Benefits of harmonisation of monographs and

international reference standards

Objective

The consequences of availability of international reference
standards for patients and industry are outlined. The
scenarios discussed are:

1. No monograph and international reference standard is
available.

2. Several monographs and international reference
standards that are not harmonised are available.

3. One harmonised monograph with corresponding
international reference standard is available.

In-house RS A In-house RS B m In-house RS D

Current global situation on monographs and reference
standards. Which one to follow?

e

product

Introduction

Products must comply with the Pharmacopoeial monographs,
i.e. comply with the limits in the monograph when analysed
with the analytical method and reference standard stated.
Currently, several monographs and international reference
standards are available for many products.

The question is which standard should the industry follow?

Some monographs and international reference standards
have been harmonised which means that international
reference standards from the different pharmacopoeias (and
NIBSC) are the same batch and have the same certified value
across regions. One example is the Ph.Eur./USP/JP insulin
aspart reference standard with the same certified value
(7.62 mg per vial).

Three scenarios regarding monographs and reference

standards are outlined and discussed.

Scenario 1 - No monograph and inter-

national reference standard is available

I I l I
I 1 I I

Product A Product B Product D

S,

-
S

~ - -

L

9.35mg "~ _ _--710.70 mg
h Patient dosage g

Scenario 1: A-D illustrate different manufacturers.
RS: Reference standard.
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Conclusions and recommendation

 Patient dosage might be impacted by lack of harmonised monographs and harmonised reference standard.

Harmonisation will ensure consistent patient dosage and support the industry goal of delivering products of excellent

quality to all regions of the world.
History has shown that harmonisation is possible.

If harmonisation is not possible it is recommended to

e calibrate pharmacopoeia standards against one “golden” reference standard, or

 mutually recognise already implemented international reference standards.

In Scenario 1 each manufacturer has to define and control
their own analytical method and in-house reference standard
as illustrated. Hence manufacturers may use different
analytical principles to certify their in-house reference
standard and to analyse their products.

The different in-house reference standards will have
different true content/potency level, which is not an issue.
However the difference between the true value and the
certified value of an reference standard may vary
significantly as illustrated in the box. This is primarily due to
the use of different methods/analytical principles. Depending
on the size of difference and whether it is positive or
negative, the difference might influence the analytical results
for products significantly.

Hence the products produced by different manufacturers
may be assigned significant different content or potency
values. This may have a direct significant impact on patient
dosage if patients shift between manufacturers.

An example of this is Somatropin, where Japan discovered a
difference of up to 25% in effect for products from different
manufacturers when administering the same dose. The
reason for this was use of different bio-assays with very high
variation. Eventually this was solved by replacing the bio-
assays with a harmonised monograph content method and
establishing a mutual recognised WHO standard.

Scenario 2 - Several monographs and

international reference standards not

harmonised
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Scenario 2: A-D illustrate different manufacturers. X-Y illustrate
different monographs and corresponding reference standards.
RS: Reference standard.

In Scenario 2 the certified value of the individual reference
standards is set by each pharmacopoeia and manufacturers
might follow different monographs with the corresponding
international reference standard as illustrated.

As in scenario 1 the different reference standards will have
different certified values for content/potency, which is not
an issue, but the difference between the true value and the
certified value of an reference standard may vary as
illustrated in the box. In scenario 2 the difference is due to
the use of different pharmacopoeial method and the nature
of the corresponding reference standard used as well as the
uncertainty at establishment.

The size of difference in scenario 2 is expected to be smaller
than in scenario 1 because methods are defined by the
pharmacopoeias. Furthermore the difference is even smaller
for manufactures using the same monograph and
corresponding reference standard.

However the products produced by different manufacturers
may still be assigned different content or potency values.
This may have a direct impact on patient dosage if patients
shift between manufacturers. However the impact is not as
pronounced as in scenario 1.

Another disadvantage of scenario 2 is risk of no availability of
products in different countries as products may not be able
to comply with all pharmacopoeias.

Scenario 3 - One harmonised mono-graph
with corresponding international reference
standard

Monograph/RS X

— -~ e —

In-house RS A In-house RS B m In-house RS D

| | l I
1 1 I I

Product A Product D

T -

~ -
TS~ 995mg > -~ 10.00mg __-

9.85mg ~~_ _~~710.10 mg
Patient dosage

Scenario 3: A-D illustrate different manufacturers. X is the
harmonised monograph and corresponding reference standard. RS:
Reference standard.

In Scenario 3 the analytical method and the corresponding
international reference standard used to establish in-house
reference standard is the same for all manufacturers as
illustrated.

Use of same monograph ensures that products are tested
under the same conditions which enhances similar product
quality irrespectively of manufacturers as well as support
consistent dosage for patients.

Hence consistent dosage for patients irrespective of
manufacturer and country is expected to be significantly
improved compared to scenario 1 and 2.

From a patient perspective as well as an industrial
perspective it is of great advantage to have harmonised
monographs and corresponding international reference
standards.

Recommendations in case of no

harmonisation

If harmonisation is not possible it is recommended that new
international reference standards are certified against one
“golden” reference standard or that mutual recognition of
reference standards is applied.

It is also recommended that the equivalent reference
standards from the major pharmacopoeias are included in
the collaborative studies. This approach could provide data
for manufacturers in order to get knowledge about
content/potency of their products analysed according to
different monographs and corresponding international
reference standards.
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ABSTRACT

Pharmacopoeial reference standards are primarily used in pharmaceutical analyses to ensure adequate quality control of medicines. However, only when the uncertainty for the property value assigned to a reference standard is known can the consistency and
comparability of measurement results both over time and between laboratories be guaranteed.

By ISO Guide 17034, the combined standard uncertainty for the assigned value of the reference standard should take into consideration all relevant uncertainty sources, including the ones associated with the possible heterogeneity of the reference standard.
An assessment of the homogeneity of reference standards in final packaged forms has to be carried out by their producers. Yet, for most pharmaceutical substances used as candidate reference materials are very pure, the homogeneity assessment of
pharmacopoeial reference standards is often underestimated. As there is a number of the pharmaceutical reference standards containing large amounts of impurities (mainly, crystal hydrates), the issues concerning the homogeneity assessment should be

addressed.

Conventionally, characterisation of a pharmacopoeial reference standard is the assignment of the property value to a batch of the pharmaceutical substance packaged in vials (units) in an amount sufficient to perform a single measurement or run of the
experiment. This means that the laboratory will be assessing the quality of the medicine using only one unit of the reference standard from the batch. Consequently, any unit of the reference standard should be representative of the whole batch. The standard
analytical practice of taking only one test portion from the unit for the measurement compounds the problem of ensuring the correctness of the measurement results; the smaller the test portion, the higher the measurement uncertainty.

Considering the above, it is essential for the reference standard producer to ensure the acceptable between-unit heterogeneity of the reference standard and, if necessary, establish the minimum test portion that provides sufficient homogeneity for the
intended use. Still, pharmacopoeias do not provide recommendations on conducting homogeneity assessment of reference standards. This leads to using ISO guidelines not specifically targeted at and, accordingly, have limitations for the use in the

pharmaceutical sector.

We propose the acceptance criteria and procedure to control the homogeneity of pharmacopoeial reference standards based on their intended use.

RESULTS AND DISCUSSION (continued)

INTRODUCTION

ISO Guide 17034:2016

e Requires the assessment of the homogeneity of any reference
material to ensure its fitness for purpose

ISO Guide 35:2017

e Provides guidance for homogeneity testing and the establishment
of the minimum sample size

» considers the within- and between-unit heterogeneity

» proposes to use the standard deviation (SD) as a heterogeneity
marker

» if the standard uncertainty associated with heterogeneity (u, ) is
significant, recommends its inclusion to the uncertainty for a
certified value of a reference standard (u,,)

» suggests using ANOVA to separate estimation of within-run,
between-run and between-unit variances

» allows increasing the contribution of u, ., to the u  in case of
insufficient precision of the measurement procedure used for
homogeneity studies

> ifu,, ., is extremely large, allows omitting it from the uncertainty
budget in special circumstances

AlM

To establish acceptance criteria to control homogeneity of the
pharmaceutical reference standards based on their intended use

The approach to the homogeneity assessment of pharmaceutical

reference standards should rest on the ISO approach and take into
account the specifics of the pharmaceutical sector

RESULTS AND DISCUSSION

Rationale

** Specifications for the quality control of medicines are set in
advance

** For medicines with the content limits of APl of + 5%, no further
justification is required

** ANOVA requires conducting n>1 replicate measurements, which
makes it unsuitable for destructive methods of testing (n=1),
which is often the case in the characterisation of pharmaceutical
reference standards (titration, thermal methods of analysis)

¢ U, Can make a major contribution to u
» By the State Pharmacopoeia of Ukraine,

» for medicines, the target uncertainty of measurement results
(Utarger) Should be insignificant compared to the specification
limits

» the maximum permissible expanded uncertainty for the value
assigned to a reference standard (maxA,,) should be negligible

compared to the target uncertainty of measurement results
(U

ta rget)

Consequently, for pharmacopoeial reference standards intended for
assays in medicines with the content limits of + 5%, the maximum
permissible expanded uncertainty for the value assigned to a
reference standard

maxA..= 0.5%.

4

* The value of 0.5% is often the lowest extreme value for analysis
methods used for characterisation of pharmaceutical reference
standards at which it may be impossible to separate the
heterogeneity contribution (insufficient precision)

L)

o0

* Therefore, for pharmaceutical reference standards, we consider
inclusion of the separate assessment of the heterogeneity
contribution to the uncertainty budget unreasonable unless
proven otherwise.

The proposed approach

% The expanded uncertainty associated with u, ., (U,,,) should be
negligible compared to the target measurement uncertainty
(U

ta rget) y

** For any test portion, the property value of the pharmaceutical
reference standard should lie within maxA...

However, when a single criterion based on the requirements for the
SD or confidence interval (Cl) is used, it is possible that the
requirements are satisfied even though the property values
obtained for some test portions fall outside maxA, . and, as a result,
the pharmaceutical reference standard is not rejected.

The suggested procedure

» determine the property values for n test portions analysed (X))
for the degrees of freedom greater than or equal to 9;

» for X, calculate individual content deviations (d;) and a two-sided
95% Cl (Up,om)-

Acceptance criteria

We consider pharmacopoeial reference standards meet the

requirements for homogeneity when the two following criteria are
both fulfilled:

Criterion 1. U, ., should be less than or equal to maxA...

Criterion 2. None of the individual content deviations (d;) should
exceed the 99% Cl derived from maxA . (maxd).

We consider maxA. as a 95% two-sided Cl for the population
standard deviation

maxA. =Z,xo
where
o Is the population standard deviation,
Z, is the normal deviate.
Then, for 99% Cl,
maxd = (2.59/1.96)x0.5% = 0.66%,

where 2.59 and 1.96 are the normal deviates for 95% and 99% ClI,
respectively.

The approach is close to the one used to confirm the uniformity of
dosage units.

The approach has been tested in the certification of reference

standards of the State Pharmacopoeia of Ukraine

Water present in a large amount in the pharmacopoeial reference
standard may serve as a marker of its homogeneity.

Since the uncertainty for the property value of the pharmacopoeial
reference standard (X) is estimated, the SD values obtained for the
water content (SD,) can be converted to RSD for the property value
(RSD,):
SD,, x 100%

100% — W
Deviations in the water content can be assessed as follows:

RSD, =

. w-w
100%—-W

X 100%
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Examples

Atropine sulfate Calcium oxalate monohydrate

Table 1. The results of the
homogeneity assessment of atropine
sulfate; test portion: 50 mg

Table 2. The results of the homogeneity
assessment of calcium oxalate
monohydrate; test portion: 20 mg

# W% 4

1 11.4 _0.50
1 3.88 0.19 5 11.9 o
2 3.59 0.11 3 11.8 s
3 %02 008 4 118 0.05
’ >0 020 B 118 -0.05
> >07 ____B 11.8 -0.05
° 329 0-12 11.7 0.16
! 303 007 g 11.7 0.16
3 3.65 005 g e 005
° 329 012 10 11.9 0.07
10 3.75 005 W 11.8 _
w — "~ D 0.143 :
SD 0.094 - RSD, 0.162 -
RSDy 0.098 U, 0.37<0.50 |-0.50| <
Uiom 0.22<0.50 0.19<0.66 0.66
Conformity Yes Yes Conformity Yes Yes
o (@)
Ouabain Hore. C—
Shs - 8H,0
OH OH
Table 3. The results of the homogeneity assessment of ouabain
Test portion
40 mg 80 mg 120 mg
W,% d, W, % d, W, % d,
1 19.87 -0.11 19.20 -0.06 19.13 0.26
2 19.48 0.37 18.90 0.31 19.23 0.14
3 19.12 0.82 19.00 0.19 19.32 0.02
4 19.26 0.65 19.03 0.15 19.28 0.07
5 19.13 0.81 19.02 0.16 19.53 -0.24
6 20.75 -1.21 19.62 -0.58 19.70 -0.45
7 20.62 -1.05 19.17 -0.02 19.26 0.10
8 19.57 0.26 19.16 -0.01 19.28 0.07
9 20.34 -0.70 19.15 0.00 19.36 -0.02
10 19.69 0.11 19.29 -0.17 19.35 0.26
W 19.78 - 19.15 - 19.34 -
SD 0.60 - 0.20 - 0.16 -
RSD, 0.75 - 0.25 - 0.20 -
Uporn 1.69> 1,21>0.66 056> 0.58<0.66 0.45<0.50 0.45<0.66
0.50 0.50
Conformity No No No Yes Yes Yes

** Examples are given for the homogeneity assessment of the reference
standards intended for assays in medicines.

** The test portions specified in the user’s procedures were used as a
starting point.

@ U, =ty x RSD,=2.262x RSD,

Hom

The approach does not aim at finding the value of the uncertainty
associated with the heterogeneity of the reference standard, but at

confirming that it does not exceed the critical value, which simplifies
the homogeneity study.

CONCLUSION

Acceptance criteria for homogeneity assessment of pharmaceutical
reference standards have been established. The criteria are based on
estimates of:

1) the confidence interval for variability arising from
heterogeneity;

2) the range for individual deviations.
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INTRODUCTION

Working (secondary) laboratory reference standards (WRS) are widely used for routine quality control of medicines. Only if the risks of incorrect decisions on compliance related to the use of WRS are managed by the
medicine manufacturer is the use of WRS correct. The acceptable level of the risk can be assessed using the uncertainty concept. The metrological control should cover the entire chain of measurements starting from
the certification of the pharmacopoeial (primary) reference standards (PhRS) to the WRS certification to the decision on compliance of medicines with the specifications.

The pharmaceutical sector has the following specifics:

» alack of information about the use of the uncertainty concept by pharmacopoeias;

» the uncertainty concept can only be applied based on the standardization rules adopted in the pharmaceutical sector;

» even though WRS are calibrated in a measurement laboratory, the approach required for a calibration laboratory should be used.

Given the above, the State Pharmacopoeia of Ukraine (SPhU) developed the uncertainty concept based on which the principles for the PhRS and WRS certification were established. The system of the WRS
certification that rests on the approach adopted by SPhU is being implemented into the laboratory practice of Ukrainian pharmaceutical companies.

RESULTS AND DISCUSSION

Metrological aspects introduced into the State Pharmacopoeia of The WRS certification system adopted in Ukraine

Ukraine ** WRS are calibrated against SPhU RS by the procedure in which the WRS are used for assays in
medicines.

s At least 2 solutions of WRS and SPhU RS are used.

By the State Pharmacopoeia of Ukraine,

4

* The requirements for the target measurement uncertainty (U,,,.,) has been established for the basic

pharmacopoeial tests based on the pharmacopoeial decision-making rule (SPhU 5.3.N.2N Validation ** The sample preparation of the solutions and the number of replicate measurements are optimized so
of analytical procedures and tests) that the predicted uncertainty (SPhU 5.3.N. 1N Statistical analysis of results of chemical assays and

tests) for the WRS calibration result does not exceed maxA,.. The gravimetric method is typically used
Table 1. Recommendations for the target uncertainty of a measurement result (Uy,, ;) for the preparation of solutions.

TEST RECOMMENDATIONS ¢ For the results obtained, the actual uncertainty for the WRS calibration is controlled.

ASSAY (two-sided specification limits) U =B — 100 % ** On-site training of personnel that certifies WRS is provided.
for some APIs*:

4

target Upper

By SPhU 5.3.N.2V, for comparative analysis methods, the procedure fits its purpose if any of the
systematic components of the uncertainty is insignificant (does not exceed 0.5% for B = 5%). Therefore,
the procedure for assay validated by the SPhU approach is considered suitable for the WRS calibration.

for medicines
(for limits symmetrical around 100 %):

Utarget =0.32 x (B Upper B Lower)/ 2

ASSAY (one-sided specification limits)

An example of the WRS calibration

for APIs and medicines (typically for Herbals): Uiorger = 6.4 % . T : :

e Manufacturer’s procedure for assay of The procedure for WRS certification of nicergoline
UNIFORMITY o ’ ' e nicergoline in tablets (content limits: £ 5%;

Utarget = 3 % maxA. = 0.5%)

R_ELf\TED SPBSTANCES e Reference solution. Dissolve 50 mg of the Prepare two solutions of PhRS and two solutions of WRS.
Limit t.ests:. Utarget = 16°A> SPhU RS of nicergoline in a diluent and bring Dissolve 100 mg of PhRS or WRS of nicergoline (m,) in a
Quantitative tests: Utarget = > % the solution to a volume of 50 mL. 2 ml of  diluent and bring the solution to a volume of 100 mL.
* in the case when the assigned limit is caused only by analytical variability the resulting solution dilute to 100 mL. Determine the mass of the contents of the flask (M,).
BLower — the lower content limit, By, ., — the upper content limit Dilute 2 mL of an accurately weighted aliquot (m,) to 100

mL. Determine the mass of the contents of the flask (M,).
** The maximum permissible expanded uncertainty for the value assigned to a reference standard

(maxA.,) should be negligible compared to the target uncertainty of measurement results
(Utarget) (SPhU 5.12" Reference Standards)

maxA..=0.32 x U

Measure the optical density (A) on a spectrophotometer (2.2.25) at a wavelength of 288 nm.

mlxzz and the normalized responses (R): R = A/C for

1 2

Calculate concentrations of the solutions (C): C=
the solution of WRS or PhRS.

Calculate the average of the R obtained for the solutions of WRS and PhRS ( R s and R, .., respectively).

target.

Apparently, for pharmacopoeial reference standards intended for assays in medicines with the

content limits (£ B) of + 5%, maxA .= 0.5%. Calculate the certified value of WRS (Xyyps): Xyyps = XPh%SXRWRS
% For any metrological characteristic of SPhU RS or WRS (A4,,..., Aiorms Asap), the requirement set out Table 2. Experimental results of the WRS certification S}R?’\icergoline
for maxA . is applied. This is due to the fact that the requirement comprises 1/10 of the content | "WRs, |  WRSs, |  PhRS, |  PhRs,
limits for assay in medicines (£B); therefore, all sources of uncertainty for both SPhU RS and WRS m, 0.09961 0.10036 0.10018 0.10006
do not affect the reliability of the decision on compliance. At that, the uncertainty of 0.5% is M, 83.354 23.301 83.217 83.304
extremely achievable for most analytical methods used for the PhRS certification, which makes m, 1.6343 1.6332 1.6388 1.6397
finding the uncertainty budget for maxA,  for both PhRS and WRS impossible. M, 83.334 83.281 83.253 83.262
C 2.3436E-05 2.3626E-05 2.3697E-05 2.3655E-05
A, (288nm) 0.365 0.371 0.371 0.370
A, (288nm) 0.367 0.370 0.371 0.370
Level 1 ¢=——oo ' Content limits (£ B) =t A, (288nm) 0.366 0.371 0.371 0.369
A,(288nm) 0.369 0.373 0.371 0.369
. . A:(288nm) 0.370 0.374 0.371 0.369
I <'”5'g”'f'cance principle A, (288nm) 0.370 0.375 0.372 0.370
" A,(288nm) 0.370 0.376 0.372 0.370
Level 2 e U, =t U, per < = (£B) A 0.36814 0.37286 0.37129 0.36957
8Et=3 RSD 0.575 0.608 0.1314 0.1446
<j|nsignificance principle RSD s00leq 0.43
R 15.708 15.782 15.668 15.623
Level 3 D,_% -0.47 0.29
R 15.745 15.646
X X s = 100.5 % Xppps = 99.9 %

Sources of 4:

= RS characterisation
= RS homogeneity

= RS stability

Quality control of the WRS calibration results

1. Check for outliers

2. Test of the variances equality

3. The difference in R between two solutions of WRS or PhRS (D, %) should not exceed maxA...

4. Estimation of the uncertainty of the certified value due to the characterisation of WRS (4,zc /)
Ayrs char = VA%p + A%, =+/0.22 + 0.2782 = 0.34 (%)

where A, and A, is the uncertainty due to the sample preparation and replicate measurement,

respectively;

A, =0.2mg/100 mg x100% = 0.2%;

App = RSD s01ed X tos: one-sided; foza / V7 = 0.43% x 1.7109 / 2.646 = 0.278%.

CONCLUSION

The WRS system has been implemented in more than 20 laboratories and operating for more than 15
years in Ukraine.

Fig. 1. The SPhU approach to the requirements for uncertainty sources

N/

“* maxA. is specified in the certificate for SPhU RS; it remains the same when the batch of
SPhU RS is changed.

s* The shelf life for SPhU RS is established in the certificate, which allows using the same
shelf life for WRS.
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INTRODUCTION

Erythropoietin (EPO) is a biotherapeutic medicine widely
used to treat anaemia resulting, for example, from chem-
otherapy. Requirements of the European Pharmacopoeia
(2) stipulate that the level of EPO-dimer must be quanti-
fied in EPO Active Pharmaceutical Ingredients (with a
limit of 2%) using SEC HPLC. However, quantification is
hampered by the lack of reference preparations contain-
ing stable measurable levels of EPO-dimer (2)which
would allow verification of the suitability of the analytical
system used. We describe here the development and es-
tablishment of a lyophilised, chemically cross-linked EPO
preparation as a system suitability reference material for
the size-exclusion chromatographic separation of EPO
(Project BSP 137).

MATERIALS AND METHODS

Trial Preparation: Glutaraldehyde is widely used to cross-link proteins
(3). A highly dimerised EPO was made following optimisation of the glu-
taraldehyde to protein ratio, incubation period and temperature and this
was then diluted into monomeric EPO to give approximately 2% dimer.
EPO (total content 100ug) formulated in 3% trehalose, 0.3% arginine,
0.01% Tween20, 0.45% NaCl, 20mM NaP buffer pH 7.4 was dispensed
and successfully freeze dried, without changing the dimer content (4).

Candidate Chemical Reference Substance (cCRS) Preparation: Fol-
lowing the success of the small scale study, EDQM supplied sufficient
amounts of EPO ( a mixture of a and 3 forms) to fill and freeze dry a
cCRS batch at NIBSC with a target of approximately 2% cross-linked
dimer. This yielded a total of 5,318 vials at 100ug EPO per vial in the
same formulation, with a dry mass of 0.412g/vial, a CV of fill of 0.59%, a
residual moisture content of 1.59% w/w (by coulometric Karl Fischer titra-
tion) with an inert headspace of nitrogen gas (oxygen content 1.22%).

Collaborative Study: The preparation was evaluated in six laboratories
in 5 countries using the Ph Eur method for SEC HPLC described (1).
Dimer content and resolution of the dimer from the monomer peak was
determined (Table 1, Fig 1). Stability post reconstitution was studied and
thermal stressing was undertaken at NIBSC with storage at elevated
temperature to assess the impact on the lyophilised material.

RESULTS

Lab Oligomer Dimer Monomer
Rel % Rel % Reso-| P/V |Reten-| %
Ret Ret lution | ratio | tion
(min)
1 0.83 | 016 | 0.89 | 3.33 | 1.72 | 6.73 | 181 | 96.5
2 0.81 0.1 0.87 | 3.38 | 1.87 | 10.8 | 31.8 | 96.5
3 0.78 | 0.03 4| 0.89 | 3.83 | 1.50 | 493 | 14.3 | 96.1
4 0.84 | 017 | 090 | 3.60 | 1.73 | 5.71 18.0 | 96.2
5 0.79 | 0.02 A 090 | 3.00 | 1.39 | 3.99 | 27.7 @ 97.0
6 0.82 | 017 | 0.88 | 3.4 1.88 | 18.63 | 36.3 | 96.4
Mean | 081 | 011 | 0.89 | 342 | 1.68 | 846 | n.a. | 96.5

Table 1: SEC HPLC evaluation of cCRS dimerised EPO lyophilised
preparation—each laboratory result is a mean of 4 determinations.

*E: paul.matejtschuk@nibsc.org

B ~29-50003-0201 D)
mAU § a®
£ 499, £ &
s [les A
= 300 i f
@ i
g I
s 200 | t l I
S AP
2 100 g | k’s A
< gﬁo’ \ (‘\,‘ |
o A N \
...............................
- _min
MWD E, Sig=280.16 Ref=360,100 (F:\EPO DUAER 15-120 240615 2015-06-24 17-29-50\003-0201.D)
mAU ﬁ ©
£ 35 ?g \,}?
= e
e
S 20 e |
~ 25 I |
@ i |
% 20 I H
£ 15 11 ]
2 10 s ]
e
=2 3|9 i
5 O |
o g =
10 20 30 40 50 min

| Elution Time (min) l

Fig 1: SEC HPLC of dimerised EPO preparation showing absorb-
ance at 214 and 280nm (peaks after monomer are excipient-related)

All six laboratories were able to resolve the EPO dimer from the
monomer with a relative retention of 0.87 to 0.90 (dimer/monomer)
and a resolution of 1.4 to 1.9. With laboratory 5 excluded, the over-
all mean dimer content was 3.51% (with CV = 6.0%).

Five laboratories undertook stability testing on the reconstituted
cCRS material. A satisfactory stability under refrigerated conditions
(+2-8°C) could be established for up to 3 days after reconstitution of
the cCRS.

The accelerated and real time stability studies undertaken indicate
that though some aggregate forms over time the material remains
suitable for purpose.

CONCLUSIONS

Based on the study results, the cCRS was adopted as Ph. Eur.
EPO for SEC system suitability CRS batch 1 by the Ph. Eur. Com-
mission at its 159™ session in November 2017. The revisions pro-
posed were captured in the Ph. Eur. 9.6 (in force on 1 January
2019).

The CRS is available from the EDQM under catalogue number
Y0002009. An example chromatogram is provided with the CRS.

Given its good stability, the CRS may be shipped at ambient tem-
perature to users and should be stored at -20°C upon receipt and
until use. The CRS will be monitored at regular intervals
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Establishment of the first Ph. Eur. Biological Reference
Preparation for Hepatitis E virus RNA for NAT testing

The Biological Standardisation Program (BSP) exists since 1994 and is co-funded by the Council of Europe (EDQM) and the EU Commission. The BSP focuses on the standardisation of the methods and tools for the quality
control of biologicals by establishing reference standards and validating new methods with particular focus on reducing, refining and replacing the use of animals (3Rs initiative). The scope of the studies includes biotech
products, vaccines and sera for human use, vaccines and sera for veterinary use, blood products and contaminants and allergens. These activities are supervised by the BSP Steering Committee which is composed of the
chairs of Ph. Eur. Groups of Experts 6 (Biological and biotechnological substances), 6B (Human plasma and plasma products), 15 (Human vaccines and sera), 15V (Veterinary vaccines and sera) as well as co-opted experts
and delegates from the EU Commission, EMA, BWP, IWNP and WHO and the EDQM Director. Here we present the results of a study to establish the first Ph. Eur. Biological Reference Preparation (BRP) for Hepatitis E virus RNA

for NAT testing. The publication of the study report is openly accessible [1].

Introduction

Hepatitis E virus (HEV) is a single stranded RNA virus belonging to the Hepeviridae family. HEV is a major cause of acute
hepatitis where genotypes 1 & 2 HEV are transmitted by the faecal-oral route and is associated with contamination of
drinking water. In industrialised areas with safer water sanitation, autochthonous cases of HEV occur and infection with
HEV appears more prevalent than originally believed. These cases are mainly caused by genotype 3 HEV originating from
undercooked animal meat.

HEV in plasma is not inactivated by solvent/detergent (5/D) treatment. Because of the widespread detection of HEV in donor
nlasma and the evidence of transmission of HEV by S/D plasma, the European Pharmacopoeia (Ph. Eur.) monograph 1646:
{uman plasma (pooled and treated for virus inactivation) was revised to include nucleic acid amplification technique (NAT)
testing for HEV RNA and was implemented in January 2015 [2] .

he Ph. Eur. monograph states that each test run should contain a positive control with a concentration of 2.5 log1o [U of HEV
RNA per millilitre (mL).

helUfor HEV RNAis defined by the World Health Organization (WHO) First International Standard (IS) for HEV RNA (6329/10),
which has been prepared using a genotype 3a HEV strain.

Since the WHO IS availability is limited, a new Ph. Eur. Biological Reference Preparation (BRP) had to be established further
to the decision to include nucleic acid testing (NAT) for the detection of HEV RNA in the Ph. Eur. texts.

To this purpose, an international collaborative study (coded BSP127) was launched in the framework of the Biological
Standardisation Programme (BSP) of the European Directorate for the Quality of Medicines & HealthCare (EDQM, Council of

Europe) and the Commission of the European Union (EU).

Participants

24 laboratories from14 countries worldwide (Europe, Asia, Americas) enrolled in the study; 23 laboratories reported data.

Materials

The candidate BRP was prepared from a human plasma positive for genotype 3f HEV kindly donated by Dr Cornelia Adhoch
(Robert-Koch Institut, Berlin, Germany).

The HEV positive plasma was diluted in pooled citrated human plasma tested negative for HBV, HCV, HIV-1/2, HEV RNA,
anti-HEV IgM and anti-HEV |gG and freeze-dried in screw-cap glass vials (0.5 mL/vial).

The fill volume CV was 1.0% (n=30). The residual moisture was determined by Karl Fischer analysis on vials filled with 0.5
mL of plasma diluent and distributed throughout the freeze-drier. The mean residual moisture of the diluent plasma was
0.6% (n=10).

The homogeneity of the filling/freeze-drying was assessed using HEV RT-PCR. The crossing threshold or cycle threshold ((7)
values were determined for 25 vials of the candidate BRP; the mean (7 value was 28.9, with a CV of 0.79%, indicating that
the filling was of acceptable homogeneity.

The candidate BRP was stored at -20°C.

Accelerated thermal degradation stability study showed that the candidate BRP is stable at low temperature; a drop of 0.3
log10 IU/mL in titre (relative to the WHO IS) was observed after storage at +20°C for 6 months. It was difficult to compare
stability at higher temperatures with the WHO IS because of problems encountered in reconstituting vials of the IS after

prolonged incubation.
Time
(months)
3

Titre
(log,o IU/mL)

Temp.
(°C)

4.55
6 4.52
3 4.53
6 4.43
3 4.43
6 4.19
3 3.91
6 3.50
3 3.73
6 2.74
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Methods and statistical analyses

All participants were asked to perform 3 assay runs using their routine method for HEV RNA. For each run, a new set of
samples had to be used. All dilutions had to be performed using HEV negative plasma.

- For quantitative tests, participants were requested to use the WHO 1st IS for HEV RNA (6329/10) to create a standard
curve and samples reported directly in 1U/mL.

- For laboratories performing qualitative assays, participants were requested to assay the candidate BRP alongside the 1
IS for HEV RNA (6329/10) by a series of one log1o dilution steps to obtain an initial estimate of an end-point. They were
requested to perform 3 subsequent assays, with half-logio dilutions around the end-point estimated in the first assay.

Standard electronic data reporting sheets and a method reporting form were provided to all participants.

Quantitative assay results were to be reported in [lU/mL. Where real-time PCR was used (7 values for the respective
dilutions were to be reported.

Qualitative assay results were reported as positive or negative, i.e. HEV RNA detected or negative; (1, 5/Co or RLU values
were also requested to be reported if real-time PCR or transcription-mediated assays were used.

- For quantitative assays, the mean potency for the candidate BRP relative to the WHO 1 IS for HEV RNA (6329/10) was
estimated using a mixed linear model with random factors laboratory, assay run and test dilution.

- For qualitative data analysis, results from all assays were pooled to give the number of positives out of the total number
tested at each dilution. If it is assumed that a single ‘detectable unit’ will give a positive result, and that the probability
of a positive result follows a Poisson distribution, the EC63 (the dilution at which 63% of the samples are expected to
be positive) was chosen as the end-point. For each dilution series, this end-point was estimated by means of a probit
analysis. Within the same evaluation, relative potencies were also estimated.

- For assays reporting (1 values, these were evaluated for both qualitative and quantitative methods (relative to WHO
1S) using a parallel line model for each laboratory and assay run, as well as combined for all evaluable (i.e. valid) assay
runs.

- Parallel line and sigmoid evaluation model as well as the combination of assays were performed according to methods
as described in the Ph. Eur. general chapter 5.3. "Statistical analysis of results of biological assays and tests”. The
statistical analysis was performed with SAS®/STAT software and CombiStats software [3].

Results

As expected, qualitative data were more variable than quantitative data.
In general, there was a good agreement between qualitative and quantitative assay data

Histogram of mean estimates per assay and
laboratory from quantitative and qualitative
assays (expressed in logio IU/mL)

Overall mean estimates (in logio IU/mL) from quantitative
and qualitative assays

(I: confidence interval; SD: standard deviation

(logyolU/mL)
1 4.53 0.33 3.47 5.03 1.55
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Each box represents the mean estimate from an individual
laboratory. The number in the box is the laboratory code.
Values from Lab 23 are based on 1 assay run; the samples were
inconsistently detected.
Conclusion

Based on these results, in February 2016, the Ph. Eur. Commission adopted the candidate material as the Hepatitis E
virus RNA for NAT testing BRP batch 1, with an assigned unitage of 2.1 x 10* [U/vial (4.32 log1o IU/vial) [1, 4].

COUNCIL OF EUROPE

e

European Directorate

for the Quality
of Medidnes

& HealthCare

Funded
by the European Union
and the Council of Europe

Implemented
by the Council of Europe

Direction européenne
de la qualité

du médicament

& soins de santé

EUROPEAN UNION

CONSEIL DE LEUROPE



Establishment of the first Ph. Eur. Biological Reference
Preparation for Hepatitis E virus RNA for NAT testing
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chairs of Ph. Eur. Groups of Experts 6 (Biological and biotechnological substances), 6B (Human plasma and plasma products), 15 (Human vaccines and sera), 15V (Veterinary vaccines and sera) as well as co-opted experts
and delegates from the EU Commission, EMA, BWP, IWNP and WHO and the EDQM Director. Here we present the results of a study to establish the first Ph. Eur. Biological Reference Preparation (BRP) for Hepatitis E virus RNA

for NAT testing. The publication of the study report is openly accessible [1].
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Hepatitis E virus (HEV) is a single stranded RNA virus belonging to the Hepeviridae family. HEV is a major cause of acute
hepatitis where genotypes 1 & 2 HEV are transmitted by the faecal-oral route and is associated with contamination of
drinking water. In industrialised areas with safer water sanitation, autochthonous cases of HEV occur and infection with
HEV appears more prevalent than originally believed. These cases are mainly caused by genotype 3 HEV originating from
undercooked animal meat.

HEV in plasma is not inactivated by solvent/detergent (5/D) treatment. Because of the widespread detection of HEV in donor
nlasma and the evidence of transmission of HEV by S/D plasma, the European Pharmacopoeia (Ph. Eur.) monograph 1646:
{uman plasma (pooled and treated for virus inactivation) was revised to include nucleic acid amplification technique (NAT)
testing for HEV RNA and was implemented in January 2015 [2] .

he Ph. Eur. monograph states that each test run should contain a positive control with a concentration of 2.5 log1o [U of HEV
RNA per millilitre (mL).

helUfor HEV RNAis defined by the World Health Organization (WHO) First International Standard (IS) for HEV RNA (6329/10),
which has been prepared using a genotype 3a HEV strain.

Since the WHO IS availability is limited, a new Ph. Eur. Biological Reference Preparation (BRP) had to be established further
to the decision to include nucleic acid testing (NAT) for the detection of HEV RNA in the Ph. Eur. texts.

To this purpose, an international collaborative study (coded BSP127) was launched in the framework of the Biological
Standardisation Programme (BSP) of the European Directorate for the Quality of Medicines & HealthCare (EDQM, Council of

Europe) and the Commission of the European Union (EU).

Participants

24 laboratories from14 countries worldwide (Europe, Asia, Americas) enrolled in the study; 23 laboratories reported data.

Materials

The candidate BRP was prepared from a human plasma positive for genotype 3f HEV kindly donated by Dr Cornelia Adhoch
(Robert-Koch Institut, Berlin, Germany).

The HEV positive plasma was diluted in pooled citrated human plasma tested negative for HBV, HCV, HIV-1/2, HEV RNA,
anti-HEV IgM and anti-HEV |gG and freeze-dried in screw-cap glass vials (0.5 mL/vial).

The fill volume CV was 1.0% (n=30). The residual moisture was determined by Karl Fischer analysis on vials filled with 0.5
mL of plasma diluent and distributed throughout the freeze-drier. The mean residual moisture of the diluent plasma was
0.6% (n=10).

The homogeneity of the filling/freeze-drying was assessed using HEV RT-PCR. The crossing threshold or cycle threshold ((7)
values were determined for 25 vials of the candidate BRP; the mean (7 value was 28.9, with a CV of 0.79%, indicating that
the filling was of acceptable homogeneity.

The candidate BRP was stored at -20°C.

Accelerated thermal degradation stability study showed that the candidate BRP is stable at low temperature; a drop of 0.3
log10 IU/mL in titre (relative to the WHO IS) was observed after storage at +20°C for 6 months. It was difficult to compare
stability at higher temperatures with the WHO IS because of problems encountered in reconstituting vials of the IS after

prolonged incubation.
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Methods and statistical analyses

All participants were asked to perform 3 assay runs using their routine method for HEV RNA. For each run, a new set of
samples had to be used. All dilutions had to be performed using HEV negative plasma.

- For quantitative tests, participants were requested to use the WHO 1st IS for HEV RNA (6329/10) to create a standard
curve and samples reported directly in 1U/mL.

- For laboratories performing qualitative assays, participants were requested to assay the candidate BRP alongside the 1
IS for HEV RNA (6329/10) by a series of one log1o dilution steps to obtain an initial estimate of an end-point. They were
requested to perform 3 subsequent assays, with half-logio dilutions around the end-point estimated in the first assay.

Standard electronic data reporting sheets and a method reporting form were provided to all participants.

Quantitative assay results were to be reported in [lU/mL. Where real-time PCR was used (7 values for the respective
dilutions were to be reported.

Qualitative assay results were reported as positive or negative, i.e. HEV RNA detected or negative; (1, 5/Co or RLU values
were also requested to be reported if real-time PCR or transcription-mediated assays were used.

- For quantitative assays, the mean potency for the candidate BRP relative to the WHO 1 IS for HEV RNA (6329/10) was
estimated using a mixed linear model with random factors laboratory, assay run and test dilution.

- For qualitative data analysis, results from all assays were pooled to give the number of positives out of the total number
tested at each dilution. If it is assumed that a single ‘detectable unit’ will give a positive result, and that the probability
of a positive result follows a Poisson distribution, the EC63 (the dilution at which 63% of the samples are expected to
be positive) was chosen as the end-point. For each dilution series, this end-point was estimated by means of a probit
analysis. Within the same evaluation, relative potencies were also estimated.

- For assays reporting (1 values, these were evaluated for both qualitative and quantitative methods (relative to WHO
1S) using a parallel line model for each laboratory and assay run, as well as combined for all evaluable (i.e. valid) assay
runs.

- Parallel line and sigmoid evaluation model as well as the combination of assays were performed according to methods
as described in the Ph. Eur. general chapter 5.3. "Statistical analysis of results of biological assays and tests”. The
statistical analysis was performed with SAS®/STAT software and CombiStats software [3].

Results

As expected, qualitative data were more variable than quantitative data.
In general, there was a good agreement between qualitative and quantitative assay data
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Conclusion

Based on these results, in February 2016, the Ph. Eur. Commission adopted the candidate material as the Hepatitis E
virus RNA for NAT testing BRP batch 1, with an assigned unitage of 2.1 x 10* [U/vial (4.32 log1o IU/vial) [1, 4].

COUNCIL OF EUROPE

e

European Directorate

for the Quality
of Medidnes

& HealthCare

Funded
by the European Union
and the Council of Europe

Implemented
by the Council of Europe

Direction européenne
de la qualité

du médicament

& soins de santé

EUROPEAN UNION

CONSEIL DE LEUROPE



Pharmacopoeial Reference Standards for Elemental Impurities

1 European Directorate for the Quality of Medicines & HealthCare (EDQM), Strasbourg, France
2 European Commission, Joint Research Centre (JRC), Geel, Belgium

3 Physikalische-Technische Bundesanstalt (PTB), Braunschweig, Germany

4 Bundesanstalt fiir Materialforschung und -prtifung (BAM), Berlin, Germany

Abstract

Elemental impurities (El) in medicinal products for human use are institute (NMI) or reference materials that are traceable to the CRM of an  Germany), and a designated institute and accredited CRM producer (BAM,
limited according to ICH guideline Q3D, which is in force since December NMI should be used. Germany). The reference standards were established and characterised ”
2017 in the European Union. As a consequence the relevant texts of the The Ph. Eur. has so far implemented elemental impurity standards of according to rigorous metrological principles and are supplied with =~ .=
European Pharmacopoeia (Ph. Eur.) and the United States Pharmacopeia this type for the four most important elemental impurities i.e. those extended supporting information as required for the intended use.
(USP) have been modified to reflect and complement ICH Q3D, providing corresponding to ICH Q3D Class 1: lead, cadmium, mercury and arsenic. ~ After successful completion of the project, the four reference standards """’
details on the analytical methods to be used. In those chapters (Ph. Eur. Detailsonthedevelopmentofthosefourreferencestandardsareprovided, have been added to the Ph.Eur. catalogue and are in distribution. Itis
2.4.20., USP <233>), it is stated that for the quantification of elemental which was undertaken in partnership with an accredited CRM producer expected that another three elemental impurity standards will be
impurities, certified reference materials (CRM) from a national metrology (JRC, European Commission), a national metrology institute (PTB, implemented and made available to users within the next three years.

ICH Q3D Guideline for Elemental Impurities : it :
equirements ciemental impurities nererence iviateriais
ICH Q3D [1] is a harmonized Table V.1 (5.1): _Elements To Be Considered in the Risk Assessment Certified reference materials (CRM) from a national metrology institute (NMI), or reference materials that are traceable to
. . Element | Class If intentionally If not intentionally added
guideline to ensure globally added (all routes) the CRM of an NMI should be used.
: e Oral Parenteral Inhalati
consistent Contr()lh()f 9|ementa: Human toxicants that have Cd \ 1 yes \'e? a'?;m “'3!2 -
impurities in pharmaceutical  limited or no use in Pb 1 yes yes yes yes . o
products.Thedocumentdescribes  the manufactreof E A T B = Establishment of Pharmacopoeial Reference Standards
. pharmaceuticals. Co 2A yes yes yes yes
a risk-based approach to ensure = oA Yes Yes Yes Yes , , . L
control for elements likely to be Ni A Jes es Reference materials or standards with a known content of the target element are required for the quantification of elemental
oresent in drug products and EOQte'(t‘eg?ﬂgegﬁhU”;)a" - = e - = w impurities. The European Pharmacopoeia envisioned the establishment of suitable reference standards. However, there was
naredients for by dasses 2Aand 2B basedon | | 25 o 10 10 10 a lack of specific know-how and technical equipment at EDQM. As a consequence a feasibility study was initiated to define
ge lents 10r uman use y cas.ses .an_ .ase on Ir 2B yes no no no h . d d f d . d .
3 Toutes of administration and  their relative like-lihooc 0s 3B T 10 10 10 the project scope and to identify competent and equipped partners:
divides them in three classes o occurrencein thedrug m = = " no
. u A yes no no no
. o pTOdUCt. Se 2B yes no no no Eum Camisdion ; BAM % I
In addition, safety-based limits Ag 2B yes 10 1o 1o Pt or—yedi srmeseneh s s sl i “
for dzz e(;emﬁntal dinl]purities ceatively loworl a = = - - - e s o JGasatin Foscin v egan
are defined. The guideline was . Sb 3 yes 1o yes yes
S toxicity but could warrant Ba 3 Vs o ” Jes . .
adopted by the participating cnsidetioninthersk [ |5 T e T First Project Phase for ICH Q3D Class 1 Elements
it assessment for inhalation Cu 3 yes o yes yes " L : :
requlatory  authorities  and Sn 3 yes no no yes To mitigate the overall project risk at first the project focussed on the elements classified by ICH Q3D as class 1: lead,
published in December 2014 and parenteral routes. G 3 yes o o yes - -
' cadmium, mercury and arsenic.

Traceability to the S|

A key necessity was the traceability of the element content to the SI (International System of Units) to allow metrologically

Implementation of ICH Q3D in the EU and Ph. Eur.

ICH guideline Q3D on elemental impurities was finally adopted by the EMA Committee 0 riliable and reproducil.ole determinations. This included new and specific approaches to be developed by the partners in
for Human Medicinal Products in December 2014 [2]. The date of coming into effect for charge (BAM and PTB) Approach A) Direct dissemination to a Approsch §) Content sssignment usne e
new marketing authorisation applications was June 2016 and forauthorised medicinal ~ EUROPEAN MEDICINES AGENCY et meE to: primary cerified reference materia
products December 2017. reian s MEDCRLISE BRRS
Implementation of ICHQ3D in the European Pharmacopoeia transformed the guideline into alegally
binding document. The application date was January 2018 (Ph. Eur. 9.3.) and the following Ph. Eur.
chapters and general monographs have been revised:
5.20. Elemental Impurities e g recen messoamen MR e e
2.4.20. Determination of elemental impurities — o —
2619 Pharmaceutical Preparations T ()
2034 Substances for Pharmaceutical use gh prty lead (CAw) gh puriy merauy
Wour(Pb) Wour(Hg)

SI High purity zinc (CRM)

Purity determination

Implementation of ICH Q3D by FDA, USP and JP [3,4] s

S|

ICH Q3D will be effective for existing products PrOJECt Cha"enges
— New NDA/ANDA effective June 01, 2016 FDA At the beginning it was necessary to bridge the mind-set gap between metrologists and pharmaceutical analysts.
— Existing products effective January 01, 2018 Furthermore, concepts had to be tested and developed to achieve traceability to the Sl without primary reference material of

the same element. Technical solutions had to be implemented to ensure homogeneity of the concentration in the ampoules

USP <232> Elemental impurities limits (August 2017) throughout the filling process. The possible leaching or absorption of element by contact materials had to be excluded by
N USP <233> Elemental impurities procedures (January 2018) pre-testing. And finally, the synchronisation of the elemental impurity reference standards with the implementation of ICH
(<231> Heavy Metals deleted January 2018) Q3D in January 2018 demanded a tight timescale.
JP draft for public comments, March to May 2018 J
New general test 2.66 Elemental impurities - Procedures "% &% OUtIOOk
Publication of JP17 Supplement Il in May 2019 On the basis of the established excellent cooperation another three

elemental impurity standards will be implemented and made "
available to users within the next three years. Furthermore, long
term stability studies are ongoing.

i 1 EDQM Catalogue win U(w) in U, (w) High precision Purlty

(The harmonization of the elemental impurities procedure (G-07 Metal Impurities) is ongoing between EP, USP and JP
within the PDG (Pharmacopoeial Discussion Group)).

A hlghlysu.ccessful coIIaboratlpn ha; been established between leading European |nst|tu’Fes to develop, characterise, produce ead solution CRS 1 . I;ZT\(/Ij cam P OFS Y(O%lilrltv\)/eﬁfkionn)
and establish four elemental impurity reference standards that are traceable to the Sl via the CRM of an NMI. These are the i
. . . . . - . Zi RM N N
first pharmacopoeial reference standards suitable for the quantification of elemental impurities according to Ph. Eur. 2.4.20. <1 Cadmium solution CRS1 ~ Y00001997 10012 00050 050 2 .~ " EDTATitration  EDTA Titration
or USP <233>. Asof January 2018 these four standards are available in the EDQM CRS catalogue. Detailed information on the o Copper CRM KI/Na,S,0
. . . . . . . Arsenic solution CRS 1 Y00002004 1.001 0.015 1.5 2 ICP OES L 23
assigned value and the associated expanded uncertainty is included in the leaflets accompanying the reference standards. o= UL Ui
Mercury solution CRS1  Y00002003 0.999  0.015 15 2 St ICP OES EDTA Titration
ACkn OWI Ed gem ent * Corresponding author; EDQM, Council of Europe
_ o 7, allée Kastner, Cs 30026, F-67081 Strasbourg, France;
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Importance of orthogonal methods for the characterisation of
reference standards, illustrated by the example of a-tocopherol CRS

European Directorate for the Quality of Medicines & HealthCare (EDQM), Council of Europe
/, allée Kastner, CS 30026, F-67081 Strasbourg (FRANCE)

| ntrod U Ctl on isaliquid and highly sensitive to oxidative degradation. Itisof paramountimportance  Figure 1: Chemical structure of a-tocopherol and some of its oxidation
that oxidation be avoided during handling and establishment of the CRS candidate  products.

The assigned content of a Ph. Eur. chemical reference substance (CRS) established material, and that methods appropriate for detection and quantification of potential o N o O o
for assay purposes is usually calculated from the results of the determination of impurities arising from oxidation be applied. HSC@R Cﬁ;ﬁ"j Cm Hscjj;@ojﬂ
impurities (organic, inorganic, water and solvents) by applying the principle of ~The oxidation mechanism of a-tocopherol is intricate and has not yet been fully &, - © L =k
mass balance. When possible, the assigned content is verified by comparing with  e|ycidated. A major pathway includes the homolytic cleavage of the phenolic a-tocopherol Semi-quinone a-tocopherylquinone Epoxy-quinone
the result obtained by independent methods, in order to ensure the absence of a  hydrogen bond that results in formation of a free radical, that is subsequently

bias. oxidised to semi-quinones and finally to a-tocopherylquinone. The latter is known
a-Tocopherol CRS is used inter alia as external standard in the gas chromatography to further oxidise into epoxy-quinones that in turn can dimerise and trimerise [1].
(GC) assay of the Ph. Eur. monographs for RRR-a-tocopherol and all-rac-a-tocopherol.  The chemical structure of a-tocopherol and some of its oxidation products is given
Theestablishmentofa-tocopherol CRSisparticularly challenging sincethesubstance in Figure 1.

Spirotrimer

Mass balance / gas chromatography Direct infusion mass spectrometry

The majo.r im.puritigs expegted to be present in a-tocopherol are of organic nature, i:e. related substances, because usually | | Direct infusion TOF-MS experiments were carried out using ESI and APCl in both positive and negative mode, focussing on
the contribution of inorganic matter, water and solvents to the mass balance s negligible. In this study, related substances | | the detectability of dimers and trimers. The best results were obtained using APCl in negative mode. Upon infusion of

were quantified using the corresponding GC test described in the Ph. Eur. monographs for RRR-a-tocopherol and all-rac- | | a solution of oxidised a-tocopherol, the m/z of dimers and trimers were detected, whereas these m/z were absent prior to
a-tocopherol. Interestingly, the aforementioned oxidation products are not mentioned as specified impurities or other | | oxidation. A typical mass spectrum of oxidised a-tocopherol is given in Figure 4.

detectable impurities in the monographs.
The chromatograms obtained upon injection of test solutions of a-tocopherol provided by a manufacturer and intentionally
oxidised* a-tocopherolareshowninFigure 2. Upon oxidation, the totalamountofimpurities, estimated by areanormalisation,

Figure 4: Mass spectrum of a-tocopherol after oxidation.
The signals due to dimers and trimers are highlighted (red circles).

was found to increase by about 1% and some additional impurity peaks were detected. However, employing squalane as Rt I e
internal standard the area of the peak due to a-tocopherol was found to decrease by about 5 %. The disparity between 3 asegrs T sin

increase of impurities and decrease of a-tocopherol appears to point at oxidation products either having a lower response 2

(unlikely) or not being detected by the GC method. a-Tocopherylquinone** was found to co-elute with a-tocopherol. GC/ ¥ (8577367 O

MS experiments could not elucidate the nature of the additional peaks nor pinpoint the location of other, known oxidation 0? | Ll | | | | ! | | | | | |

products in the chromatogram.

* Oxidation was performed in-house by exposure to air and heating. ** An authentic sample could be obtained.

Figure 2: GCanalysis of a-tocopherol before (left) and after (right) oxidation. 1= blank (sample solvent), 2 = related N U CI édal Md g n Eti cresonance SpECtrO m Etry

substance (impurity A), 3 = related substance (impurity B), 4 = a-tocopherol. Red arrows indicate additional peaks upon
Nuclear magnetic resonance spectrometry (NMR) experiments were performed on a 400 MHz instrument using deuterated

oxidation. . A . 2
1 00] 3 100 acetone as solvent.

Qualitative NMR

< 880 ) < 830 NMR spectra obtained for oxidised a-tocopherol are provided in Figure 5. Upon oxidation, additional characteristic signals
were observed in the 1D proton spectrum, most prominently in the chemical shift region between 1.5 and 3.0 ppm, and in
the 2D proton-carbon spectra. The nature of the signals remains however to be elucidated; it could be excluded that they

°-60] L JWJ\J \Md > are due to a-tocopherylquinone.
0o 300 00 a0 1200 000 ab0  &O0  sbo 1200 Figure 5: Excerpts of NMR spectra of a-tocopherol after oxidation.

-rom left to right: 1D proton spectrum; 2D proton carbon spectrum 1 (HSQC); 2D proton carbon spectrum 2 (HMBC); 2D
oroton carbon spectrum 3 (HMBC). Additional signals that appear upon oxidation are highlighted (red arrows and green

Liquid chromatography coupled to UV and MS ores).

In order to further investigate the oxidation, two LC methods were applied: bk u(’a N mL'JJ‘Jﬂ L | U’M i ’ﬂd‘ \\”,JJ,.M'\"*”“’ il
- a reversed-phase gradient LC method used by a manufacturer to assay a-tocopherol in a finished product, employing i ' T — T T
an Acquity UPLC BEH C18 column and a mobile phase consisting of water and methanol. TR | o [ iR S S
' AVl S | w B TR
- a normal-phase isocratic LC method reported to separate dimers and trimers of a-tocopherol [2], employing a Zorbax | I 1 . ) o Lo T P =y
Rx Sil column and a mobile phase consisting of hexane and dioxane. ol i1t = D M T L
. . . . . '» ‘HU “J w "«w M [ \,J;I‘V/v‘ ,N L‘ N — -0 ' 180 ;%0
The UV absorbance was monitored using a diode-array detector. Furthermore, the LC instrument was coupled to a time- | | |+ " |/[" 10l Tl W - . | =
of-flight mass spectrometer (TOF MS). Typical chromatograms of oxidised a-tocopherol are given in Figure 3. Apart from | | oo v v oo oo i SN R =

a-tocopherylquinone, the peaks were only tentatively assigned based on their UV and mass spectrum.

The reversed-phase method could detect and separate several, monomeric oxidation products; dimers and trimers were | | Quantitative NMR
however not readily detected. The normal-phase method on the other hand was able to detect and separate several dimers
and trimers, as well as some monomeric oxidation products. The difference in UV response and absence of authentic samples
of most oxidation products render quantification cumbersome.

Quantitative NMR (qNMR) was performed using an internal standard (1,2,4,5-tetrachloro-3-nitrobenzene). Only the proton
signal at about 2.6 ppm, corresponding to the -CH2- group of the dihydrobenzopyrane moiety closest to the unsaturated ring,

. . o . was found to be sufficiently separated to allow for quantification. However, due to slight overlap with other, minor signals the
Figure 3: LCanalysis of a-tocopherol after oxidation. Left: reversed-phase method; right: normal-phase method. 1= gNMR results were only considered to be an estimation. Since oxidation takes place close to the chosen protons, the signal is

eppxy—quino_neds., 2= a—tgcopherqupuinlsne,} + 4 = related sybstanceséim%uritieds AlanddB)’Is = g-tocopherol, 6 = semi expected to be selective for a-tocopherol vis-a-vis of its oxidation products. Comparing the content estimated by qNMR to the
quinones, 7 = dimers, 8 = trimers. Peak assignment is tentative except for the underlined substances. one estimated by applying mass balance taking account of the impurities detected by GC, the former content was found to be

46 I B R | lower (by about 5 to 6 %) for intentionally oxidised a-tocopherol, whereas it was within about 0.5 % prior to oxidation.
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Based on the results obtained, it appears that the content of organic impurities in a-tocopherol (RS candidate materials
may be underestimated applying the GC test for related substances of the corresponding Ph. Eur. monograph, if impurities
arising from oxidative degradation are present. Several independent methods including LC coupled to UV and MS, direct COUNCIL OF EUROPE
infusion MS and NMR were each found to provide complementary, qualitative information regarding the presence of

oxidation products. In addition, quantitative NMR seems to be a valuable tool for selective determination of the content m

of a-tocopherol. Correlation of the information obtained from each method and quantification of oxidation products is
complicated by the complex mechanism of a-tocopherol oxidation, the plethora of potential oxidation products present, for

most of which authentic samples are not available, and differences in UV response. Upon characterisation of a-tocopherol Furopean Directorate | Direction européenne

CRS candidate materials and monitoring of the fitness for purpose of the CRS, application of multiple, orthogonal methods for the Quality | de la qualité

in addition to the aforementioned GC test for related substances seems to be key in order to detect a potential bias on the of Medicines | du médicament

assigned content related to potential oxidation by-products. & HealthCare | & soins de santé CONSEIL DE 'EUROPE




Combining gNMR with LC-UV for better accuracy

European Directorate for the Quality of Medicines & HealthCare (EDQM), Council of Europe
7, allée Kastner, Cs 30026, F-67081 Strasbourg (FRANCE)

Introduction

gNMR: solution-state THqQNMR with a certified reference material (CRM) as an internal standard is a primary ratio method with universal molar response. An uncertainty level as low as 0.1 % can be obtained when certain criteria are respected (e.g.
pulse delay time, baseline separation and correction, integration region, signal-to-noise ratio, etc. [1]). The peak area of the analyte selected for quantification may include the contribution of related structure impurities (RSIs) which is a drawback in
gNMR. Signals due to water, residual solvents and inorganics (not detectable) are in general separated from the analyte signal, resulting in a % m/m“as is” content which requires a correction for included RSIs ,if any.

LC-UV: one of the advantages of LC-UV is its high selectivity; many Ph. Eur. monographs describe methods with full separation between the analyte and its RSls. One of the options to quantify such impurities is by using a dilution of a test solution
(e.9.0.1%V/Vor2.0% l//V) as an external standard. The result of % peak area RSIs is used as a chromatographic purity (CP) in calculating the mass balance (MB) result in % m/m“as is” content of the analyte in the sample:
MB = [100 — % m/m water — % m/m residual solvents — % m/minorganics] x (100 — area % RSIs)/100 (1)

It is proposed to use LC-UV results on RSIs to correct gNMR results in order to improve accuracy.

Experimental conditions Calculations in qgNMR

NMR: Content of X in % m/m = Ix/lis X Nis/Nx X Mx/Mis X ais/ax X Pis, (2)

Instrument; Ascend 400 MHz Avance Il HD Nanobay equipped with a 5 mm BBI probe (Bruker) where X stands for the analyte, | is the integral value, N is the number of nuclei, M is the molar mass, a is the amount
Software: Topspin 3.4 (Bruker) weighed and P is the purity of the internal standard (/).

Internal standards: TraceCERT® CRMs for quantitative NMR (Merck) Correction for RSIs found by LC-UV and overlapped in gNMR:

LC-UV: corrected content of X = qNMR content of X — (% m/m RSI X Mx/Mgrs1) (3)

Instrument: Alliance e2695 Separation Module with a 2487 Dual A Absorbance Detector set at 210 nm (Waters)

Software: Empower 3 (Waters) o s i

Stationary phase: Inertsil 0DS-2 column of 250 x 4.6 mm, particle size 5 pm An exam p I €. CI In da myCI N H CI

Mobile phase, flow rate, injection volume and temperature settings: see Ph. Eur. monograph No 0582 [2 , , , , ,
P J P ! P 2 The Ph. Eur. monograph on Clindamycin HCl [2] describes an LC-UV method for the evaluation of its RSIs by the 2.0 % V/V

dilution of a test solution. Three structures of potential RSls are given in this monograph: impurities A, B and C as depicted
Th e conce t in figure 2. The anomeric proton of clindamycin (see «~ in figure 2) was selected for quantification by NMR. The anomers

p of the impurities were expected to be (partly) overlapped by the main signal. Therefore the qNMR result had to be corrected
by subtracting the amounts of impurities A, B and Cas determined by LC-UV, which resulted in a slightly negative bias of 0.3
% with respect to the mass balance. Figure 2 shows the satisfactory separation of clindamycin and its RSIs by LC-UV and, in

NMR analyses of a folic acid (FA) sample had revealed the unexpected presence of about 0.2 % m/m of a small impurity

which could be characterised as pterin-6-aldehyde [3]. Figure 1a shows the chemical shifts of the two singlets caused by . s H | .

this impurity in the aromatic region of the NMR spectrum of FA which was zoomed in on the baseline. contrast, their overlap in the integration region of the NMR spectrum.

What if the singlet of proton P7 was overlapped by the FA signal as simulated in figure 1c? Then a gNMR result for FA R v <
No 7 would be overestimated and, subsequently, could be corrected with the aid of the amount of pterin-6-aldehyde as ocoe] |total RSls 1.45 area % S =
determined by LC-UV. Bearing in mind that gNMR displays universal molar response, one should subtract 0.2 X 441/191 ] s 2 =
= 0.5 % m/m (% m/m content impurity X Mra/Mimpurity) to obtain an accurate result. Small molecules give rise to higher 0.006- _B E3 2 §
integrals than large molecules at similar concentrations. S = 2 < S

Pterin-6-aldehyde Folic acid O % ;_il $

Peak 3 - 4.771
Peak 4 - 5.676

9 ? ! ° >/\/\ |

N P9 o ° N CO,H 0.002—

A NS g -
HzN R7

N~ °N | .
: HgN)\N NT 7 0.000
Mr=191 " / Mr=441 ‘

L

/> Peak 8 - 9.647

" 200 = aod = 600 800 1000 ~_12 00
13 \ 7/ IHNMR of folic acid in D,O nutes
\P7 Clindamycin HCI Imp.A Imp.B Imp.C
P3 CH3 CH3 CHs CHs
13c || B¢ H N HH N HH
CH3 CH, 2 N-Y “CH;
ﬂ/HO ﬂ/HO ﬂ/HO - ﬂ/HO
on N& 0 Von N &~
Hs;C HS\CH3
‘.JJ Mr=461 LC: 0.09% LC: 063/\ 0.36%
et
AR LR B I R B I
10 zoom/9 8 7 pPpm
= / —
1b 7 / 1c p7 — @ 'HgNMR of cllndamycm HClin D, O ?,
P7 i with broad band decoupling b
13C 13C = 3
— b
13C 13C — N -

i / -

- Anomeric proton
i A (doublet, see &)
Figure 1: NMR spectra of the simulated wu - :\(Isa;lelc e overlap of API, A, B,C
overlap of impurity proton P7 || Jo ) li.uv . - . » A, B,
| . J
W

by proton No 7 of folic acid. EAREEERERNLEELEE T T T [ T T T [ T T T
50 w88 86 84 8.8 8.6 84 [ppm] pa =
. — 2| N
N A=

I l 1 I I 1 I I 1 1 I l 1 I I 1 | I 1 1 I I 1 I

7.0 6.5 6.0 5.5 [ppm]

CO n c I u S i 0 n Figure 2: LC-UV chromatogram (top), structures of clindamycin and RSIs (middle) and gNMR spectrum (bottom).

Content of clindamycin HCl in % m/m:

. . . MB (1) found: [100 — % m/m water — % m/m residual solvents — % m/m inorganics] < (100 — area % RSIs)/100 = [100 — 3.89 — 0 —0.03] x (100 — 1.45)/100 = 94.7 %
gNMR results of analytes that are biased can be corrected by subtracting the contents of overlapped RSIs as determined by | i (2) found: 95.4 % correction for overlapped RSls, A+ B+ C (3): 954~ 1.0=94.4%  (ratio MyMas=1)

LC-UV. The information given in Ph. Eur. monographs on such analytes proved to be very helpful.
LC-UV and gNMR are complementary techniques; the combination brings about perfection.
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Abstract

The assigned value of USP’s peptide reference standards
(RS) is typically determined using a mass balance approach
iIn which the peptide of interest is quantified by HPLC assay
against an external standard.

To explore the suitability of alternative analytical methods to
assign values to peptide RS, the UPS Biologics Department
conducted a collaborative study. It aimed to evaluate the
accuracy and precision of quantitative nuclear magnetic
resonance (QNMR) spectroscopy, and amino acid analysis
(AAA), as compared to HPLC assay for the quantification of
the nonapeptide oxytocin.

The three methods provided comparable quantification
results for the high purity RS. It must be noted that if peptide-
related impurities had been present in significant percentage,
the assigned value would have required a correction, since,
unlike HPLC, gNMR and AAA cannot discriminate between
the target peptide and peptide-related impurities. The study
also indicated that the traditional HPLC method showed the
lowest inter-lab variability. Higher variability of gNMR
seemed to be related to the type of internal standard used by
the participating lab. The selection of a suitable internal
standard could help improve precision. In the case of AAA,
variability seemed to be linked to the type of quantitation
method and type of pre- and post-derivatization.

Results suggest that gNMR should be further explored as
potential candidate for primary method for peptide RS value
assignment. It measures peptides directly against an internal
standard, it is a simpler method to operate under common
laboratory conditions and it has shorter analytical time.

Results

Methodology

PARTICIPATING LABORATORIES
» Aspen Oss BV, Netherlands

» Australian Therapeutic Goods Administration
(TGA), Australia

» BCN Peptides S.A, Spain

» Health Canada, Centre for Vaccine Evaluation,
Canada

» Ipsen Manufacturing lreland Ltd, Dublin,
Ireland

» Pharmaceutical and Medical Device
Regulatory Science Society of Japan (PMRJ),
Japanese Pharmacopoeia Reference
Standards Laboratory (JPRS Lab), Japan

» Swedish Medical Products Agency (MPA),
Sweden

» National Institute for Biological Standards and
Control (NIBSC), United Kingdom

» National Institute of Standards and Technology
(NIST), United States

» National Research Council of Canada (NRC),
Canada

» University of Nebraska, United States

» US Pharmacopeial Convention (USP),
Reference Standard Laboratory, United States

» US Pharmacopeial Convention (USP),
Reference Standard Laboratory, India

» US Pharmacopeial Convention (USP), Global
Biologics Laboratory, United States

Testing material: Lyophilized USP Oxytocin
Reference Standard candidate

1D 'TH NMR Method

» Oxytocin 3.6 mmol/L

» Internal standards: 2, 3, 4 mmol/L caffeine, 2
mmol/L maleic acid or 0.05 wt % TSP-d4

» Acquisition: 30° pulse, 30-sec relaxation delay,
64 scans (Lab 3: 90° pulse, 50-sec relaxation
delay, 32 scans)

» NMR spectrometers’ magnetic fields: 300-700
MHz

AAA Method

» Oxytocin and samples in 6-12 mol/L HCI

» 110-115°C for 12-24h

» Quantification by LC-MS/MS with (isotope)
labeled and un-labeled Asp, Glu, Gly, lle, Leu,
Phe, and Pro standards or by LC/derivatization
with commercially available amino acids standard
used for quantification (nmol/mL)

HPLC Method

» Sample and Standards: 0.02 mg/mL

» Column: C18 (25-cmx4.6-mm 5-um), T: 25° or 40°C

» Gradient mobile phase (1.5 mL/min):
(A) Sodium dihydrogen phosphate 0.1 mol/L
(B) Acetonitrile and water (50:50, v/v)

» UV detection at 220nm

» Injection vol.: 100 uL

This study was aimed to evaluate the inter-laboratory precision
(reproducibility) of HPLC, gNMR and AAA methods for peptide
quantitation. Also, to evaluate the suitability of these three
methods for the quantitation of lyophilized peptide RS, oxytocin
In this study.

AAA and gNMR appeared to have higher intra-lab and inter-lab

Table 1. Statistical analysis (mg of oxytocin per vial)

variability, compared to HPLC (Table 1, Figure 1). All seven
labs performing HPLC used the same method (USP
compendial method). Five out of six labs performing gNMR
tests used similar analytical conditions and the same internal
standard (caffeine).

Although it has been reported that caffeine may be solvent
and/or concentration dependent, the results obtained in this
study indicate that it is a useful internal standard for
quantification of oxytocin in D,O solution. For this purpose,
caffeine was compared to maleic acid. Both resulted in
comparable oxytocin quantitation, but maleic acid provided
better within-lab precision. Moreover, malic acid displays one
well resolved singlet peak in an often signal free part of the
spectrum (Figure 2)

AAA results indicate that accuracy and precision are highly
dependent on the quantitation method. The LC-MS method

using '°C isotope-labeled amino acids as an internal standard

Is far superior to the derivatization method, but it is hard to be

adopted by pharmaceutical industry labs. Pre- or Routine post-

column derivatization methods have variability, reducing its
suitability for peptide quantitation.

AAA is widely used for peptide and protein quantitation.
However, a conclusion about using AAA for peptide quantitation
can not be derived from this study due to the low number of
participating labs (4) performing the test.

Analytical Mean 95% CI
method (mg oxytocin) (mg oxytocin) Source Variance SD %RSD
qNMR (n= 6 labs)
1.798 1.707 - 1.888  Reproducibility 0.0072 0.0851 4.73%
(lab to lab)
Repeatability 0.0011 0.0332 1.85%
(sample to sample)
AAA (n= 4 labs)
1.733 1.580 - 1.884 Reproducibility 0.0089 0.0942 5.44%
(lab to lab)
Repeatability 0.0009 0.0308 1.78%
(sample to sample)
HPLC (n=7 labs)
1.807 1.769 - 1.845 Reproducibility 0.00168 0.0410 2.3%
(lab to lab)
Repeatability 0.00015 0.0123 0.7%

(sample to sample)

Figure 1. Plot of individual data for the peptide
reference materials.

Figure 2. Comparison of 300 MHz "TH NMR Spectra of
internal standards and oxytocin. a) oxytocin, b)
caffeine, ¢) maleic acid, and d) 3-sulfolene.
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The complete information about this study is available in the
Journal of Pharmaceutical and Biomedical Analysis 166

(2019), 105-112. Please scan the following QR code to
download a copy or visit http://bit.ly/2SUGnxH

» This study demonstrates the use and suitability
of three distinct analytical methods for peptide
quantification: HPLC, gNMR, and AAA. The
HPLC assay (using the same peptide bulk
material as the standard) resulted in the lowest
inter-lab variability.

» The advantages of gNMR: (1) measuring
peptides directly, (2) it is easy to perform under
common laboratory conditions. Its accuracy and
precision can be enhanced by selecting
appropriate signals from the peptide or selecting
an internal standard that has non-exchangeable
and non-overlapping signals in D,O. The scope
of gNMR analysis can be also applied easily to
peptide reference standards packaged by
lyophilization.

» Unlike HPLC, especially LC-MS, gNMR is
generally not suitable for quantification of
product-related impurities. However it can detect
and quantitate non-product-related impurities
(e.g. solvents). In this study, the values assigned
by NMR and AAA were not corrected for peptide
related impurities, which in theory could

contribute a bias comparing with the results by
HPLC.

» The current study provides a promise for
compendial adoption of the gNMR methodology,
although it needs the development of validation
strategy and further exploration as a primary
method for peptide assay.
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Microcrystalline Wax: Identification of a
Falsified Bulk Material by GC-EI-MS and
GC-CI-MS

Naissa Bernardo!, Amanda Guiraldellil, Karen Gilbert?, Hong Wang?, Jeff Moore?3

1USP-Brazil RSL 2USP-Rockville RSE 3USP-Rockyville, Science Division
*Contact Author: KVG@usp.org

Methods

Abstract

Microcrystalline wax (MCW) is a refined mixture of solid saturated

aliphatic hydrocarbons obtained by solvent fractionation of the still 1 mg/mL of MCW bulk 5 mg/mL of MCW bulk
bottom fraction of petroleum by suitable dewaxing or deoliling. It is material in tetrahydrofuran material in tetrahydrofuran
predominately comprised of branched-chain hydrocarbons with = Cl

minor amounts of straight-chain and cyclic hydrocarbons. It is
used as coating and stiffening agent in cosmetic and
pharmaceutical formulations, and after further refining as a

masticatory substance in chewing gum base, protective coating, GAS CHROMATOGRAPHY PARAMETERS |
and defoaming agent in foods defined in the Food Chemicals *GC conditions adapted from a GC-FID method developed by USP-China R&D laboratory

Codex as “Petroleum Wax”. In an effort to modernize the USP— » Column: G27, VF-5ht UltiMetal with retention gap, 30m x 0.32mm x 0.10pm
NF monograph for MCW as an eXClplent USP haS been } Oven temperature program frOm 800C to 4200C (CI frOm 800C to 3500C)
investigating the use of IR as an identification test for this > Injector temperature: 400°C | |

excipient used in conjunction with a USP RS. To evaluate USP RS > Injection volume and mode: 2 pL splitless (CI: 15 pL split 2:1)

bulk candidate materials USP developed two GC-MS methods, » Carrier gas: Helium

using electron and chemical ionization. These methods were used
In addition to the current MCW USP-NF monograph tests to
characterize a candidate bulk material for USP RS development.

The bulk material passed the current monograph tests, while the GC-EI-MS GC-CI-MS

GC-MS methods identified the bulk material as being consistent (Gas Chromatography- Mass Spectrometry- (Gas Chromatography-Mass Spectrometry-
with paraffin wax instead of MCW because of higher than Electron '0”'2_""“0”) Chemical lonization)

expected amount of straight-chain alkanes compared to branched » Transfer line temperature: 370°C » Transfer line temperature: 350°C
alkanes in this material. Results of this study have improved our » lon source temperature: 230°C » lon source temperature: 250°C
understanding of the chemical composition of MCW, provided new » Quadrupole temperature: 150°C » Quadrupole temperature: 150°C
GC-MS tools for characterizing bulk materials, and pointed to the » Electron energy: 70 eV » Electron energy: 92 eV

need to strengthen the USP—NF monograph to ensure it can » Range (m/z): 15 - 715 » Range (m/z): 42 - 850

distinguish MCW from other wax materials in the marketplace. » Reagent gas:. Methane

Results

Three series of alkanes were observed in the microcrystalline wax bulk material: [M-H]*

¢ Straight chain alkane N
¢ Branched chain alkane =
O
¢ Branched/cyclo alkane G g
N e Straight chain alkane C40 () 4
= "
......... T s
............. U 0(')7.5; gﬁ I 1272 1412 155.2
fTesen e (D sz gi 1092 1832 Lo, 2112 2252 239.3 2533 75 2813 2053 :
1112 . 0055; gi ‘ ‘ 3 %t ‘ : ‘ : ‘ : ‘ 4 4214 4354 4494 4635 47‘7.5 4915 5055 195 533.6 54.’-;5
] eieit 20 ] ol .l j\ L O P o A O O O W \\\ o ‘\‘Msgéhslb !565‘60 ‘5“;-0\“
1,0?: . . g . . o Fi8 § s 8 % (:; | 50 60 70 80 90 100 110 120 130 e A
ZOZE ¢ é D § ....... g 0;; 1411 :
0072 ¢ g : * § 6-} 155.1
0042: 1: g g § 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270C2Oi(:“:€\)l(; 'I;anssi‘:)(?ciio 3::0 3)40 350 0 560 57
t it | s
: %ﬁ@@bbg [M-H]'
:ZE . (f) :; ' : 5615’."
o 12 ; B, 2' *
S O
. . . x10% 4 Scan (rt: 21.683-21.722 min, 6 scans) B ranc h ed C h a.l n al kan e C4O O 1.28;
Figure 1. Full view of the total ion chromatogram R T T e Oy
(TIC) acquired on MCW and representative MS . 2. i &
spectra of straight chain and branched chain alkane L] = ;
(EI-MS and CI-MS). o o :
LD 4i i 155.21692183'21972211‘2 2202 239'2253'3267'3281.22953309'3323.3 337.3 5. , 3654 3704 39344074 5255
> 0:, : ‘ ;m“ “‘m{ L‘m\“‘.‘\‘\‘\‘h 2 u“\ b ' mh;m il ! 0 Il L T .. .'l477'.5491.5505.5 "ij‘s ,”h‘“l;'
‘17 T 169.1 b e 238.2 253.2 ( : ) M0+
GC-EI-MS KEY POINTS GC-CI-MS KEY POINTS STANDARD CO-INJECTION PROPOSED DEFINITION
Branching chains cause a » [M-H]+ showed up in high » Retention time and MS » MCW is composed from a complex
decrease in M*® abundance in the MS spectrum fragmentation profile of straight mixture of: Csyc <120 Hopso With an
» Typical series of C,H,..,., contributing tc_) assign the chain _alkane In M(_:W bulk | average carbon chain length _of Ce
fragment ion for straight molecular weight of alkanes. material match to its respective » Predominantly branched-chain
chain alkanes and to a lesser n-alkane straight-chain standard hydrocarbons.
extent the series of C H,,,* (C7-C40) co-injected. » Molecular weight: from about 400 to

1700 with an average of 700.

Conclusions & Next Steps

All these observations and strategies supported the » The bulk material passed the specified testing In ACKNOWLEDGMENTS

assignment of the alkane content in the bulk material under the microcrystalline wax monograph, however this  We specially thank Kelly Sakiara, Wanderson

Investigation, and confirmed the presence of an unexpected testing showed that the monograph specifications Guimaraes, Bruno Horta and Bruno Rondon for

high amount of straight-chain alkanes instead of branched for Paraffin and MCW need to be strengtened. supporting this research at USP-Brazil site.

alkanes. The bulk material candidate was characterized as

paraffin wax instead of MCW. The strategy of using Cl, a » The GC-MS results were reported in a REFERENCES

“soft ionization” technique contributed to the confirmation of stakeholder meeting between USP and a trade 1. Huang, H.; Larter, S.R.; Love, G.D. Analysis of

the molecular weight for the identified alkanes and provided organization. The member companies of this wax hydrocarbons in petroleum source rocks from

evidence for the assignment of their classification as linear organization demonstrated great interest in the the Damintun depression, eastern China, using

versus branched. In coordination with the data acquired with results and further collaboration with USP to high temperature gas chromatography. Organic

GC-EI-MS, the Cl results showed that there were only a understand better the composition of Geochemistry, v.34, p.1673-1687, 2003.

minimal amount of branched alkanes. This work contributed Microcrystalline Wax. Four companies are 2. Barker, A. The chromatographic analysis of

to the selection of an appropriate bulk material and in currently working with USP on a Round Robin refined and synthetic waxes. Chapter 3:

providing an authentic public reference standard. study for composition determination of Chromatography in the petroleum industry, v.56,
Microcrystalline Wax excipient products. 1995.
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To Determine Handling Conditions
through Hygroscopicity Study: USP
Clarithromycin RS

Sivaleela Tallagadda*!, Partha Mukherjee!, Douglas Wood?, Ravi Reddy?
U.S. Pharmacopeia: 1RSE-India, “RSE-Rockville

*Contact author: SZT@usp.org

Abstract

Hygroscopicity is a physicochemical
property describes the ability of a
material to take up moisture from
surrounding atmosphere.

USP Clarithromycin Reference Standard
(RS) lot RO7810 bulk was packaged in a
glove box at NMT 10% relative humidity
(RH) as Dynamic Vapor Sorption (DVS)
results showed the material Is
hygroscopic. The water content in the
packaged vials was found to about 0.6%
lower than that of the bulk material,
which was used during the collaborative
testing. The water content appears to be
dependent on the ambient lab %RH at
which the test was conducted. This
change in water content would affect the
assigned value as the RS is used on the
as Is basis. Hence, to evaluate
appropriate handling conditions for the
use of USP Clarithromycin RS, static
vapor sorption experiments at specific
%RH (10%, 20%, 30%, 40%, 50% and
60%) levels were performed. The weight
changes were monitored at each %RH
level till the sample reaches to
equilibrium (approximately for 1 hour).
Finally, water content was performed by
Karl Fischer (KF) at each level for the
equilibrated samples.

Static vapor sorption profiles of %
weight change versus time at 10%,
20%, 30%, 40%, 50% and 60% RH
levels showed sample was equilibrated
at each level in <10 min. Hence, 15 min
vial equilibration time was selected to
handle this RS.

Introduction

Hygroscopicity is a physicochemical
property describes the ability of a
material to take up moisture from
surrounding atmosphere. These studies
usually performed to determine handling
requirements and the need for drug
substance potency calculations in
guantitative methods.

Fig 1. Clarithromycin

Clarithromycin is a macrolide antibiotic,
Fig 1. USP Clarithromycin RS is used
as an assay standard, lot RO7810 bulk
was packaged under glove box, NMT
10% RH based on the DVS results, Fig.
2. The water content performed for the
packaged vials was found to be less
than that of the bulk material, which was
used for the collaborative testing. The

Methodology

A glove box was equipped with a
coulometric Karl Fischer (KF) titrator and
a microbalance, a dry-air inlet, and a
humidifier.

The glove box was equilibrated to a
target humidity level (10%, 20%, 30%,
40%, 50% or 60% RH) by introducing a
weak, constant flow of dry air into the
main chamber and using a humidistat
(3% RH accuracy) to power the
humidifier on/off when humidity readings
were below or above a specified range.

The water content values obtained by
KF were plotted against the %0RH. At
each %RH level the water %w/w values
were determined from the linear
regression equation. This is to determine
the appropriate handling humidity range
needed and to ensure the assigned
value is accurate. Based on the results,
20% to 40% RH was determined to be
the preferred handling range. The water
content of 0.90% w/w obtained at 30%
RH level was used in the assigned value
calculation. The allowed water content
range was set at NMT +£0.2% based on
the use of USP Clarithromycin RS as an
assay standard. This requires that the
water content should be within the range
of 0.7% to 1.1%, which will be within
+0.2% from the 0.90% w/w water value
used in the assigned value calculation.
The %w/w water content results
determined from linear regression at
20%, 30% and 40% RH were found to
be within the acceptable range of 0.7%
to 1.1%.

Based on the overall study, appropriate
handling conditions “After opening, allow
to equilibrate to room temperature for at
least 15 minutes within a range of 20%
to 40% RH. Do not desiccate, handle
between 20% and 40% RH. Discard
unused portion after opening” were
recommended to the customers to
ensure that the assigned label value is
appropriate when the USP
clarithromycin RS is used on as is
basis.”

water content was found to be
dependent on the lab %RH which would
affect the assigned value. Therefore,
hygroscopicity at specific %RH (10%,
20%, 30%, 40%, 50% and 60% RH)
levels and weight changes of sample
from packaged vials were monitored at
each %RH level till the sample reaches
equilibrium (approximately for 1 hour).
Finally, water content was performed by
KF at each level for the equilibrated
samples.

Fig 2. Dynamic Vapor Sorption Isotherm
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A sealed vial containing clarithromycin
that was present in the equilibrated
humidity chamber was opened and the
contents were immediately transferred
Into a tared cup on the microbalance.
Weight and %RH values were recorded
Immediately and at subsequent regular
time intervals. Samples were then
analyzed by KF after equilibration
occurred (after approximately one hour
of weight monitoring).

Conclusions

Static vapor sorption profiles of %
weight change versus time at 10%,
20%, 30%, 40%, 50% and 60% RH
levels showed the sample gained
weight for <10 minutes at each %RH
level and after that the weight change
was negligible, Fig. 3.

Based on this study 15 min vial
equilibration time was selected to
handle this RS.

The water content values obtained by
KF were plotted against the %RH,
Table 1 & Fig. 4. The plot showed water
content results were dependent on the
%RH.

Based on the results, 20% to 40% RH
was determined to be the preferred
handling range.

The water content values obtained by
KF at 20 to 40% RH were plotted
against the %RH, Fig. 5. The water
%w/w values were determined from the
linear regression equation, Table 2.

The assigned value was calculated with
the water content of 0.90% w/w
determined at 30% RH level from linear

Results

Fig 3. Weight change vs Time at various static
RH levels (10%, 20%, 30%, 40%, 50%, and 60%
RH)

% weight change

1

Fig 4. KF data vs Static RH level (10%, 20%,
30%, 40%, 50%, and 60% RH) from all
determinations.

Clarithromycin Lot R07810
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Water Content by KF (Yow/w)

regression equation. The allowed water
content range was set at NMT £0.2%
based on the use of USP
Clarithromycin RS as an assay
standard. This requires that the water
content should be within the range of
0.7% to 1.1%, which will be within
+0.2% from the 0.90% w/w water value
used in the assigned value calculation.

The %w/w water content results
determined from linear regression at
20%, 30% and 40% RH were found to
be within the acceptable range of 0.7%
to 1.1%, Table 3.

Based on the overall study, appropriate
handling conditions “After opening,
allow to equilibrate to room temperature
for at least 15 minutes within a range of
20% to 40% RH. Do not desiccate,
handle between 20% and 40% RH.
Discard unused portion after opening”
were recommended to the customers to
ensure that the assigned label value is
appropriate when the USP
clarithromycin RS is used on as is
basis.”

Table 1. KF Results for Equilibrated
Samples from 10% to 60% RH

Water content from KF

7oRH (% wiw)
10.2 0.43
11.2 0.45
11.4 0.48
20.5 0.67
20.1 0.66
23.2 0.80
30.5 0.90
32.3 0.91
28.7 0.96
41.4 1.09
39.5 1.05
40.4 1.21
51.5 1.22
49.8 1.26
50.6 1.36
62.1 1.41
60.8 1.34
60.4 1.45

Table 2. KF Results for Equilibrated

0.00 T T T T T T T T T T
10 15 20 25 30 35 40 45 50 55 60
Relative Humidity (%)

@ Determination 3

@Determination 1 @ Determination 2

Fig 5. %RH vs KF results

Clarithromycin Lot R07810

1.4 +

1.2 A
R*>=0.9029

[EEN
1

& KF result

——Linear (KF re

Water Content by KF (%ow/w)

15 20 25 30 35 40 45
Relative Humidity (%)

%RH = (% water — 0.2732)/0.0209

y = 0.0209x + 0.2732

65 Samples from 10% to 60% RH

Water Water values
(% w/w) (Yow/w)
10.2 0.43 0.70
11.2 0.45 0.69
11.4 0.48 0.76
20.5 0.67 0.91
20.1 0.66 0.95
sult) 23.2 0.80 0.87
30.5 0.90 1.14
32.3 0.91 1.10
28.7 0.96 1.12
41.4 1.09 1.14
39.5 1.05 0.70
40.4 1.21 0.69

Table 3. Water content determined from linear regression equation

Water %w/w

Calculated assigned value (ug/mg) from water %w/w

%RH determined from (includes Organic Impurities, Residual Solvents, ROI)
linear regression (Label assigned value is 984 ug/mgq)
20 0.69 986
30 0.90 984
40 1.11 982
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Revisit to the molecular structure of USP
Kanamycin Sulfate RS

Subramanya Gupta Sreerama*, Thomas D. Fink, Steven Rau
U.S. Pharmacopeia *Contact: sgs@USP.org

Abstract Introduction

Antibiotic reference standards are widely used in the differences between the dried and undried Kanamycin is a broad-spectrum antibiotic produced network of hydrogen bonding with the sulfate
pharmaceutical industries, to ensure the quality of material. Solid-state NMR spectra of both the by Streptomyces kanamycetius, the sulfate salt of oxygens?. It is very difficult to remove the crystalline
drug substances and drug products. The chemical materials showed minor, but readily detectable, Kanamycin is used to treat gonorrhea, salmonella, water, for this sample needs to be dried to constant
ldentity is an integral part of the USP RS Certificate; differences in the 13C spectra due to the loss of tuberculosis, and many other diseases. Historically, = weight at 170°C under vacuums3. Hence ,we have
which provides the molecular structural details of water molecule. Interpretation of all these analytical the USP Kanamycin Sulfate RS molecular structure  undertaken the task of determining the structure
the reference material. Kanamycin Sulfate is known data suggests that the USP Kanamycin Sulfate RS has been referenced as the anhydrate form. In our and confirming the presence of water molecule in
to exist as monohydrate. In this study, water content contains a water molecule that is tightly bound in a recent literature search it was revealed that the Kanamycin Sulfate RS using modern solid state
was determined at elevated temperature (170°C) to  network of hydrogen-bonding with the sulfate Kanamycin Sulfate is a monohydrate referred to as  techniques.

verify if the water content was at least equivalentto  oxygens. The loss-on-drying conditions in the Kanamycin Sulfate, although water molecule (1:1

theoretical monohydrate content (3.0% w/w) in the monograph [3 hours at 60°C under vacuum (5 mm mole ratio) is known to be present in the

USP Kanamycin Sulfate RS. The Loss on drying Hg)] have been shown to be insufficient for materialt. The water molecule is tightly bound in a

and elemental analysis results, supported by the complete removal of moisture content from the

data obtained from thermogravimetric analysis material. The presence of crystal water in USP

(TGA) and differential scanning calorimetry (DSC), kanamycin sulfate RS molecule has no impact on

Indicate that the USP Kanamycin Sulfate RS the compendial uses and the value was assigned
contains a water molecule which is tightly bounded  taking into account LOD.

In the crystal lattice. Powder X-ray diffraction

experiments produced a significantly different

Results

XRPD pattern for dried material (6hr @ 170°C) vs. o » Powder X-Ray Diffractions (As is) » Solid State 13C NMR (As is )
undried material, and showed that the crystal lattice .. ., o ol N ) |
was disturbed due to the loss of water molecule. To /. '\ THSO, HO [ o X00182 he {‘ LoTROLIE0
study the role of the bounded water molecule in the . A NN | e T | T |
crystal lattice in more detail, solid-state nuclear RN —Q ------- / {l . ) | ) " .
magnetic resonance (NMR) was used to examine Yo i Yon o IJ-,‘_ b} monohydrate T R e T N SRR
A IRV Y L T YV N SRy L ¥ U WY DT W WV P SN
H As is 1 LOT R0O88KO
LOT RO88KO | |
) Yy J\J b ,'IJL. L “‘i | 1 : I — |
“I,‘ le\ M |'L !l ‘l ‘ l".,)' l‘.\ |‘ I“I JI“| .-'l‘ lh' l‘ll |'||, " 1
| . LOT R0O1190 e — ‘“.“T“'T”'“T‘“T’T"”T'“j’f’l I B I\MT‘
M et h O d S | 5- — i ; ) Sama— ﬁ e As is | X000183
' ' egrees Tu The H Monohydrate
| | I \"L‘ ‘|"| L) |
| /| I lt»'ll"J | M ."l l"-‘ll \ ."“" ||‘|
» Powder X-Ray Diffractions (Dried @ 170°C) el e ) U Ve e e b e
DATA VERIFICATION S
J‘ X00182 Asts | e hofdorlji
anhydrate |
» CAS Survey and Compendia Cross Reference ) | | "| I "'“l N |
Il|| X00183 ‘ll |“‘. ." ||‘ ||t| ||I L||I ||‘|u| | I||II I||I ,'H'ul ||I ||ﬂ|| '. ||‘|
EP BP IP USP ! vt U M M Mmoo | ) Yt ) )
_ Kanamycin : : . LOT R088KO
Monograph Title Monosulfate Kanamycin Sulfate Kanamycin Monosulfate =~ Kanamycin Sulfate N o I W |
| » Solid State 13C NMR (Dried @ 170°0C )
Formula CgH3gN,O:S * H,O CigHgN,O0eS e H,O CgH3N,Oy; * H,SO,* H,O C,gH;:N,O4; * H,SO, | T . | | HOTROLED
| 5 0 - 15 - 20 -is - - 0 | ¥ - | 40 hots | ROlLl?B-(g
Molecular Weight 601 601 600.6 582.58 — ! LN e
| | CLRLT) T T |
1 — AT L
CAS No. 25389-94-0* 25389-94-0* 58207-20-8** 25389-94-0 » Powder X-Ray Diffractions Lot R01190 at ' R
Form Monohydrate Monohydrate Monohydrate Anhydrous various Temperatures e | f\ h ROBBKO
Loss on Drying Dry at 60°C for 3 hours under reduced pressure (about 5 mm mercury) — ¥ A || i I _,,l'l., i ) "r"u”luf'u ,""1 Ll H
M LOT R01190 ptiiiessiicccnt: st aiicn NN il
. .“IJJ, I-‘U !'“LL.M .II'"I'»H_Jw'II'u"'u'h:'.,n_h_.r-,r-'-:'n-w_n E“w 105 100 95 0 85| 80 75 70 65 60 55 50 | 45 40  ppm
Acceptance NMT 1.5% NMT 1.5% NMT 15mg/g (1.5%) NMT 4.0% I — R e @ | - om0
— A - A A0 C ] N
Assay 750 1U/mg (dried 750 1U/mg 750 1U/mg ML 79 gkt . LoT oty 1 W G0
. . _ _ (calculated on - v e M A vl Jigl I\ PWUWLL L MU
Specification substance) (dried substance) (dried substance) dri : I LOT RO1190 B iienst et oot
ried basis by HPLC) A IV S WA N, DU I U UL CLht e
* CAS No belongs to anhydrous. : 5 ) " Dugeen Two et ) ) ) )
** At present Scifinder deleted this CAS number and replaced with 5965-95-7.
» USP RS Lot R01190 analytical data at the time of release » Loss on Drying at Various Temperatures » KE Test
- Elemental apaly5|s/Counter-|on - Do not m;atch with theoretical (C§H36N4Ou- H,SO,) Samole Name LOD @ TGA@ LOD@ LOD @ KE Method Ic
- Loss on Drying =2 0.2-0.7% (w/w) (Dry at 60°C for 3 h under vacuum) P 60°C 3h vac. 170°C 150°C 6h  170°C 6h (Oven temp 170°C)
- Water content (KF) - Not successful (<921> method la & Ic) P—
USP Lot R01190 0.32 3.74 1.76 3.43 2.81
USP Lot RO88KO0 0.72 4.15 2.50 3.85 3.48
[ESTING STRATEGY X000182 (anhydrate) 0.51 3.62 2.06 3.67 2.84
_ N X000183 (monohydrate) 0.69 4.03 2.31 3.50 3.20
» External samples in different forms: » Testing Conditions | T
X Theoretical water content value for monohydrate (C,gH35N,0::S * H,0) = ~ 3%
- Sample X000182 — Anhydrous Test Conditions
- Sample X000183 — Monohydrate —_ Asis . Dried @ 150°C. Dried @ 170°C
. sis, Drie , Drie _ . .
» Tested USP Kanamycin Sulfate Lot R01190, » CHN Analysis (Dried @ 170°C) » CHN Analysis (Anhydrous)
Lot RO88KO and Samples: o
 Elormental aned Sisp( CHN), LOD and an Losson Dy @ 150°Cfor6h Theoretical USPLot USPLot  USPLot USPLot  X000182  X000183
y ) Dine Y @ LAUTC el e % Anhydrous R01190 R088KO  RO01190 RO088KO (anhydrate) (monohydrate)
orthogonal KF coulometric oven method Dry @ 60°C for 3h under vacuum
<921> Ic used for characterization. C 37.11 37.15 36.82 36.56 36.63 36.59 36.56
- The advanced solid state techniques such TGA As is H 6.57 6.68 6.60 6.58 6.55 6.61 6.56
as SSNMR|solid state NMR, DSC-TGAand  gsNMR  Asis, Dried @ 150°C, Dried @ 170°C N 9.62 9.65 9.39 9.25 9.37 9.24 9.27
XRPD used for confirmation.
PXRD As is, Dried @ 150°C, Dried @ 170°C S 5.50 5.52 5.45 5.39 5.41 5.44 5.41

Conclusions

» Based on the analytical test results presence of » We have submitted our recommendations to REFERENCES 3. Kanamycin and Processes for the Preparation
water molecule in the USP RS has been Scientific Liaison to updated the Chemical 1. Crystal Structure, conformation, and absolute Thereof; U.S. Patent 2,931,798; Patented Apr.
confirmed. ldentity in the Kanamycin Sulfate Monograph configuration of kanamycin A; Yoram A. Puisu, 5, 1960. Hamao Umezawa, Kenji Maeda, and

» Chemical Identity (Molecular Formula, and align with the other compendia (EP/BP/IP). et al; Carbohydrate Research 341 (2006) 2871- Masahiro Ueda, Tokyo Japan.

Molecular Weight, Structure and CAS No.) of 2875.
the Kanamycin Sulfate in the USP RS 2. The Chemistry of Kanamycin; Annals New York
Certificate (lot R0O1190) has been revised. Academy of Sciences; M. J. Cron, et

al. Research Division, Bristol Laboratories Inc.,
Syracuse, NY.
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Loperamide Related Compound F

A Case Study for the Application of Organic Solid State
Techniques In USP Reference Standards Characterization

Fablian Jameison
U.S. Pharmacopeia Contact: FJ@usp.org

Abstract

2ERIES

Organic solid-state techniqgues (Dynamic vapor sorption, X-
ray powder diffraction, Differential Scanning Calorimetry,

characterization of a replacement candidate for Loperamide
Related Compound F using solid state techniques will be
provided as a case study. The analysis will illustrate how
these techniques may be applied to provide critical data on
the solid-state attributes of the candidate lot and the current
lot of USP Loperamide Related Compound F RS.

Infrared spectroscopy, Thermogravimetric analysis, and content for the candidate (about 6%) and the e e
Hot-stage m_icro§copy) are extensively us_ed ?n the current lot (about_ 1%) [see Table I]. These -q.q\\l \ ﬁmﬂm f\ \'ﬂ
pharmaceutical industry for the characterization of drugs differences are significant enough not to be wi |\ Dy Tl L AR TLAATR IV IS8T A W

, S : : o~ N TN A R U N
and drug products. As part of USP’s continuing global simply due to poor peak resolution. Another T EPENE TR RS
mission to deliver “highly characterized” and high-quality reason for the difference in the spectra is due ﬁ I fMJ ;
reference materials, the organization has increased its use to the morphology of the two materials. I f ’I |
of solid state techniques in the development process. The XRPD analysis of the candidate and current NN I

¥ N
o
Cl

Cl

Conclusions

Based on the solid-state data, the following conclusions
may be drawn:

» The candidate and current lots of Loperamide related
compound F are different polymorphs.

» The current lot is amorphous in morphology and exists as
the anhydrate.

» The candidate is crystalline in morphology and exists as
the 9/4 hydrate. In the crystal structure, there are endless
chains in the b-direction (plane). The water molecules are
hydrogen-bonded in the lattice, and is shown to have
partial occupancy. As a result, the stoichiometry is not a
whole number.

REFERENCES

(1) O.M. Peeters, N.M. Blaton, C.J. De Ranter, Acta
Crystallographica, Section C: Crystal Structure
Communications, 1996, 52, 2100.

The differences in the spectra (highlighted by
red arrows) are due to the different water

lot indicates that the candidate is crystalline,
while the current lot is amorphous.

Table |. KF values for the candidate and current lot

Figure 1. ATR overlay spectra for the candidate and current lot.
Differences in the spectra are shown by the red arrows.
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Dynamic vapor sorption analysis was
performed for undried samples of the current
lot FO17RO0 (Figure 3 — upper panel). The
sample showed an 8.4% water uptake from
5% RH to 95% RH at 25° indicating that the
sample was hygroscopic. Based on the pre-
and post-DVS and XRPD data, no form
change was observed after the DVS
evaluation (Figure 3 — lower panel).

The mean D, for the candidate was found to
be 8.9 um, with a narrower particle size

distribution ranging from 0.23 to 144 um. The

particle size distribution profile is shown In
Figure 4 — top panel.

The mean D, for Lot FO17R0 was found to
be 312 um, with a wider particle size

distribution ranging from 90 to 689 um (Figure

4 — bottom panel).

These differences in the particle size
distribution between the candidate and the
current lot could have an impact on the
solublility characteristics of the candidate in
certain solvents.

15 20 25 30 35 40
2Theta (deg)

50 60 70
Target RH(%) 5 curtice s

Measurement Systoms Ltd UK 19952013

2000 —

1500 —

Intensity (counts)
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. Sample Name, A KF Water uptake by DVS  Form change
I n t r' O d u Ct I O n Sample ID PPEATANCE  \vater content (5% RH — 95% RH) after DVS
6.35%
Loperamide related compound F [I] (also known as Loperamide RC F, White powder 6.18% 4.6% No
Loperamide oxide), is a prodrug of Loperamide [l1], which is Sample Lot RO89CO
a specific, long-acting anti-diarrheal drug.! Loperamide 6.04%
related compound F is used to support the Assay and Average 6.19%
Organic Impurities test methods in the Loperamide
Hydrochloride Tablets monograph. It is used quantitatively 1.32%
as an impurity standard, and qualitatively as an elution Loperamide RC F, ,
marker and resolution probe standard. Loperamide related Stanpdard Lot Fo17Ro  VVnite powder L 8.4% N
compound F is known to exist in different polymorphic forms 1.36%
(hydrates) and morphology (crystalline and amorphous). It
IS essential to know the form of the reference standard Average 1.36%
being used as different polymorphs can confer different
physicochemical properties, which in turn could impact Dynamic vapor sorption analysis was
attributes such as solubility and particle size. Those erformed for undried samples of the o
differences could affect a customer’s use of the cl::’andidate (ROS9CO) (Figure 2 — upper panel)
standard. This study examines the characterization of the Thee seimple ciowes. @ A6% neie; UEEle '
current and replacement lots of Loperamide related e om 5% RH o 95% RH.at 25° indicating that
compound F using organic solid-state technigues. . s
the sample was hygroscopic. Based on the
pre- and post-DVS and XRPD data, no form
change was observed after the DVS BTN orovs
evaluation (Figure 2 — lower panel). The data .
‘ N o alsglsur?gdest that the candidate may be a = JLJW J
N ‘ Vb stable hydrate. | Fiqure 2
.CH; W o OH . ’ ; ”'A”‘"'J lllllllllll D\?S and XRPD for

the candidate

Figure 3
DVS and XRPD for
the current Lot.

Figure 4

Particle size
distribution for the
candidate and
current lot.



	Rodtjer Anja Novo Nordisk
	Volovyk poster
	Leontiev_ Poster_A0
	matejtschuk et al EDQM poster final
	Poster Bio Ref Prep hepatitis A0
	Poster Bio Ref Prep hepatitis A0
	Poster EI A0
	Poster Orthogonal Methods A0
	Poster qNMR A0
	Peptide Atouf USP
	Slide Number 1

	microcrystalline was Moore Jef USP
	Clarithromycin Corbin USP
	Reddy Ravi Kanamycin USP
	Loperamide Chang Holly USP


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




