Yes No
Moisture content No Yes No
Conformit

. y No Yes No
(physical parameters)
Fig. 4 Technique Suitadlity Matrix
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Introducing the PHAZIR Rx

The advent of MEMS (Micro-electromechanical
Systems) has enabled the construction of
inexpensive, rugged, high precision,
low power miniaturised NIR

devices. Using MEMS a

diffraction grating can

be created with electrically

movable elements to filter light

in specific spectral regions on the fly.

A MEMS based spectrometer schematic is shown in
Figure 5 below, the spectrum collected from a sample is

dispersed across the diffractive MEMS chip, the chip is then

controlled to block light in specific regions of the spectrum while
reflecting others and maintaining high throughput. The reflected light is
then collected and recombined (using a regular fixed grating) onto a single
photo-detector. Therefore, a full spectrum measurement is possible through
an encoding scheme for the chip, replacing an array of detectors with a single
detector.

Sample Light Source

Fixed
.. Grating

1

Single Detector%

Fig. 5 hematic of MEM®asedspectrometer

NIR advantages

NIR spectroscopy has gained wide acceptance in the Pharmaceutical industry, and the interest is continuing to
grow as a result of its major advantages over other analytical techniques, these include:

e  Fast accurate analysis (3-5 secs)

e Easyto operate

e No sample preparation - non destructive

e Through the packaging measurement

e  Multi-component quantitative as well as qualitative analysis
e Safe, inexpensive light source

e No fluorescence interference
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Further to this, there are a number of additional advantages in MEMS based NIR, these include:

- Reliability
Having no moving parts (See Figure 6), the devices are extremely reliable under even the harshest conditions,
and are tolerant to shock and vibration.

- Quality

Real time adjustment to ambient light conditions and
simultaneous modulation of all wavelengths results in high
quality data.

- Simple calibration transfer

Novel fabrication techniques yield high device-to-device
reproducibility, digital tuning provides direct methods
transfer and single element detectors avoid calibration
transference problems common in multi-element array
based analysers.

Fig. 6 Exploded view of PHAZRR
Managing NIR method development

Many instrument vendors now offer method generation software to simplify calibration development. In the
past, inexperienced users have tended to over-fit chemometric models which have broken down with time.

However, simple to use method generation software (see Figure 7) is available to produce robust models,
which by their nature, transfer automatically between instruments as described above. Data import and pre-
treatment is simple, classification techniques can be evaluated side by side, with thresholds determined
automatically, method validation is automatic. Secure encrypted format libraries are then ready for use on
multiple analysers without the need for any calibration transfer protocols, ready for qualification.
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Fig. 7 Screenshot of Method Generatdsoftware and image of PHAZRRLCD screen
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Maximising the benefits of NIR in the pharmaceutical industry

The benefits of using handheld NIR analysers within the pharmaceutical industry can be found from early drug
discovery, to post-production degradation analysis and anti-counterfeiting. A summary is shown in Figure 8:

Location Application
Drug Discovery Compound library stability testing
Clinical trial Spot verification of placebo and active doses

100% verification of raw materials
Receiving warehouse Detection of common contaminants
Moisture content (see Figure 1)

Dispensing 100% final verification of ingredients

Reaction completion
Moisture content

Solvent exchange monitoring
Blend uniformity

In process

Determination of ingredient ratios
Content uniformity

Tablet hardness

Thickness of tablet film coatings

Finished Product

Identity verification

Packagi
ackaging Determination of polymer thickness

Degradation of retained samples

Post-production . .
P Counterfeit product evaluation

Fig. 8 PhazIR Rx pharmaceutical application table

Conclusion

To maximise the benefits from 100% inspection of incoming raw materials, a conformity check should be
carried out rather than a simple identity verification. By providing information on both the chemical content
and physical structure of a material, NIR offers much more than an identity confirmation, it is not only a
direct replacement of ID techniques already in use - it can be used to predict how a material will ultimately
process. An in-or-out of specification result for a material analysed by NIR can depend on many parameters
such as moisture content, crystallinity, compressibility, density, average particle size and contamination level
Fa ¢Stf a aayLXe oe& WARSyilGAGeQo

Furthermore, it is only by taking the analyser into the warehouse and making it fast and easy to use that
allows 100% testing to take place efficiently. Sub-sampling for analysis in the laboratory is neither practical
nor cost-effective. The PHAZIR Rx is ideally placed as a routine tool for conformity checking for the vast
majority of excipients and API materials.

With handheld NIR - 100 % testing is achievable.

To learn more about the Polychromix PHAZIR Rx and other portable / handheld NIR spectroscopy solutions
please visit www.analytik.co.uk (UK and Ireland) or alternatively visit www.polychromix.com.
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