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Abstract

A high-performance anion-exchange chromatography (HPAEC) method was developed for determination of recombinant human ery-
thropoietin (EPO) in pharmaceutical products. A fluorescence detector was added to the HPLC system as intrinsic fluorescence detection
c nalyse ery-
t aled various
p r the range
1 ble method
f nce elution
p fication of
r
©

K

1

i
b
o
c
a
t
c
h
e
a
p

. The
y-
tem
tion
ated
tivity

ally
sure
ean
tions

gen
of

nt
s of
apid

may

0
d

ompared favourably to UV detection regarding sensitivity and selectivity. The HPLC method has been successfully applied to a
hropoietin products even in the presence of albumin as excipient. The intrinsic fluorescence chromatograms of both proteins reve
eaks attributed to either micro-heterogeneous erythropoietin or albumin variants. The intrinsic fluorescence signal was linear ove
0–200�g/ml erythropoietin corresponding to pharmaceutically relevant concentrations. The HPLC method appeared to be a suita

or differentation between recombinant human erythropoietin epoetin-alpha and -beta as they revealed different intrinsic fluoresce
rofiles. In conclusion, this study contributes to the development of a straightforward physicochemical method for specific quanti
ecombinant human erythropoietin in pharmaceutical preparations.
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eywords:HPLC; HPAEC; Intrinsic fluorescence; Erythropoietin; Epoetin-alpha; Epoetin-beta; Albumin

. Introduction

Erythropoietin (EPO) is a glycoprotein produced primar-
ly by the kidney and it is the main factor regulating red
lood cell production[1]. The protein has a molecular mass
f 30–34 kDa and 40% of the molecular weight represents
arbohydrates of which 17% are sialic acids[1–3]. The sug-
rs are attached to the protein via one O-linked (serine) and

hree N-linked (asparagine) glycosylation sites[4]. Since the
arbohydrates vary in amount, size and structure, EPO has a
eterogeneous structure. Since the mid 1980s EPO has been
xpressed applying recombinant DNA technology (rhEPO)
nd is now one of the most successful biopharmaceutical
roducts. Besides, rhEPO is known for the extensive misuse
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E-mail address:peter.jongen@rivm.nl (P.M.J.M. Jongen).

as performance-enhancing agent in endurance sports
biological activity of EPO in vivo is affected by the glycos
lation pattern (sialic acid content). Since production sys
and process conditions for rhEPO affect the glycosyla
pattern the production process should be carefully valid
and monitored to assure consistency of the biological ac
throughout different production batches[5].

At present the content of rhEPO preparations is typic
tested by complex in vivo potency assays which mea
the relevant biological activity. For instance, the Europ
Pharmacopoeia describes an assay for rhEPO bulk solu
in which the effect of rhEPO on mice kept under low oxy
conditions is monitored by measuring incorporation
radio-labelled ferric chloride[6]. For assaying the conte
of rhEPO preparations in a routine setting these type
bioassays require a significant number of animals. A r
and less resource demanding physico-chemical assay
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not specifically mimic bioactivity but it would provide a
wider forum for controlling the quality of these common
pharmaceutical products. Moreover, from an analytical point
of view content assays based on physicochemical technology
will be more precise than bioassays. Developing a suitable
physicochemical assay for rhEPO preparations is hampered
by the low dose of the micro-heterogeneous glycoprotein in
presence of relatively large amounts of excipients. Particular
difficulties are encountered when human serum albumin
(HSA) is present. The protein HSA is obtained from large
pools of human plasma and cannot be considered chemically
homogeneous. Although HSA is not present in currently
licensed rhEPO preparations in the European Union, HSA
containing preparations are still widely available on the
market such as in the USA. Candidate physicochemical
assays should have a high degree of selectivity for rhEPO and
assay reproducibility. So far capillary electrophoresis (CE)
methods have been developed to characterize the rhEPO gly-
coform pattern and a capillary zone electrophoresis method
has now been prescribed by the European Pharmacopoeia
as an identification test for rhEPO in concentrated bulk
solutions[6]. In addition to this method, another CE method
has been developed that is capable of analysing rhEPO
pharmaceutical preparations containing salts and HSA, and
in the concentration range of 0.03–1.92 mg rhEPO/ml[7].

HPLC in combination with UV-detection is a separation
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preparations containing epoetin-alpha and/or epoetin-beta in
absence or presence of HSA were analysed. Previously, we
reported about the enhanced sensitivity and selectivity prop-
erties of intrinsic fluorescence detection compared to UV
detection in the analysis of biopharmaceuticals[16]. There-
fore, in this study a fluorescence detector was introduced to
the HPAEC system and its performances were compared to
a UV detector. Next to monitoring the amount of protein, in-
trinsic fluorescence spectroscopy also provides information
on changes in the local environment of the aromatic side
chains (tertiary protein structure). Eventually, this investiga-
tion contributes to the development of a straightforward and
fast physicochemical method for determining the amount as
well as the type of EPO in pharmaceutical products.

2. Materials and methods

2.1. Reagents

‘EPO BRP’ (batch 2) was purchased from the European
Directorate for the Quality of Medicines (EDQM, Stras-
bourg, France). The vials contained 250�g of rhEPO being
a mixture of equal amounts of epoetin-alpha and epoetin-
beta. ‘Eprex 10000 IE/ml’ (Janssen-Cilag, charge number
02BS09T) was a licensed solution for injection provided
i /ml
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ethod that provides a powerful means for characterisin
omogeneity of common biopharmaceuticals such as so
opin, insulin and interferons. Because of its high resolu
eversed-phase HPLC is often applied for quantificatio
he active pharmaceutical ingredient and for the analys
losely related protein variants or degradation products
xidised, deamidated)[8–10]. High performance size excl
ion chromatography may also be used for quantificatio
t is normally applied to determine the native size of the
ein and to reveal possible dimers, oligomers and aggre
11–13]. Ion exchange chromatography provides ano
rinciple for separating closely related monomeric spe

n a protein preparation. High-performance anion-exch
hromatography (HPAEC) separates proteins accordin
heir negative electric charge. In combination with pu
mperometric detection HPAEC has often been ap

o analyse carbohydrates cleaved from glycoproteins[14].
ethods to analyse an intact glycoprotein by HPAEC
ot common although the various negative electric cha
f the glycoforms, contributed by the sialic acid grou
rovide conditions for separation of the EPO glycofo
y HPAEC.

In the present study we investigate the possibilitie
PAEC for determination of rhEPO at pharmaceutic

elevant concentrations. Our preference for HPAEC c
atography was based on its expected selective prop

or charged compounds such as rhEPO isoforms an
ossibility HPAEC offers to analyse the protein under na
onditions which would not be the case in reversed-p
hromatography[15,16]. For this purpose several rhEP
n a 1.0 ml syringe having a label claim of 10,000 IU
orresponding to 84.0�g/ml epoetin-alpha (10,000 IU/m
NeoRecormon 10000 IE’ (Roche, charge number MH64
5) was a licensed solution for injection provided in
.6 ml syringe having a label claim of 10,000 IU/0.6
16,667 IU/ml) corresponding to 83�g/0.6 ml epoetin-bet
138�g/ml). Both Eprex and NeoRecormon did not con
SA as excipient. The HSA preparation ‘Cealb’ (Sanq
he Netherlands) contained 20% protein predomina
>95%) albumin. Tween-80 (polysorbate-80) was purch
rom Merck. Phosphate buffered saline, pH 7.2 (PB
onsisted of 8 mM Na2HPO4·2H2O, 2 mM NaH2PO4·H2O
nd 154 mM NaCl. Solvents for chromatography w
PLC grade and salts were analytical grade chemicals

.2. Sample preparation

EPO BRP (250�g) was dissolved in 250�l water. Subse
uently, this 1 mg/ml protein solution was diluted with P

o obtain 10, 30, 60, 100, 150, 200, 300 and 400�g/ml solu-
ions before 100�l was applied to the HPAEC column. O
repared protein solution contained 100�g/ml EPO BRP an
mg/ml HSA.
All samples and solutions were filtered before use ov

.45�m filter.

.3. HPLC

.3.1. Instrumentation
HPLC experiments were performed on an Agilent 1

ystem including a G1379A micro vacuum degasser, G13
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binary pump, G1329A auto-sampler, G1330B auto-sampler
thermostat, G1316A thermostatted column compartment,
G1315B diode array detector and G1321A fluorescence scan-
ning detector. This Agilent HPLC system was operated by
ChemStation software. UV detection was performed at 214
and 280 nm, intrinsic fluorescence emission detection at
343 nm with an excitation wavelength of 295 nm (excitation
of tryptophan). The fluorescence spectra were measured at
1 nm intervals over the range 320–380 nm with a scanning
speed of 80 nm/s (PMT-gain 12).

2.3.2. High-performance anion-exchange
chromatography

EPO BRP dilutions (10, 30, 60, 100, 150, 200, 300
and 400�g/ml), 100�g/ml EPO BRP in presence of
3 mg/ml HSA and Eprex were applied in injections
of 100�l to a DNAPac PA-100 analytical column
(4 mm× 250 mm) (Dionex), equilibrated with 20 mMN-2-
hydroxyethylpiperazine-N′-2-ethanesulfonic acid (HEPES)
buffer containing 25 mM NaCl, pH 7.0. The DNAPac PA-100
anion exchange column is specifically designed to provide
high-resolution separations and is composed of 100 nm
quaternary amine functionalised MicroBeadsTM bound to a
13�m solvent-compatible, non porous substrate. NeoRecor-
mon was applied to the column in a volume corresponding
to a protein loading of 84�g. The elution was performed at
2 ing
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Table 1
Gradient programs applied to the HPAEC analysis

Time (min) A (%) B (%)

Program 1
0 97.5 2.5
3.0 97.5 2.5
3.1 88.0 12.0

21.0 88.0 12.0
27.0 82.5 17.5
33.0 82.5 17.5
39.0 50.0 50.0
45.0 50.0 50.0
45.5 0 100
51.5 0 100
52.0 97.5 2.5
55.0 97.5 2.5

Program 2
0 97.5 2.5
3.0 97.5 2.5
3.1 89.5 10.5
5.1 89.5 10.5
5.2 89.0 11.0
7.2 89.0 11.0
7.3 88.5 11.5
9.3 88.5 11.5
9.4 88.0 12.0

15.0 88.0 12.0
16.0 0 100
22.0 0 100
23.0 97.5 2.5
27.0 97.5 2.5

Buffer A: 20 mM HEPES, pH 7.0. Buffer B: 20 mM HEPES containing 1 M
NaCl, pH 7.0.

Fig. 1. EPO BRP, 100�g/ml (black line) and PBS (grey line) applied to
HPAEC and monitored by intrinsic fluorescence (A), EPO BRP, 100�g/ml
applied to HPAEC and monitored by UV absorbance at 214 nm (grey line)
and 280 nm (black line) (B).
5◦C and at a flow rate of 1 ml/min, and with an increas
aCl gradient as described inTable 1(program 1). In cas
f EPO BRP (100�g/ml), Eprex and NeoRecormon als
econd gradient program was applied (Table 1, program 2).

. Results

.1. Performances of detection systems

EPO BRP (100�g/ml) was applied to a DNAPa
A-100 column and the eluate was monitored with an
nd intrinsic fluorescence scanning detector to tes
uitability of both detection systems. UV detection w
erformed at 214 and 280 nm and intrinsic fluoresce
mission detection at 343 nm (Fig. 1). The HPAEC intrinsic
uorescence chromatogram showed a main peak betw
nd 10 min and minor peaks at the void volume and at
alt concentrations (Fig. 1A, Table 1). The main peak wa
ttributed to EPO as the minor peaks were also observ

he same intensity in a blank (PBS) run. The HPAEC UV214
rofile of EPO BRP showed a signal at the void volume
small peak around 6 min (Fig. 1B). These UV214 signals

ppeared to be artefacts since a blank (PBS) run rev
n identical chromatogram (data not shown). It was
hown that the signal to noise ratio was not satisfactory.
espect to the HPAEC UV280 profile (Fig. 1B), a significan
eak appeared at the same retention as was observ
PO in the fluorescence emission chromatogram. Alth

his peak showed a low absorbance, it was significa
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present compared to the corresponding blank elution
profile.

3.2. Separation of erythropoietin-albumin

The HPAEC intrinsic fluorescence profiles of 100�g/ml
EPO BRP and 3 mg/ml HSA are shown inFig. 2A and B, re-
spectively. Whereas, EPO BRP eluted between 6 and 10 min
(around 0.1 M NaCl), HSA eluted between 11 and 43 min.
In both cases it was demonstrated that the proteins are not
homogeneous although EPO showed a higher level of homo-
geneity than HSA. The elution profile of the EPO preparation
containing an excess of HSA (=1:30 mixture) (Fig. 2C)
resembled the profiles of the individual proteins when com-
bined. The total peak area of the various HSA peaks appeared
to be approximately 14 times higher than the peak area of the
EPO BRP peak. It was shown that the applied HPAEC method
is a suitable method to separate rhEPO from amounts of HSA
commonly present in various pharmaceutical preparations.

F
(
(

Fig. 3. HPAEC intrinsic fluorescence chromatogram of 10, 30, 60, 100, 150
and 200�g/ml EPO BRP.

3.3. Quantification of erythropoietin

The intensity of the intrinsic fluorescence signals (peak
areas) increased when the amount of EPO BRP was increased
(Fig. 3). The presence of distinct forms of rhEPO was more
clearly observed when higher concentrations of rhEPO were
applied. To reveal a possible linear relation between the peak
area and the concentration of EPO, the obtained HPAEC
intrinsic fluorescence profile of the blank was subtracted
from the profiles obtained with 10–400�g/ml EPO BRP.
Eventually, the fluorescence emission signals were linear
over the range 10–200�g/ml EPO (Y= 30.74X− 47.04,
R2 = 0.9996) and the regression line crossed the origin
(p> 0.05). In case EPO concentrations above 200�g/ml
were applied to the HPAEC column, the signals started
to deviate from linearity i.e. the corresponding peak areas
were lower than expected. The measured peak areas of two
commercial rhEPO preparations were calculated against
the peak area of the EPO BRP reference preparation. This
revealed a concentration of 94�g/ml for the Eprex sample
and 155�g/ml for the NeoRecormon sample.

By using a fluorescence scanning detector it was not only
possible to monitor one fluorescence emission wavelength
ig. 2. HPAEC intrinsic fluorescence chromatogram of 100�g/ml EPO BRP
A), 3 mg/ml HSA (B) and 100�g/ml EPO BRP containing 3 mg/ml HSA
C).

but also to measure fluorescence spectra corresponding to the
various peaks on-line. In this way the average fluorescence
emission maximum (F ) for 10–200�g/ml EPO was de-
t

3

RP,
E m 2
( of
t ient
max
ermined to be 343 nm.

.4. Selectivity regarding EPO-alpha and -beta

The HPAEC intrinsic fluorescence profiles of EPO B
prex and NeoRecormon by applying gradient progra

Table 1) are shown inFig. 4. Although the peak profiles
he various rhEPO preparations differed by applying grad



D.M.A.M. Luykx et al. / J. Chromatogr. A 1078 (2005) 113–119 117

Fig. 4. HPAEC intrinsic fluorescence chromatogram of EPO BRP (A), Eprex
(B) and NeoRecormon (C) by applying gradient program 2 (Table 1).

program 1 (data not shown), the differences in peak profiles
were more pronounced when gradient program 2 was ap-
plied. In the latter case Eprex showed a clear peak at 7.5 min
and NeoRecormon at 10.0 and 12.5 min. Next to this, the
peak pattern of NeoRecormon revealed more minor peaks in
comparison to that of Eprex. The intrinsic fluorescence pro-
file of EPO BRP resembled the combined profiles of Eprex
and NeoRecormon. When the various elution profiles were
compared it was also noticed that in case of Eprex the void
volume peak around 2 min was significantly higher. The cor-
responding intrinsic fluorescence spectrum revealed aFmax
of 349 nm. The latter peak was also observed when 100�l of
a blank solution containing 0.03% Tween-80 was applied to
the column. The correspondingFmax was 347 nm.

4. Discussion

Physicochemical methods have been successfully applied
to determine the amount, structural identity, purity, integrity
and stability of various biopharmaceuticals[7,10,17–21].
However, for rhEPO an in vivo bioassay is the golden standard
for measuring the potency. On the other hand, CE methods
can be applied for specific identification of rhEPO. CE is
known as a highly selective technique that is applicable for the
identification, purity and structural evaluation (microhetero-
g the
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eneity) of rhEPO. In general, limitations of CE concern
oncentration sensitivity, interference of the excipients
eproducibility. In contrast, HPLC is a more robust and re
ucible technique and therefore more suitable for quantit

nter-run comparisons. This explains a general preferen
PLC rather than CE for assaying biopharmaceuticals in
ettings. Therefore, our aim was to develop an HPLC me
or specific quantification of rhEPO in pharmaceutical pr
cts i.e. at low concentrations without a separate sa
lean-up. We expected HPAEC to be able to separate rh
nder native conditions. Moreover, we considered tha
PAEC method, displaying subtle charge properties, w
rovide a higher level of specificity to an assay than
PLC or SE-HPLC. After trying several column matric
nd buffer systems a DNA-Pac anion exchange column
elected together with HEPES buffer at neutral pH as el
n the present study we investigated this HPAEC metho
ombination with UV and intrinsic fluorescence detectio

To test the suitability of the detection systems
onitoring EPO applied to HPAEC, the UV214 and UV280
lution profiles were compared to the intrinsic fluoresce
lution profile. Intrinsic fluorescence detection was m
ensitive and showed a higher selectivity than UV detec
Fig. 1). Normally, HPLC in combination with UV-detectio
t 214 nm is a powerful method for detecting prote
owever, in our study EPO was not detected this way
low signal to noise ratio was observed (Fig. 1B). This can
e explained by the presence of HEPES in the eluents

nterferes with the UV214 signal. This inconvenience w
ot observed with intrinsic fluorescence detection (Fig. 1A).
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In general, matrix compounds such as pharmaceutical
excipients and buffer components do not interfere in the
intrinsic fluorescence chromatogram which specifically
displays the fluorescence emitted by the trytophan residues
in the protein. Therefore, less complex chromatograms
will be obtained and peaks can be readily attributed to be
proteinaceous compounds or not. The fact that the sensitivity
of intrinsic fluorescence detection of proteins compared
favourably to UV detection was demonstrated before[16].

The HPAEC method combined with intrinsic fluorescence
detection appeared to be a suitable method to analyse rhEPO
in presence of HSA. HSA is added to some biopharmaceu-
ticals as stabiliser during the manufacturing process and/or
storage[22,23]. From an analytical perspective particular
difficulties are encountered with this excipient since it is
another protein, present in large amounts and not homoge-
neous. Therefore, in size exclusion chromatography rhEPO
as well as HSA would elute as single peaks that overlap
considering the content ratio and molecular masses of the
proteins. The HPAEC method developed by us is capable of
analysing rhEPO/HSA mixtures. HSA preparations contain
several variants such as mercapto, non-mercapto and gly-
cated forms as well as oxidised, deamidated and polymerised
variants of these latter forms[24]. These variants can be
separated by charge based techniques such as isoelectric
focusing[25] and CE[26]. Since HPAEC separates proteins
a uted
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reference preparation has not been established for the purpose
of physicochemical content assays. The declared content of
250�g rhEPO used in our calculations is based on the amount
filled during its manufacturing process and has not been
verified after lyophilisation by independent physicochemical
assays (A. Bristow, personal communication). The contents
of the pharmaceutical preparations obtained by our method
are compared to concentrations (�g/ml) deduced from bioac-
tivity figures (IU/ml) and the specific activity figures (IU/�g)
as labelled by the manufacturers. Both preparations have
a very similar ‘specific bioactivity’ i.e. 10.000 IU = 84�g
for epoetin-alpha and 10.000 IU = 83�g for epoetin-beta.
Although both manufacturers apply different types of in-vivo
bioassays these assays appear to give equivalent results as was
recently shown in a collaborative study[27]. This similarity
in specific activity of epoetin-alpha and epoetin-beta pro-
vides a basis for corresponding results of physico-chemical
and biological activity assays for both compounds. The fact
that the results of our physico-chemical method resemble
the labelled contents of both EPO preparations supports this.

The HPAEC method also provides selectivity for rhEPO.
Two main rhEPO products on the European market are Eprex
and NeoRecormon containing epoetin-alpha and -beta, re-
spectively. By adjusting the gradient program in the HPAEC
method (Table 1) it was possible to obtain clear differences in
the elution profiles for epoetin-alpha and -beta (Fig. 4B and
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ccording to their negative electric charges, HSA el
t various salt concentrations resulting in various p

n the HPAEC chromatogram (Fig. 2B). An additiona
dvantage of the HPAEC method is the use of intri
uorescence as detection system. The intrinsic fluoresc
ntensity is dependent on the amount and location o
rp residues in the protein molecule. Since rhEPO con

hree tryptophan residues and HSA one, rhEPO will h
relatively more intense fluorescence signal compare
SA. Therefore, less interference of HSA will be obser

n the fluorescence chromatrogram (Fig. 2C). Eventually, the
dvantages of the HPAEC method described above tog
ith an appropriate gradient program provide a suit
ethod to analyse rhEPO even in the presence of HSA
The HPAEC method showed a linear dose/response

ionship in the range of 0.01–0.20 mg/ml rhEPO. This me
hat the method is sensitive enough to assay the conte
icensed pharmaceutical preparations of rhEPO which r
etween 2000 and 40,000 IU/ml (∼ 0.015–0.4 mg/ml). Prio
ample concentration or clean-up is not needed but rh
oncentrations above 0.20 mg/ml should be diluted with
rst. When assaying two commercial preparations ag
he PhEur reference preparation, the measured rh
ontents only slightly deviated (i.e. 12% higher) from
oncentrations declared by their manufacturers. This m
e explained by several factors. First, significant interb
ariation exists. Our measurements relate to single pro
ion batches while the labelled concentrations are averag
umerous production lots, the actual content of an indivi

ot may indeed deviate from this average. Secondly, the P
). These profiles are most probably explained by the va
PO glycoforms present in epoetin-alpha and -beta. T
lycoforms contain negative electric charges contribute

he sialic acid groups and therefore they elute at variou
ention times. Although the glycoforms of epoetin-alpha
beta were not separated as well as was demonstrat
E [6,7], the obtained HPAEC intrinsic fluorescence elu
rofiles of the epoetins provide fingerprints for determin

he type of rhEPO. The European Pharmacopoeia refe
reparation ‘EPO BRP’ consists of a mixture of epoetin-a
nd -beta. This was clearly visible in the elution profile
PO BRP (Fig. 4).
When the HPAEC intrinsic fluorescence elution profi

f the various rhEPO preparations were compared it
oticed that in case of Eprex the peak at the void volume
ignificantly higher (Fig. 4). The corresponding intrins
uorescence spectrum revealed aFmax of 349 nm. This valu
iffers from theFmax of the main peak (343 nm) and su
ests the presence of denatured EPO in the samples. P
nfolding induces an increase of theFmax as the emitting
rp residues will be more exposed to the solvent (more p
nvironment)[17,19]. Moreover, the measuredFmax resem
les theFmax, 351 nm, of denatured EPO species determ
y Toyoda et al.[28]. Eprex contains 0.03% of the non-ion
urfactant Tween-80 (polysorbate 80). The higher peak
as observed in the HPAEC intrinsic fluorescence elu
rofile of Eprex (Fig. 4B) was also observed when a bla
olution containing 0.03% Tween-80 was applied to
olumn. The correspondingFmax was 347 nm also sugge
ng a protein with conformational alterations. This sugg
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that the void volume peak in the Eprex elution profile is an
analytical artefact due to the presence of 0.03% Tween-80.

In conclusion, we developed an HPAEC method for the
determination of EPO in common pharmaceutical prepara-
tions. In particular the use of intrinsic fluorescence detection
contributes to the selectivity and sensitivity of the method.
In addition, it provides conformational information of the
studied biopharmaceutical. In its present status the HPAEC
method provides a rapid and accurate assay for in-process
material and finished products to target and precisely con-
trol the amount of EPO-protein. In particular the method is
suggested for official medicines control laboratories involved
in testing suspect preparations declared to contain EPO. The
method is a promising candidate for further establishment and
cross-validation against current reference methods which are
laborious bioassays involving the use of stressful animal ex-
periments. Moreover, the concept of HPAEC separation com-
bined with intrinsic fluorescence detection may be suitable
for analysing other glycoproteins as well.
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