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Analysis Method.....HPLC/UV
Column................. Betasil Phenyl 4.6 x 150 mm
Mobile Phase......... Acetonitrile::0.01M Phosphate Butfer (60::40)
HISTORY @ RESULTS @ Flow R ... 0.8 ml/mir
Solution standards used for over 30 years Diazepam Wavelength ........... 230 nm
in other industries. - . .
Analysis Method.....HPLC/UV Calibration Curve ...Linear Regression
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Nature of compound Cl
* Some compounds are more stable as salt versus free base Q SI - 1OB RPA —— FRNEW —
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rapidly in methanol Stability Lot | 27120-15C 10 / 2000 1 Morphine
— Oxazepam decomposes over time in methanol Analysis Method ....HPLC/UV
Handling/Preparation Conditions Column................. Betasil Phenyl 4.6 x 150 mm
* Air, moisture and light can affect stability Mobile Phase......... Acetonitrile::0.01M Phosphate Butfer (80:20)
~ LD is light sensitive RESULTS @ Flow Rate .............. 1.2 mL/min
Temperature Fentanyl Wavelength ........... 285 nm
Storage/Containment Analysis Method. ... HPLC/UV Calibration Curve ...Linear Regression
* Need for continual protection from light, air, and moisture Column ... Betasil Phenyl 4.6 x 150 mm Number of Points....4
» Storage under argon Mobile Phase......... Acetonitrile::0.02M Ammonium Acetate Linearity (r): ........... 0.999 , o
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* Prevent bulk contamination by aliquotting ol
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were selected for evaluation.
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ACCEPTANCE CRITERIA
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Abstract

The certification of a secondary pharmaceutical
reference standard to multiple compendial standards in
the ISO 17025/1SO Guide 34 environment offers end
users unique strengths in quality assurance; it also

allows for traceability to the multiple compendial

standards through a single standard. Further, unlike

compendial standards, a secondary pharmaceutical

reference prepared in compliance with ISO 17025/ISO

Guide 34 must have its uncertainty value determined,

allowing the laboratory to better monitor performance T
over time. Uncertainty values are key elements in EP

Ibuprofen IR Comparison

establishing effective quality assurance programs and
are a required element in the preparation of
Certificates of Analysis according to ISO 17025.
Through the proper use of secondary pharmaceutical
reference standards an ISO 17025 accredited
laboratory user is able to evaluate a compendial
standard’s performance and quality, data that is not
readily available for compendial standards.
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RTP Lot 500004
. " . . Instrument: Perkin Elmer Spectrum 100 FT-IR Spectrometer
Data is presented regarding the qualification and = Batch n 4 Samping accessary: Unversal AT Samping Accessory
certification of RTC’s Ibuprofen PRS™, a commercially BP Batch 2749

available secondary pharmaceutical reference standard
that is certified to compendial standards offered by the
United States Pharmacopeia, European Pharmacopoeia,
and British Pharmacopoeia. This  secondary

Physical Data

| pharmaceutical ~ reference  standard has  been Melting Point Optical Rotation
manufactured and certified according to the relevant Specification: 75-78°C (EP) Specification: -0.05° to +0.05° (EP)
sections _of 1SO 17_025/150 (_3uide_ 34 for an inter- Mettler Toledo FP900 Perkin EImer Polarimeter 343
compendial comparison that identifies the European Thermosystem with FP81 Wavelength: 589 nm
Pharmacopoeia Ibuprofen compendial standard as Measuring Cell Concentration: 0.025 g/mL
having an assigned content value of 99.7% for the Mean of nine measurements Cell Path: 100 mm
identified batch®. =76.3°C Mean of three Measurements, I\

Specific Rotation = -0.0137 °©
Ultraviolet Absorption
Specification: Respective absorptivities at 264 nm and 273 nm do not differ by more than
| 3.0% (USP)
Shimadzu UV-2101PC UV-VIS Scanning Spectrophotometer
Path Length: 1 cm

B

Methods
Ibuprofen was sourced from a major supplier of fine
chemicals and APIs and dispensed into 1 gram aliquots

in glass vials. Samples were assayed against current Sample Conc. (0.1 N Wavelength Absorptivity % Difference
lots of USP, EP, and BP reference substances, using the NaOH

UspP Ibuprpfen monograph method. Betweep—bottle USP J1E043 248 pg/mL 264 nm 0.442 158 %
homogeneity was assessed in accordance with ISO

Guide 35. The results of the analysis were compared RTP P500004 254 pg/mL 264 nm 0.449

by Single Factor Analysis of Variance (ANOVA). Purity USP J1E043 248 ug/mL 273 nm 0.352 0.85 %
was determined by the Mass Balance method. Identity RTP P500004 254 pg/mL 273 nm 0.355

was established using compendial Identification Tests.

Formula: | Abysp — Abgrp | /ADysp X 100% = % Difference

Certified Reference Materials manufactured and
qualified under ISO Guide 34 and ISO 17025 require
the inclusion of an Uncertainty Statement. The
uncertainty values were calculated in accordance to the
definition of Standard Uncertainty. The stated
uncertainty values represent the combined Standard
Uncertainties corresponding to one standard deviation.
The components of Standard Uncertainty include the
uncertainties due to characterization, homogeneity,
long term stability, and short term stability (transport).
The components of stability are generally considered to
be negligible unless otherwise indicated by stability
studies.

TRACEABILITY ASSAY RESULTS

Specification: 97.0-103.0 % (anhydrous, USP/NF)
98.5-101.0 % (dried substance, EP)

Determination Method: HPLC (USP31/NF26: Ibuprofen
Instrument: HP 1050

Column: 250 x 4.6 mm Exsil ODS 5 pm

,{ Mobile Phase: Acetonitrile/Water/chloroacetic acid (600:400:4)
Flow Rate: 2 mL/min
Detector Wavelength: 254 nm

ASSAY vs. USP REFERENCE STANDARD

ASSAY VALUE Standard Uncertainty vs. USP LOT
Purity Determination by Mass Balance 99.7% 0.2% J1E043

Labeled Content = 0.999 mg/mg

Chromatographic Impurity Analysis TCI ASSAY vs. EP CRS

Determination Method : HPLC USP31/NF: Ibuprofen

Instrument: HP 1050 ASSAY VALUE Standard Uncertainty vs. EP BATCH
Column: 150 x 4 mm Exsil ODS 5 ym 99.8% 0.3% n°4

Labeled Content = None
Assigned Content = 99.7%*

Mobile Phase: Water/Acetonitrile (1340:680) pH 2.5
Flow Rate: 2 mL/min

Detector Wavelength: 214 nm

Total Detected Impurities: None Detected

ASSAY vs. BP CRS

ASSAY VALUE Standard Uncertainty vs. BP BATCH
Water Determination (H,0) 100.0% 0.2% 2749

Specification: Not more than 1.0 % (USP/NF) Labeled Content = 99.8%
Method: Karl Fisher titration

Mean of three samples, Water Content = 0.01 %

*ASSIGNED CONTENT OF EP CRS, BATCH n°4
The assigned content of the EP CRS was determined by assay against the USP Reference Standard
and the BP CRS

Assigned Content Standard Uncertainty
99.7% 2%

Loss on Drying/Volatiles (VOL
Specification: Maximum 0.5 % (EP)

Method: Dry in vacuo over P,0; 22 in.Hg/24 hours
Mean of three samples, Loss = 0.00 %

Resiaue Analysis (ROI)
Specification: Not more than 0.5% (USP/NF);
Maximum 0.1 % (EP)

Method: Sulfated Ash

Sample Size: ~ 1 g

Mean of three determinations: 0.02%

Conclusion
The manufacture and certification of a secondary pharmaceutical reference standard in an ISO
17025/ISO Guide 34 environment results in enhanced traceability to the compendial standards.
Data has been presented for the multi-compendial certification of a commercially available
secondary pharmaceutical reference (RTC's Ibuprofen PRS™). Through this certification process,
RTC assigned a content value of 99.7% to the European Pharmacopoeia Ibuprofen standard™.

CERTIFIED VALUE BY MASS BALANCE (100-
TCI-H,0-VOL-ROI)

The ISO 17025/ISO Guide 34 certification process requires the inclusion of uncertainty values.
Currently, there are no requirements or advice concerning the use of uncertainty values in the
qualification or analysis of pharmaceutical products from either the Pharmacopoeias or government
drug control agencies. As more ISO 17025/ISO Guide 34 certified reference materials become
commercially available, and pharmaceutical laboratories become ISO 17025 accredited, these
values will be important in quality assurance programs.

1000 % Standard Uncertainty = 0.1%

RTC's Ibuprofen PRS™ demonstrates that a commercially available secondary pharmaceutical
reference standard offers an alternative to internally produced in-house secondary standards by
enhancing quality through an ISO 17025/ISO Guide 34 certified reference material. The presented
standard further allows the user to have traceability to three pharmacopoeial compendial standards.

*The Reference Standards of the European Pharmacopoeia
are for the specified use described in the monograph. The
use of the standard beyond that limited scope is not

supported by the Pharmacopoeia




The most versatile automated powder dispensing

to achieve reliability and traceability

Pascal Desponds, Phil Griffiths, Eric Carlson. Symyx Technologies SA, Geneva, CH & Inc, Sunnyvale, CA.

%’*v‘ Symyx

Objective

Most labs in life , chemical, ifacturing, food and are facing the dispensing of powders in
formulation, development , preparation or repackaging as tedious, difficult, and potentially hazardous process. The use of
automation and workflow integration offers the ability to repeat rapidly the dispense of powders precisely and without
error. In the powder dispensing process, successful automation needs to demonstrate reliability and traceability, as
well as ease of use. We demonstrate automation solutions capable of dispensing of powders with unmatched
versatility to overcome wide range of powder types and receptacles.

Methods

The automated powder dispense solutions uses the Powdernium™ Technology, which controlled the powder dispensing
process. The workstation is comprised of flexible, modular hardware and software components. The hardware
components include powder dispense system, multiple powder hopper (head) sizes, many different rack to accommodate
any destination receptacles such as vials, bottles, tubes, reactor blocks, plates, robust XY and two Z-Axis robotic system.
The software components include self-regulating software, experiment design, hardware execution control, data
collection and data transfer to database.

Software Dispensing
Heads.

Balance

Hardware Components

Symyx Powdernium™ Technology

2 z-axis, one holding the MultiGrip™

3axis
Solid dosage system robot
Dispensing
heads
-
Racks for
Analytical balance receptacles

Software Components

The software uses a self-regulating algorithm that sets the powder parameters automatically. The smart software
compensates for any flow property variability and adjusts the parameters during the filling process in real time. All setting
data, process data, results data are recorded and can be exported into ASClII file (data file export). A Symyx Software Lab
Execution Applications (LEA) enable scientists to control, monitor and manage data acquisition for automated laboratory
instruments. With faster, better experimentation comes large quantities of data. Symyx Lab Execution software was
developed with vendor-neutral architecture, so it can collect data from Symyx instruments as well as from a full range of
equipment resources. Our software is extensible by customers and third-party suppliers, delivering method development
into the hands of scientists

Multiple receptacle racks

- Receptacles racks for test-tubes,
bottles. Capacity depends on the
size of the receptacles. A broad
selection of different racks exist.

- Vials can be taken one by one
with the vial gripper or can be put
on a plate.

- Hotels accommodate micro
plates and vials (in plates) up to
20ml scintillation vial. It allows for
more capacity since this uses the - -
vertical space on the system

- Top and bottom capsule plates for
sizes of 000 to 4 can be loaded,
opened and —after the dispense —
closed with the capsule device.

Multiple Dispensing Heads

Very broad range of powders, even sticky ones can be dispense with the dispensing heads for Powdernium™
Dispensing Heads. The powder can be directly stored in the dispensing heads, which meet GMP (Good
Manufacturing Practice) requirements and Powder contact parts are FDA (Food & Drug Administration) approved
material . There is no cross-contamination and after use the dispensing can be easily cleaned and/or sterilized if
required. Up to 320 dispensing head — depending on footprint & dispensing head volume can be stored on the
automated powder dispense workstation.
Standard Dispense head

Easily handling with a standard gripper.
Rack for dispensing head available

Disposable Dispensing head
Easily handling with a standard
gripper. Disposable. Ideal for
compound library.

Capacity | 10.25,50,100mL Capacity | 1omL

Stairloss Steel or
PEEK(25,100mL)

HDPE HighDensity
Polyetrylene)

Materials

Screening Criteria

Do much manual powder dispensing?

1. Types of powders? — Generally if powders are currently weighing out then they will work ok with the Powdernium™. Bulk
density of the powder will determine how much can be placed in a particular dispensing head. This can determine how many
dispense heads are needed for a specific run

2. How many dispenses from each powder? — Should be at least a few dispenses from each powder. The more — the better fit
with our ispensing model. Malnly since it needs 1o load each powder into a dispensing head pror o dispensing. I they only
need one or two dispenses from a powder. Not worth the effort to transfer the powder.

3. How many different powders? One to a few hundred are ok. More typical are 1 to 12. Large number of powders would
reqir smaler dispensing heads to get more onto the system at any one time. Fewer powders allows for use ofarger
ispensing hea

4. Amount of available powder? — Very limited amounts (~50mg o less) would require the Micro-dispensing head. Larger
‘amounts (100mg and up) will work ok with standard 10 , 25, 50, 100 ml dispensing heads

- Dispense targt weights and tolerances? . Low dispense weights would usualy use the moro sensitive balance (5 piaces
But 4 place works faster and allows for a bigger weight range. More restrictive tolerances mean the system will
ok 1o 10 BehiauS he Bspense.

6. Types of receptacles? Micro plates and vials in plates up to 20mi scintillation vial size work well using hotel format. Allows for
more capacily since this ses the vertcal space on the system, Larger objects (vials botlies, efc.) require the use of a deck
recoptacie ratk (pick and place individual vial) Capping function requires that vials b indicually picked and  thus need deck
racks. Capping will not work with hotels since the vial needs to be presented to the capping station one by on

7. Weight of receptacles (and powders)? — Must be within the work\n% range of the balance. Include weight of plaie plus vials,
plus powders. 5 place balance can work up to 210g. 4 place up to 300g. Both balances have a preload set that offsets the
we\gm of the nest.

8. Size of run required? — Large objects (bottles) or large runs requires the longer bed system (ie 2050 mm vs. standard 1250
mm footprint ). Must also make sure that enough powder can be stored in the dispensing heads to accomplish the run

9. GMP/GLP? — Requires the 21CFR Part11 compliant software installation. Includes file encrygtlon, software access security
(uses Windows groups). Aiso includes more extensive 1Q/0Q (usually work with customer QA group for finished 1Q/0Q docs).
Also includes validation package (supporting documents for the software development, materials of construction, test matrix
€lc). Vaiidation package and K/0Q bacoma supporting documents for the customer validation work on the system.

10. Throughput required? - Dispenses are typically around 60 sec per dispense. Can bo as fast as 20 ses. o as ong as
iepends on powder but mostly on the set tolerances for the dispense. Tight tolerances (+/- 0.02mg) will take longer
Ve e (oemee (F75img, 10% ete.) will run much faster

1. PYO{EI:. timelines? — Delivery within 6-8 weeks after firm order. 1-2 weeks for installation/training. So for standard R&D
application the system will be installed and ready to use in 8-10 weeks after order. GMP would require customer validation of
the system and process before they could use for e.g. human samples. Can take anywhere from 2 weeks to several months to
accomplish. Validation work is the responsibility of the customer organization and is very dependent on their QA process.

12. Available budget? — Systems can be purchased with very few accessories to minimize the capital investment. Then options
added after delivery. This can be helpful for groups that have available money to buy a powder system but don't yet know the
details of the project.

14. Enclosure required? —standard enclosure for automated powder dispense Powdernium™ workstation is useful for
mechanical protection of the operator. Toxic or potent compound use will require more aggressive enclosure. Symyx has
worked well with Flow Sciences to provide ventilated containment for the Powdernium™™ systems. Also can put the
Powdernium™ systems into an isolator or glove box if necessary.

Powder Dispensing Application
Example of a Reference Standards Repackaging (vials)

Group has to repackage standards from large lots into smaller individual vials. A technician takes an order, weigh out
powders, and provides vials to customers.

With 200 - 400 vials per day as target, this means 200 - 400 weighings a day for a technician.

Dispensing needs to be precise, repeatable and traceable. No cross contamination is allowed since they are standards.

The automated powder dispense allows to work 1-2 shifts/day unattended, without cross-contamination thanks to the separate
dispensing heads and fits into a glove box.

Inputs Outputs
|
: m
Other typical applications for powder dispensing with Powdernium™ Technology
Capsulelvial/bottle filling for clinical trials ipient C & Forced D testing

Drug Formulation development Solubility testing

Process and Chemical Development support HTE (high throughput experimentation)
Sample Preparation for Analytical Powder dispensing for catalyst discovery

Polymorph screening

Challenges & Pressures

Pain Value

Scientists Repetition of tasks Eliminate rote labor from science

Challenge to dispensing variety of powders Powdernium™ technology — high accuracy and

precision on milligrams and sub-milligrams range
Reporting Data Integrated workflows

Electronic reports
Group Leaders

Non-value added tasks Apply “extra hands” technology

Productivity challenges Utilize researcher for valuable work
Reporting results — with confidence Gravimetric audit trail

Large (increasing) volumes of data Reduce ‘File Management' activities

Management Project Costs Productivity without sacrificing results
Quality of Data — eliminate rework Traceability of operations
Reports Business rules protect integrity and completeness of
data sets
Automation Concerns & Tactics to Address

1. Versatility
Most verstatile powder dispensing system avalable
« 1000’s of powders and powder types run through system — even sticky ones!
+ Changing from one application layout to another takes only a few minutes.
2. Flexiblity
« Provide modular, automated system. Runs unattended and overnight.
« Multiple destination receptacles such as tubes, vials, plates, bottles, capsules, reactor blocks.

3. Fast value realization
« Easy Installation, Quickly up to speed
« Bottom Line: Can be on-line in Days

4. Software

Self-learning software. Compensate any flow property variability and adjusts the parameters during the dosing process. It
works out of the box!

o

. Data Handling
+ Software records & displays real time data storage
GMP and CFR Part 11 compliance

Typical Dispensing Data

Different dispensing weights and tolerance limits can be used.

Excipient Target Tolerance Mean (mg) |Range (mg) Standard Relative
Weight Setting (%) Deviation SD |Standard
(mg) (mg) Deviation (%)

Colloidal Silicon Dioxide 10 +/-1% 9.9 9.9-10.0 003 034

Magnesium Stearate 25 +/-2.5% 250 244255 038 15

Fumed Silica 10 +/-2% 9.9 9.8-10.2 0.11 138

Corn Starch 100 +/-5% 96.4 95.1-98.1 07 072

Microcrystalline Cellulose 100 +/-5% 97.9 95.2-102.8 24 25

Capping & Crimping

For capping and/or crimping application , a capping and/or crimping station can be placed as a module
on the automated powder dispense Powdernium™ workstation. The station achieves:

- Uncapping of capped tubes/ - Capping of uncapped tubes/ - Crimping of tubes

The Powdernium™ XYZ robotic system places and removes the tubes on the capping and/or crimping
station. The caps can either be already in place on the tubes or be provided by a feeding mechanism,
which is either a simple track where caps are inserted by any mean or a carrousel where caps are
stored.

Conclusion

The automated powder dispense Powdernium™ workstation with true flexibility allows the highest level of performance
and throughput, greater operating efficiency, more leveragability of development process all while ensuring versatility
and traceability for current and future applications.

Pure drug or active substance can be dispensed (directly into cap: )

Speeds up the process development cycle

Reduces cost — eliminates process validation studies and no need for excipient compatibility

High consistency of the results through and p trolled

Reduces effort in pre-formulation and pre-clinical phase

www.symyx.com/powder




Pharmacopoeial Reference Standards and Measurement Uncertainty

Kirsten Byrialsen, E.G. Nielsen, A.M. Jespersen, U.M. Riber, N. Zeuthen

Novo Nordisk A/S

PHARMACOPOEIAL REFERENCE STANDARDS

Comparison of the content of a drug product measured over time and
by different laboratories is only possible if the analytical results are
anchored to a common base, i.e. a system of reference standards.
Therefore, the quality of pharmacopoeial reference standards is
fundamental for content determination of many drug products.

For a number of products (e.g. human insulin), different
pharmacopoeial reference standards exist in different regions. The
reference standards are not mutually recognised and the assigned
values are provided without uncertainty statements. Consequently, the
labelled content of a batch of drug product may depend on the market
the product is shipped to, see Figure 1. This may lead to different
doses for patients and additional documentation costs for the
manufacturers.

Global reference standards or mutual recognition of pharmacopoeial
reference standards are important factors in assuring the
harmonisation of drug products across the world. The uncertainty of the
assigned value is the most important quality parameter of a reference
standard, since this uncertainty directly influences the uncertainty of
content determinations of the drug products.

UNCERTAINTY OF A REFERENCE STANDARD

The uncertainty associated with the assigned value consists of
contributions from the certification study, the homogeneity and the
stability of the reference standard, see Figure 2.

It is preferred that the uncertainty contributions are stated individually:

« the contribution from the certification study expressing the possible
difference between the assigned and the actual content value at
the time of release of a new batch

« the contribution from homogeneity expressing how much the
content may vary between the vials (or within the vials, if relevant)

« the contribution from stability expressing how much the difference
between the assigned and the actual content value may increase
over time.

The information may then be used, e.g. when calibration studies for in-
house reference materials are designed or in evaluation of the reference
standards contribution to variations in assay results.

Reference standard Laboratory precision

«——— Certification

— Equipment
study quip

Training and skills __,)

of personnel «— Method setup

Stability —

Figure 1. Due to lack of global reference standards, the labelled
content of the same drug product may vary between markets.

Homogeneity Certification study

Analytical method for

— . .
Between-vial content determination
homogeneity Study design—»
Interlaboratory
Within-vial Data variations
homogeneity treatment Assigned value

> of content
for reference stand:

Shortterm stability
(transportation)

<+——VLong term stability
(shelf life)
Stability

Figure 2. Overview of contributors to the uncertainty of the assigned
content value of a reference standard.

UNCERTAINTY OF AN ASSAY RESULT
The uncertainty of the content value of a drug product is a combination of

Homogeneity Environmental N Data uncertainties (variations) originating from the analytical procedure, the
conditions treatment reference standard used and the drug product it self, see Figure 3.
» Assay result
Storage, (at any)tlime point The intermediate precision for the analytical procedure is normally
- g during product estimated with only a single batch of reference standard available.
conditions Filling shelf life) Therefore, the variations related to the stability and to some extent the
/— Packaging variations ’ homogeneity of the reference standard are not included in the

Degradation —, materials

impurities +— APl homogeneity

Stability of product Batch homogeneity

Figure 3. Examples of contributors to the uncertainty of an assay
result for declared content of a drug product at any time point during
the products shelf life.

changin
diabegtesg®

intermediate precision.
During the shelf life of a drug product, several batches of the reference
standard may be valid and the uncertainties related to the reference

standard will therefore add — for the moment — unknown variations to the
uncertainty of the assay results for the drug product.

. ®
novo nordisk






