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Quality on the Move : Dynamics of the European Pharmacopoeia

Moderators : Prof H De Jong & Prof J Miller
Presentations :
“Assay CRS : Establishment strategy & their use” by Dr U Rose

“Impurities & system suitability mixtures as reference
substances, needs, constraints & reality” by Dr A Lodi

“Industry Viewpoint” by  Mr T Bourquin

Pharmaceutical Reference Substances

Proposed General Chapter
“Pharmaceutical Reference Standards” 5.12

Pharmeuropa 16.3 (2004)

Assay Standards
• Non-specific vs Selective assays
• Assay standards for pharmaceutical preparations
• Assay standards for herbal substances & products
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• Replacement of reference spectra by reference
standards

• Application of ICH impurities guidelines to the
Pharmacopoeia - the implications

• System suitability criteria for selectivity &
performance (column equivalency)

• Unequivocal identification of impurity peaks
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ESTABLISHMENT AND USE OF ASSAY CRS

 Ulrich Rose
EDQM

Ulrich Rose, Quality on the move, Budapest 2004 2

Content of the presentation

• Classification and definition
• Testing
• Examples
• Assignment and use
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Reference substances
Establishment of new CRS
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Classification

• Chemical reference substances - 
Biological reference preparations

• Primary standards - secondary standards
• Classification according to intented purpose :
- Identification
- Test for related substances
- Assay

Ulrich Rose, Quality on the move, Budapest 2004 5

Definitions and Guidelines (1)

• General Chapter 5. 12.
 Pharmaceutical Reference Standards
«! A European Pharmacopoeia chemical reference

substance is a chemical compound or mixture of
compounds, which has been established for use
as a standard in an assay, identification or purity
test as prescribed in a monograph and which is
considered as a primary chemical reference
substance!.!»

Ulrich Rose, Quality on the move, Budapest 2004 6

Definitions and Guidelines (2)

• Ph. Eur. assay standards for
physico-chemical use are
considered as « primary
standards»
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Extent of analytical testing

- CRS used for identification or in the test for
related substances:

     EDQM- laboratory

- CRS used in the assay:
     Collaborative trial normally including five

laboratories: group of experts, OMCL’s,
manufacturer, EDQM laboratory
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Requirements

• Except in rare cases the CRS must comply
with the requirements of the monograph

• No special purity required
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Assay standards

• Assay methods in which a CRS with
declared content is used :

- UV spectrophotometry
- HPLC
- GC
- Microbiological assay
- Bio- or immunoassay
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Procedure for the establishment
of assay standards (1)
• Verification of the structure of the candidate CRS

by IR-spectrophotometry, NMR and mass
spectrometry

• Verification of compliance with the monograpgh
requirements

• Additional tests, such as residual solvents, DSC,
non aqueous titration
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Procedure for the establishment
of assay standards (2)
• Elaboration of a protocol (method specific approach)
• Filling of the complete batch
• Verification of the protocol in the EDQM laboratory
• Dispatch of the protocol and samples to the participants

of the trial (usually in cool boxes by express delivery)
• Realisation of analyses
• Preparation of a consolidated report by the project leader

(usually EDQM laboratory)
• Presentation of this report to the group of experts

concerned and then to the Commission
• Adoption of the CRS
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Assay standards
• Example HPLC assay
The protocol for the collaborative trial requires the following determinations:
- Loss on drying or semi-micro determination of water (or coulometry)
- Quantitative determination of the impurities by HPLC
a) Quantification using the impurities themselves provided they are used as

CRS  (external standard)
b) Quantification using a dilution of the test solution as «!external standard!»,

if necessary applying a correction factor in case of different detector
response

- Residual solvents by head-space GC
-                  In addition absolute methods such as:
- Non aqueous titration, DSC, PSA  (phase solubility analysis)
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Assay standards
• Example HPLC assay
System suitability requirements in the protocol:

- Maximum rsd or sd for water determination or LOD
- Resolution test in HPLC
- Symmetry factor between 0.8 and 1.5
- Repeatability requirement for the area of the principal

peak of the reference solution (5 %)

Ulrich Rose, Quality on the move, Budapest 2004 14

Assay standards
Problems encountered: e.g. Spirapril HCl

Protocol:
«!…the relative retentions with reference to

spirapril (retention time about 10 min) are:
impurity C about 0.6, impurity B about 0.7,
impurity A about 1.26, impurity D about 1.38!»

(Impurities B and D are identified using
spirapril for system suitability CRS)

Ulrich Rose, Quality on the move, Budapest 2004 15

Assay standards
Problems encountered: e.g. Spirapril HCl

Table of results

Test Lab 1 Lab 2 Lab 3 Lab 4 Mean
Semi-microdetermination

of water
(n=3)
rsd =

3.56%

0.1%

3.83%

0.3%

3.52%

1.5%

3.42%

0.3%

3.58%

n=4
SD=0.17

Related substances determined
by LC
Impurity A Not detected 0.12%

(RRt=1.35)
Not detected Not detected

Impurity B 0.12% 0.11% 0.13% 0.02%
Impurity C Not detected 0.03% 0.03% Not detected
Impurity D 0.10% 0.10% 0.10% 0.10%
Other impurities 0.11% 0.03% 0.11% 0.17%
Sum of impurities 0.33% 0.39% 0.37% 0.29% 0.35% n=4

SD= 0.04
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Assay standards
Problems encountered: e.g. Spirapril HCl

• Impurity at RRt 1.35 (0.12 %):

Impurity A, limit O.2 % :              CRS complies
Or
Any other impurity, limit 0.1 % :          CRS does

not  comply

Ulrich Rose, Quality on the move, Budapest 2004 17

Assay standards
Problems encountered: e.g. Bacampicillin HCl

2.18 %
n = 3

SD = 0.10

2.08 %1.06 %2.29 %2.16 %Sum of impurities

0.19 %
RRt = 0.16

0.15 %
RRt = 0.25

0.14 %
RRt = 0.34

0.18 %
RRt = 1.5

0.09 %
RRt = 1.8

0.07 %
RRt = 1.5

Not detectedOther impurities

0.70 %
(reported as imp. 7)

Not
detected

0.68 %0.80 %Impurity 5
RRt ª 2.8

Not
detected

Not
detected

0.44 %0.32 %Impurity 4
RRt ª 1.3

0.58 %
(reported as imp. 6)

0.79 %
(RRt = 1.55)

0.74 %0.53 %Impurity 3
RRt ª 1.2

0.13 %
(reported  as imp. 5)

Not
detected

0.12 %0.15 %Impurity 2
RRt ª 0.2

0.19 %
(reported  as imp. 2)

Not
detected

0.24 %0.36 %Impurities determined by LC
Impurity 1
RRt ª 0.2

0.38 %
n = 4

SD = 0.187

0.2 %
0 %

0.47 %
0 %

0.6 %
0 %

0.252 %
7.5 %

Semi-micro determination
of water
(n = 3)
rsd =

MeanLab 4Lab 3Lab 2Lab 1Test

Ulrich Rose, Quality on the move, Budapest 2004 18

Assay standards
Problems encountered: e.g. Bacampicillin HCl

• Lab 3: “Value for the sum of impurities
excluded. Lab 3 used a column with a
length of 125 instead of 50 mm. The
system suitability requirement was not
fulfilled and the RRts were higher than
expected. For this reason impurity 5,
normally RRt = 2.8 was not detected in
the chromatographic run.”
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Assay standards
Assignment of content

• For standards used in physico-chemical assays:
- Declaration of the content  (m/m) on an  «!as is!» basis:
      X = 100.O % - (sum of impurities + water +  residual

solvents)
- Alternatively for lyophilised substances:
      Exact quantity per vial is assigned. The amount of

substance to be dispensed by freeze-drying is based on
the results of the purity-, water- and solvent analyses of
the bulk drug

       Example:  Desmopressin CRS 5 : 1.00 mg peptide per vial

Ulrich Rose, Quality on the move, Budapest 2004 20

Assay standards
Use

• To be used with the method described in
the monograph

• To be used « as is », i. e. without prior drying
• Occasionally a correction factor must be

applied (e. g. the monograph for potassium
clavulanate describes Li-clavulanate as
CRS)

Ulrich Rose, Quality on the move, Budapest 2004 21

Estimation of the uncertainty of
the assigned content

• The European Pharmacopoeia Commission has adopted the policy that the
value assigned to a reference substance as a result of an interlaboratory trial
should have an uncertainty not greater than a predetermined value.

RANGE OF CONTENT LIMITS MAXIMUM UNCERTAINTY
1.0 0.12
2.0 0.24
3.0 0.36
4.0 0.48
5.0 0.60
6.0 0.72
7.0 0.84
8.0 0.96
9.0 1.08

10.0 1.20
12.0 1.44
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Estimation of the uncertainty of
the assigned content (2)

si
2
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2
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2

Where there are:
n = number of participating laboratories

                                           = variance for the estimation of impurities

                                = variance for the estimation of water

                                              = variance for the estimation of residual solvents
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Estimation of the uncertainty of
the assigned content (3)
Example: Ciprofloxacin HCl CRS 2

Impurities (%)
Laboratory Related

Substances
Water

1
2
3
4
5
6
7

0.08
0.04
0.07
0.05
0.04
0.05
0.03

5.88
5.94
6.07
5.77
6.08
6.07
5.96

Mean 0.05 (n=7) 6.0 (n=7)
SD (s) 0.018 0.116

Variance (s2) 0.0003 0.014
The content of residual solvents is negligible
Approx. Uncertainty = 0.0003 + 0.014

7
x2.447 = 0.11
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Reference substances for herbal
products
• New Ph. Eur. Policy:
Reference substances as assay standards for

monographs describing HPLC assays:
Boldine, Coumarin, Chlorogenic acid,

Ruscogenins. . . .
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Reference substances for herbal
products
1. Establishment of the « active ingredient »,
depending on: availability, prize, stability
Or
2. Establishment of standardised extracts

(dry or liquid),
e. g. Verbena herb and verbenaline
          St. John’s Wort dry extract and hypericin
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Impurities and
system suitability mixtures
as reference substances :

needs, constraints and the reality

Andrea Lodi
Deputy Head of Division III (Laboratory)

European Department for the Quality of Medicines
Council of Europe

Quality on the move - Oct 2004 2

Impurity standards (mixtures) - EP 2004

Impurity mix 
CRS
17%

Impurity 
CRSs
83%

Quality on the move - Oct 2004 3

Impurity standards - EP 2004

for GC
for TLCfor other 

tech.

for LC
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Impurity standards (mixtures) - EP 2004

for GC

for TLC

for LC

Quality on the move - Oct 2004 5

Recent innovations to the Ph. Eur. regarding organic impurities

step 1

Supplement 4.6 - effective 01/01/2004

• Substances for pharmaceutical use (2034)

   The related substances section has been revised in
order to align it with the revised ICH Guideline
[Q3A(R)] on impurities in drug substances.

Quality on the move - Oct 2004 6

European Pharmacopoeia: Organic impurities

The general monograph “Substances for
Pharmaceutical Use” gives the thresholds
(qualification, identification, reporting) 

* The thresholds do not apply to  :
– excipients
– Biological and biotechnological products
– Peptides, oligonucleotides
– Radiopharmaceuticals
– Fermentation and semisynthetic products
– Products of animal and plant origin, herbal products.

      
individual monographs: test conditions, list of

impurities, acceptance criteria
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step 2

Chapter 5.10 , EP 5th ed. effective 01/01/2005
Monograph applicability and acceptance criteria

Monographs give a specification for quality of substances
with impuriy profiles corresponding to those considered
during its elaboration i.e. those mentioned in the
Impurities section.

-> the applicability of a monograph to control the impurities
from a given source has to be specifically checked by
the user

-> concept of “specified impurities” which has very
important consequences in terms of CRS

Quality on the move - Oct 2004 8

Recent innovations to the Ph. Eur. regarding organic impurities

• Progressive replacement of TLC by LC

• Introduction of CE (capillary
electrophoresis)

• Application of ICH guideline Q3A to
pharmacopoeial substances  --> focus on
quantitative aspects

Quality on the move - Oct 2004 9

Ph. Eur. - Reference Substances

Reference substances are needed in the
related substances section of a given
monograph for :

• Identification

• Quantification (external standard)

• System suitability test
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Ph. Eur. - Reference Substances

The identification of a given impurity is needed

- when the impurity has an individual limit, and/or
- when a correction factor must be applied.

In all the other cases although desirable, the
identification is not required.

The method of choice to identify an impurity in a
chromatogram is by comparison with an
authentic sample.

Quality on the move - Oct 2004 11

Ph. Eur. - Reference Substances

CONSTRAINT: an impurity is available in
scarce quantity

CRS: a samples containing the impurity of
interest (a “bad batch”, a spiked batch, a
mixture of substance and its impurities).

Quality on the move - Oct 2004 12

Formoterol for impurity I identification CRS
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The identification of specified impurities on the
basis of relative retention is only the last resort
as retention behaviour is highly dependent on
the characteristic of the chromatographic system
used (stationary phase, equipment…)

Ph. Eur. - Reference Substances

CONSTRAINT: an impurity is not available at all

Quality on the move - Oct 2004 14

Ph. Eur. - Reference Substances

Examples of variability in retention

- Capillary GC: inversion of the elution order when using
columns of different film thickness

- Gradient LC: different retention when using different
columns or systems of different dwell volume (i.e. the
volume between the point at which the two eluants meet
and the top of the column)

15
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The extent to which the various parameters of a defined
chromatographic test may be adjusted to satisfy the system
suitability criteria without fundamentally modifying the
methods are given in

<2.2.46> Chromatographic separation techniques

ex.: LC: tolerances are given for mobile phase composition,
column length, column i.d., particle size of the stationary
phase, temperature, injection volume and flow rate.

Ph. Eur. - Reference Substances

Adjustment of chromatographic conditions

Quality on the move - Oct 2004 17

LC methods in the Ph. Eur. originally developed and validated
by manufacturers, i.e. well-defined equipment and column(s).

Robustness challenged by the fact that only a general
description of the column can be given. The chromatographic
behaviour with the variety of commercially available “C 18”
columns is very often too variable, esp. with gradients.

System suitability and column description

need to provide CRS and chromatogram
need to set appropriate criteria (ex. elution order)
info on the columns used (website)

Quality on the move - Oct 2004 18

Column classification

Among the systems proposed:

-Prof Hoogmartens et al. (KU Leuven, Belgium)
 4 parameters obtained, 3 runs at different conditions;

-Nat’l Institute of Standards and Technology (MD, US)
 7 parameters obtained in a single run.
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 Case study: mesalazine / 1

Impurity B, D, G and H:  LC gradient elution and UV detection at 220 nm

Authentic samples: impurity B, D, G and H
Impurity E and F: no authentic sample, no relative retention given

System suitability : peak-to-valley ratio (imp D / mesalazine) min 1.5

Limits:
—  impurity B: not more than the area of the principal peak in the chromatogram obtained

with reference solution (d) (0.2 per cent),
—  impurity D, G: not more than the area of the principal peak in the chromatogram obtained

with reference solution (c) (0.1 per cent),
—  impurity H: not more than the area of the principal peak in the chromatogram obtained

with reference solution (f) (0.3 per cent),
—  any other impurity: not more than 0.1 times the area of the principal peak in the

chromatogram obtained with reference solution (a) (0.1 per cent),
—  total: not more than the area of the principal peak in the chromatogram obtained with

reference solution (a) (1.0 per cent),
—  disregard limit: 0.05 times the area of the principal peak in the chromatogram obtained

with reference solution (a) (0.05 per cent). Disregard any peaks obtained with the blank
solution.

Quality on the move - Oct 2004 20

Mesalazine
1. impurity A

2. impurity B

3. impurity C

4. mesalazine

5. impurity D

6. impurity F

7. impurity E  

8. impurity G  

9. impurity H

Quality on the move - Oct 2004 21

 Case study: mesalazine /2

Impurity A and C:  LC gradient elution UV detection at 220 nm

Authentic samples: impurity A and C

System suitability : Rs (imp C / mesalazine) min 3

Limits:

—  impurity A: not more than the area of the corresponding peak
in the chromatogram obtained with reference solution (b)
(50 ppm),

—  impurity C: not more than 4 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (b) (200 ppm).
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 Case study: mesalazine  /3

Impurity K (aniline):  LC gradient elution UV detection at 220 nm

Authentic sample: impurity K

System suitability : signal-to-noise ratio (10 ppm imp K) min 10

Limit:

—  impurity K: not more than the area of the corresponding peak
in the chromatogram obtained with the reference solution
(10 ppm).

Quality on the move - Oct 2004 23

spiked samples, e.g. Sumatriptan impurity mixture CRS

resolution imp C/sumatriptan

5 clearly separated peaks

Quality on the move - Oct 2004 24

Ph. Eur. - System suitability criteriaSuitability in terms of selectivity:

• resolution of two closely eluting peaks (critical
pair): preferably peaks of similar size or at least
not saturating)

• peak-to-valley ratio (incomplete separation,
peaks of very different size)

• “similarity” or “concordance” with a
chromatogram supplied

     examples: sumatriptan / piroxicam for system
suitability



9

Quality on the move - Oct 2004 25

Peak-to-valley ratio

Quality on the move - Oct 2004 26

…the test is not valid unless the chromatogram
has a similar profile to the chromatogram
supplied with piroxicam for system suitability
CRS and shows a peak due to impurity B with
a relative retention of about 0.85 and a
symmetry factor of at most 1.5

RR = 0.88

Piroxicam for system suitability CRS

Quality on the move - Oct 2004 27

Ph. Eur. - Impurity CRS - Establishment

Established based on experimental studies carried out at
the EDQM Laboratory. Protocols, acceptance criteria and
monitoring depend on the intended use.

Authentic samples : characterisation by IR, MS, NMR
- for identification: purity min 90 %
- as external standard: assumed 100 % if > 95 %

Spiked samples:
- ID of key component(s) vs authentic sample(s)
- what if authentic sample unavailable?
- verification of suitability for the intended test
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Challenges with new monographs

List of specified impurities and limits based on batch data
and in line with general monograph ‡ ICH

Enable peak identification of specified impurities
Preference order:
• authentic samples, if not
• spiked samples,
• if not batch containing the impurity
….. relative retention only last resort
• Multiple impurity profiles controlled

Quality on the move - Oct 2004 29

Challenges with new monographs

key points…..

• Quantitative data versus limit test
• Correction factors
• Changes to conditions allowed
• Description of the chromatographic column
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USE OF PHARMACEUTICAL REFERENCE
SUBSTANCES (continued)

n In identification tests

n In tests for related substances

n In assays and microbiological assays

n In calibration of instruments

PRS are used in tests and assays to achieve the
accuracy and reproductibility of analytical results

55
Quality on the move : Dynamics of the European Pharmacopoeia
Budapest, Hungary - October 4th / 6th, 2004

MANAGEMENT OF PRS IN QUALITY
OPERATIONS

In Industry CRS may be

n Synthetized by a pharmaceutical company (in
chemical development department or chemical
manufacturing site) or prepared by further
purification of an existing production material

n Obtained from an external supplier (e.g. Merck …)

n A Pharmacopoeial substance

The status of PRS is only conferred after analysis for
determination of assay and/or purity

66
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MANAGEMENT OF PRS IN QUALITY
OPERATIONS (continued)

Retest

Generally, a CRS manufactured by a company for its
internal use is retested to extend its shelf-life (every 3
years for particular stable one and maximum 3 retests)

n Purity and/or assay by chromatography

n A water content for hygroscopic one

For materials from an external supplier or from
Pharmacopoeias, no  retest is carried out and batches
must be destroyed after expiry date
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MANAGEMENT OF PRS IN QUALITY
OPERATIONS (continued)

Expiry date

n For CRS from external suppliers, the expiry date
proposed must be followed

n Unless documented justification, the CRS can be
used 12 years maximum if the retest doesn’t reveal
an evolution (maximum 3 retests)

Storage conditions

n Generally storage in a refrigerator +2°C to +8°C

n For CRS supplied by an external supplier, specific
storage conditions given by the supplier must be
applied

88
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MANAGEMENT OF PRS IN QUALITY
OPERATIONS (continued)

Labelling

At least, the following information must be mentioned

n The name of the manufacturing site or the supplier

n The material name or the PRS number

n The batch number and a specific code given by the
analytical laboratory

n The strength

n The retest date

n The storage conditions

99
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WORKING STANDARDS

Definition

n Working Standards (WS) is a material taken from a
good quality and current production batch

n The strength should correspond to the mean of
several tests obtained with respect to the Primary
Standard (number of tests related to the precision of
the method)

n WS can be used as a reference material for
identification and chromatographic assay of
industrial batches (active substance and medicinal
product)
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WORKING STANDARDS (continued)

Retest

Generally after 3 years of storage as follows

n Chromatographic purity

if it’s not significantly different with the initial
control, the initial assay is considered to be still
valid

if it’s significantly different, additional
determinations with the Primary Standard must be
carried out

n Water content for hygroscopic materials and
hydrates

1111
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WORKING STANDARDS (continued)

Storage conditions

n As supplementary precaution,
WS must be stored in an air tight
brown bottle in a refrigerator
(+2°C to +8°C)

n Once opened, WS must be held
at ambient temperature during
the analysis and must be
returned to the refrigerator
when is not used

1212
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PRS FROM THE EUROPEAN PHARMACOPOEIA

Positive points for Industry

n The establishment of PRS is scientifically well
established

n The supplying of PRS is considered as overall
satisfactory and efficient

n The possibility to ask directly EDQM for questions
about orders, billing and shipping (E-mail :
CRS@pheur.org)

n Many information are on-line available on the EDQM
website (http://www.pheur.org)



5

Reference standards
database with leaflets if

available

Catalogue of reference
substances updated 3

times / year

Safety Data Sheets (SDS)
compliant with ISO 11014-1

and the Community
Directive 93/112/EEC



6

Frequently asked questions

1717
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PRS FROM THE EUROPEAN PHARMACOPOEIA
(continued)

Difficulties at the EDQM level

n Difficulties to get PRS in sufficient amount from
manufacturers

n No rule is defined in case of PRS stockout

n PRS are not always available when new monographs
are published in the EP supplements

n Requests for donations of PRS have increased
significantly in the context of generic companies
development

1818
Quality on the move : Dynamics of the European Pharmacopoeia
Budapest, Hungary - October 4th / 6th, 2004

PRS FROM THE EUROPEAN PHARMACOPOEIA
(continued)

Difficulties at the users level

n No certificate of analysis is provided with PRS

n No expiry date is indicated for PRS

n Absence of guidance for implementation of Working
Standards instead of Primary Standards

n Absence of definition of expiry date or retest period
for PRS after first opening
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PRS FROM THE EUROPEAN PHARMACOPOEIA
(continued)

n Absence of harmonized PRS at the international level
makes necessary to have several PRS from different
pharmacopoeias for the same chemical substance

n Risk of contamination with fragments when PRS are
supplied in sealed glass ampoules

2020
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PHARMEUROPA DRAFT MONOGRAPH ON PRS

Draft ref. XXXX:51200 published in Pharmeuropa 16.3
in July 2004 for comments (deadline : end of
September 2004)

To be adopted in the part 5 “General chapters” of the
EP

European draft monograph with no equivalent in the
current USP

2121
Quality on the move : Dynamics of the European Pharmacopoeia
Budapest, Hungary - October 4th / 6th, 2004

PHARMEUROPA DRAFT MONOGRAPH ON PRS
(continued)

Gives information and guidance on the establishment
and use of PRS

n Definitions of primary / secondary chemical
reference substances, pharmacopoeia reference
standards and international standards

n Descriptions of the use of PRS for identifications, in
tests for organic impurities and for assays

n Rules for implementation of secondary reference
standards compared to the primary standards to
which it is traceable
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