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Synthetic oligonucleotides are widely used in research and genetic testing. This class of short nucleic
acid polymers includes small interfering RNA, antisense oligonucleotides, aptamers, and CRISPR
guides. The popularity of these macromolecules means that there is a growing need for robust
analytical methods and easy-to-use data analysis workflows to characterize them. Common attributes
of interest include the mass, sequence, purity, and relative quantity of specific impurities. In addition,
the raw material (or starting material) and final product identification, (trace) elemental impurities
analysis, and residual solvent analysis are equally important in sample validation and quality control
(QC) under FDA guidelines.

Raw material identification by Raman, FTIR, and LC/UV analysis (warehouse or lab-based solution)

Raw material or starting material identification is a
critical quality assurance or safety control analysis that
is widely performed in many applications, especially for
pharmaceutical drug products. Confirming the identity of
received starting materials helps to establish quality as
well as prevent contaminated, counterfeit, and incorrectly
labeled materials before proceeding into production.

Agilent has developed several workflow solutions for raw
material identification (Figure 1). They are: 1) a warehouse-
based solution using the Agilent Vaya Raman raw material
identity verification system; and 2) lab-based solutions
using either the Agilent Cary 630 FTIR or the Agilent 1290

Infinity Il Bio LC.

Vaya, a handheld Raman spectrometer, is an effective
solution for the identification or differentiation of
biopharmaceutical materials (such as phosphoramidites
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used in the synthesis of oligonucleotides) through
transparent and opaque containers in a cGMP
manufacturing environment.

FTIR is also widely used for material identification
studies. The Cary 630 FTIR spectrometer, along with
Agilent MicrolLab software, can be used to perform quick,
easy, and reliable raw material identification of different
sample types. The optional MicroLab Pharma software
provides secure data storage and user/access privilege
management for users operating in GMP environments.
Agilent has also developed an HPLC-based workflow
solution utilizing the 1290 Infinity Il Bio LC and Agilent
OpenlLab ChemStation software for excellent sample
separation and sensitive detection for raw or starting
material identification.
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2 Workflow 1: Raw material ID: warehouse-based (Raman spectroscopy) or lab-based (FTIR or HPLC) solutions.



Finished product identification by UV-Vis analysis (with the Cary 3500 UV-Vis)

UV-Vis spectrophotometers have been used extensively
for nucleic acid quantification and QC. The concentration
of nucleic acids can be easily estimated by measuring the
UV absorbance at 260 nm and the established absorption
coefficient. UV-Vis spectrophotometry is also used to
measure the melting temperature (Tm) of double-stranded
nucleic acids, which gives an accurate indication of the
base composition in the sample.

The Agilent Cary 3500 Multizone UV-Vis
spectrophotometer uses integrated in-cuvette temperature
probes to accurately control the temperature of the
solutions during thermal melt experiments at a very fast
temperature ramp rate. The Agilent Cary UV Workstation
software includes built-in capabilities for DNA melting
temperature calculations (smoothing and derivative) that
quickly provide actionable results (Figure 2).
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Workflow 2: Fnished product Identification by UV-Vis analysis (with the Agilent Cary 3500 UV-Vis).

Trace elemental impurity analysis by ICP-MS

Trace elemental impurities in pharmaceutical drug
products may be toxic, affect drug stability or shelf life,
and may cause unwanted side effects. Therefore, the
current USP and ICH chapters require more elements to be
monitored at lower levels than previously, and recommend
modern instrumental analytical procedures to determine
the concentration of elemental impurities. Manufacturers
must be able to demonstrate that their biological drugs
comply with the limits for the listed elements in their final
drug formulation.

Figure 3 presents an Agilent workflow for trace elemental
impurity analysis by ICP-MS. The Agilent 7850 ICP-MS
proved to be ideal for the determination of trace elemental
impurities in pharmaceutical ingredients. The 7850 ICP-MS
produced excellent results in terms of sensitivity, stability,
robustness, recovery, and detection limits for all the
required elements.
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Workflow 3: Trace elemental impurity analysis by ICP-MS.

7850 ICP-MS
Option: 7900 ICP-ME

Pre-set methods Calibrate

ICP-MS MassHunter Software



Residual solvent analysis by GC or GC/MS

Similarly, residual solvents in pharmaceutical drug (GC/MS). No matter what kind of residual solvent analysis
products do not enhance the product’s efficacy and (routine, high-throughput, or unknown) you are working
must be removed as much as possible to meet product on, the Agilent 8890 GC system, equipped with an
specification and good manufacturing practices. Agilent 8697 headspace sampler and inert tee, provides

an excellent method for separating, identifying, and
quantifying all the relevant residual solvents outlined by
USP <467>.

Agilent offers the most comprehensive portfolio of flexible
and reliable solutions for residual solvent analysis by gas
chromatography (GC) or GC and mass spectrometry
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Workflow 4: Illustrates an Agilent workflow for residual solvent analysis by GC or GC/MS.
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Workflow 1

Raw/starting material identification by Raman, FTIR and LC/UV analysis (Warehouse and lab-based solutions)

Bundle Vaya (Warehouse based) FTIR (Lab-based) LC/UV (Lab-based)
Cary 630 FTIR
Spectrometer 1290 Infinity 1l Bio LC
Vaya G8043AA or G7131A or G7132A, G7137A,
Instrument (G6915A) G8044AA (with PC) and G7116B, G7114B (VWD) or
Recommended: G7117B (DAD)
#200 and #320
PIKE-162-5450
. OpenLab ChemStation
= MicroLab —
S— X —_— M83071AA
MicrolLa g
Vaya Pl
Software zt Pharma e = MB8510AA (Instrument
software Software | = Driver for Agilent LC)
GA9BAAA " M8360AA-3D UV (PDA)
Add-on (optional)
Workflow 2
Finished product identification by UV-Vis (Cary 3500) analysis
Bundle UV-Vis
e S ’i Cary 3500 Multicell UV-Vis Spectrophotometer
Instrument ‘. GO874A with GI874A#001
| Option: G9874A #002: Purge kit
, Cary UV Workstation Software
E==
e Fa— G5194AA: Cary UV Workstation Plus
& Ee— or
Software G5195AA: Cary UV Workstation Plus with PC
- or
— G6894AA: Cary UV Networked Workstation SW without PC
— or

G6896AA: Cary UV Networked Workstation SW with PC
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Workflow 3

Trace elemental impurity analysis by ICP-MS

Bundle ICP-MS
H
nrﬁj == =
Sample s Agilent Integrated Autosampler (I-AS) B w SPs4
prep r (G3160C) ‘ Autosampler
pulud | (G8415A)
| i i
"~ -
Standard USP standard (ICH Q3D and USP 232) solutions kit (5190-9771)
andar

(5 standards: 5190-9766, 5190-9767, 5190-9768, 5190-9769, 5190-9770)

7850 ICP-MS (G8422AA)
Instrument Option: 7900 ICP-MS (G8403AA)

Agilent ICP-MS MassHunter Software

Software

G7201D

Workflow 4A, 4B, 4C
Residual solvent analysis by GC or GC/MS

Bundle 4A - GC (Routine) 4B - GC (HT Analysis) 4C - GC/MS (Unknown)
USP 467 Class 1: p/n 5190-0490
Calibrate USP 467 Class 2A: p/n 5190-0492
USP 467 Class 2C: p/n 5190-0493
GC Headspace injection: Agilent DB-624 60 m x 0.25 mm, 1.4 um (p/n: 122-1364)
column Liquid injection: Agilent DB-wax Ul 30 m x 0.25 mm, 0.25 pm (p/n: 122-7032UI)
8697HS/8890GC/
: illz.’ 8697 Headspace 5977C GC/MSD
i I = Sampler/8890 GC \\ T_! 8697-XL Tray (G4512A) 8697HS (G4511A)
i = system E ( Intuvo 9000 GC (G3950A) F 8890GC (G3540A)
Il 8697HS (G4511A) |~ Option: 8390 GC (G35404) Option: 8697-XL Tray
8890GC (G3540A) (G4512A)/8890GC/5977C MSD
Option: 8860GC (G2790A) 5977C GC/MSD Inert Plus system
(G7077CA)
- B OpenLab CDS Workstation Plus (M8410AA)
Software Or: OpenLab CDS AIC (M8420AA)

~ OpenLab CDS Instrument Connection (M8431AA)
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