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Abstract

The monosaccharides (neutral and amino sugars) of palmiteplase (recombinant modified human tissue plasminogen
activator) were analyzed by high performance anion-exchange chromatography with pulsed amperometric detection
(HPAEC-PAD). Since the palmiteplase formulation contains sucrose, it was removed by reverse-phase high-perfo-
mance liquid chromatography (RP-HPLC) prior to analysis. Acid hydrolysis with TFA was performed at 100°C for
4 h. Fucose, glucosamine, galactose and mannose were detected by HPAEC-PAD analysis after hydrolysis. The
linearity range of HPAEC-PAD analysis was 20–200 pmol ml−1 (r\0.999) and the RSD value for repeatability was
less than 7%. The recovery of each monosaccharide spiked into samples was more than 90%. The monosaccharide
composition of palmiteplase suggests that it has complex-type oligosaccharides lacking in high-mannose-type
oligosaccharides. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Monosaccharide composition analysis of glyco-
proteins is one of the most important methods for
the functional and biological studies of oligosac-
charides. This analysis can be conducted using
techniques such as high-performance liquid chro-

matography [1–4], gas chromatography [5] and
capillary electrophoresis [6–8]. For pharmaceuti-
cal recombinant glycoproteins, monosaccharide
composition analysis is critical not only for char-
acterizing their carbohydrate structures, but also
for monitoring product consistency. Especially for
the latter purpose, a simple and reliable method is
preferable, and a highly sensitive method is not
necessarily required because sufficient quantities
of samples can be obtained in the case of pharma-
ceutical recombinant proteins. High-performance
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anion-exchange chromatography with pulsed am-
perometric detection (HPAEC-PAD) is one of the
most suitable methods for this purpose because it
is quantitative and does not require monosaccha-
ride derivatization [1]. In HPAEC-PAD analysis,
monosaccharides are separated on an anion-ex-
change column at alkaline pH, followed by elec-
trochemical detection of monosaccharides by
pulsed amperometric detection (PAD).

Tissue plasminogen activator (t-PA) is a glyco-
protein that activates fibrinolysis by converting
plasminogen to plasmin. Recombinant t-PAs have
been used clinically for thrombolytic therapy [9].
The high-mannose-type oligosaccharides of t-PA
are critical for its clearance in vivo [9,10].
Pamiteplase (YM866) produced by Chinese ham-
ster ovary cells (CHO cells) is a novel recombi-
nant modified human tissue plasminogen
activator (t-PA) which lacks the first kringle do-
main (del. 92–173) and contains a site mutation
at the second kringle-light chain linkage site
(275Arg�Glu) [11]. Interestingly, its clearance
rate from plasma in vivo is much slower than that
of native t-PA [12,13].

Pharmaceutical recombinant products, includ-
ing pamiteplase drug substance, often contain car-
bohydrate additives such as sucrose to enhance
their stability. Therefore, to determine and to
monitor the monosaccharide composition of such
a product, it is essential to remove this carbohy-
drate because it interferes with the analysis. How-
ever, this removal process may degrade the
accuracy or reproducibility of monosaccharide
composition analysis.

The monosaccharide composition of neutral
and amino sugars of pamiteplase was quantita-
tively analyzed by HPAEC-PAD after acid hy-
drolysis by trifluoroacetic acid (TFA). Since
pamiteplase drug substance contained sucrose, it
was removed by reverse-phase high-performance
liquid chromatography (RP-HPLC) before the
acid hydrolysis. The monosaccharide composition
obtained suggests that pamiteplase has complex-
type oligosaccharides lacking in high-mannose-
type oligosaccharides. The results of linearity,
repeatability and accuracy show that this method
is also useful to monitor the product consistency
of pamiteplase.

2. Experimental

2.1. Materials and reagents

Pamiteplase drug substance contains 1 mg
ml−1 pamiteplase, 10% (w/v) sucrose, 3% (w/v)
sodium succinate and 0.05% (w/v) Tween 80.
Fucose (Fuc) was purchased from Sigma (St
Louis, MO); glucosamine (GlcN), galactose
(Gal), mannose (Man) and acetonitrile from
Wako (Osaka, Japan); trifluoroacetic acid
(TFA) from Pierce (Rockford, IL); 50% sodium
hydroxide (w/w) from Fisher (Pittsburgh, PA).
Ultrapure water was supplied from a Millipore
Milli-Q system. The water for all eluents was
degassed in a sonicator under vacuum for more
than 10 min just before use. Glass tubes (10×75
mm) used for hydrolysis were purchased from
Maruemu (Osaka, Japan), and were pretreated
with 6 M HNO3 and then with ultrapure water,
followed by heat treatment at 500°C for more
than 6 h. All other reagents were of analytical
grade.

2.2. Remo6al of sucrose

Removal of sucrose was conducted using a
Waters LC system consisting of a Model 626
non-metallic pump, a Model 700 autosampler and
a Model 490 UV detector. Two-hundred micro-
liters of pamiteplase drug substance was injected
on a Vydac C4 column (4.6×150 mm; Hesperia,
CA). The mobile phases used include solvent A
(0.1% (v/v) TFA in water) and solvent B (0.1%
TFA (v/v) in acetonitrile). The column was ini-
tially equilibrated at 30% B at a flow rate of 1 ml
min−1. The separation was performed by a linear
gradient of 30 to 50% B for 20 min at a flow rate
of 1 ml min−1 at ambient temperature. Detection
was by UV absorbance at 280 nm. The main peak
was collected in a polypropylene tube. The optical
density of collected fractions was measured with a
spectrophotometer at 280 nm, and the protein
concentrations of the fractions were determined
from the optical density and extinction coefficient
(86 400 M−1 cm−1) of pamiteplase at 280 nm
according to the Beer–Lambert law.
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2.3. Hydrolysis

The RP-HPLC purified fraction was trans-
ferred to a glass tube after measuring the volume
and was dried with a SpeedVac vacuum concen-
trator. The sample was dissolved with 0.5 ml
of 4 M TFA, and then hydrolyzed at 100°C
for 4 h using a Waters Pico-Tag Workstation.
After hydrolysis, residual TFA was removed
with a SpeedVac vacuum concentrator. The dried
sample was dissolved in 0.125 ml of ultrapure
water before HPAEC-PAD analysis. As a refer-
ence, a mixture of 125 nmol each of Fuc, GlcN,
Gal and Man was subjected to the same condi-
tions as the hydrolysis of pamiteplase as described
above.

2.4. HPAEC-PAD analysis

Monosaccharides were detected using a
HPAEC-PAD system consisting of a Waters
Model 626 non-metallic pump, a Waters Model

700 autosampler, a Fluid Delivery Module
(Michrom BioResourses, Auburn, CA) and a
Dionex PAD 2 detector with a gold working
electrode. Fifty microliters of the hydrolyzed sam-
ple was injected into a Dionex Carbopac PA1
column (4×250 mm; Sunnyvale, CA). The sepa-
ration of monosaccharides was performed at an
isocratic concentration of 16 mM NaOH at a flow
rate of 1 ml min−1 at 27°C. After isocratic elution
for 20 min, the column was washed with 1 M
NaOH for 20 min and then re-equilibrated with
16 mM NaOH for 15 min. The NaOH eluents
were pressurized with helium during analysis to
avoid carbon dioxide contamination from the air.
The post-column eluent was 1 M NaOH which
was delivered at a flow rate of 0.5 ml min−1 by
helium gas pressure using the Fluid Delivery
Module. The PAD conditions were as follows:
E1= +0.1 V, t1=480 ms, E2= +0.6 V, t2=120
ms, E3= −0.8 V, t3=120 ms. The resulting chro-
matographic data were integrated and calculated
using Waters Millennium software.

Fig. 1. Effect of TFA concentration and hydrolysis time on recovery of monosaccharides of pamiteplase. Hydrolysis was performed
in 2.5 M at 100°C. Monosaccharides were determined by the HPAEC-PAD as described in Section 2.
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Fig. 2. Effect of TFA concentration and hydrolysis time on recovery of monosaccharides of pamiteplase. Hydrolysis was performed
in 4 M TFA at 100°C. Monosaccharides were determined by the HPAEC-PAD as described in Section 2.

3. Results and discussion

3.1. Monosaccharide composition analysis

Pamiteplase drug substance contains sucrose
which is converted to glucose and fructose by acid
hydrolysis. The concentration of sucrose is more
than 1000 times higher than the concentrations of
monosaccharides derived from pamiteplase
oligosaccharides. Fructose would not interfere
with this monosaccharide analysis because it
eluted after 20 min in this HPAEC-PAD condi-
tion (data not shown). However, glucose (Glc)
would interfere with this analysis because it eluted
between Gal and Man. Therefore, RP-HPLC was
used to remove sucrose from pamiteplase drug
substance before acid hydrolysis. Acid hydrolysis
was performed using 2.5 and 4 M TFA at 100°C
and the liberated monosaccharides were deter-
mined by HPAEC-PAD. Maximum recovery was
observed using either 2.5 M TFA for 5–9 h (Fig.
1) or 4 M TFA for 3–5 h (Fig. 2). Because there
was no significant difference in recovery between

the two conditions, 4 M TFA for 4 h was selected
as an acid hydrolysis condition to reduce the total
analysis time.

After acid hydrolysis, the dried sample was
analyzed using HPAEC-PAD. Representative
chromatograms of monosaccharide standards and
pamiteplase drug substance by HPAEC-PAD are
shown in Fig. 3. Fuc, GlcN, Gal and Man were
detected from pamiteplase drug substance. Glc
observed in the chromatograms may be derived
from contamination or from remaining sucrose.
Although several unknown peaks which might be
derived from amino acids or peptides were ob-
served, they did not interfere with detection of
Fuc, GlcN, Gal and Man.

3.2. Linearity, repeatability and accuracy

The linearity of HPAEC-PAD was determined
using 20–200 pmol ml−1 of monosaccharide stan-
dards. The results are shown in Table 1. The
correlation coefficient for each monosaccharide
was more than 0.999. Repeatability was also ex-
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amined for the processes of HPAEC-PAD, acid
hydrolysis and sucrose removal. A monosaccha-
ride standard was used for HPAEC-PAD re-
peatability, and pamiteplase drug substance for
the total analysis. For repeatability of the pro-
cesses from acid hydrolysis to HPAEC-PAD, a
pooled main peak fraction obtained from multiple

injections of a sample on the RP-HPLC was
analyzed. The results are summarized in Table 2.
The R.S.D. (%) of total analysis was 2–7% and
that of the processes from acid hydrolysis to
HPAEC-PAD was 2–3% whereas that of
HPAEC-PAD was less than 1%. These results
indicate that most variability for this method is

Fig. 3. Representative chromatogram of standard monosaccharides (A) or monosaccharides from pamiteplase (B) by HPAEC-PAD.
Monosaccharides and pamiteplase drug substance were separated by RP-HPLC, hydrolyzed in 4 M TFA for 4 h and detected by
HPAEC-PAD as described in Section 2. The amount of each standard monosaccharide was 5 nmol (A), and each monosaccharide
was derived from approximately 1 nmol of pamiteplase (B).
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Table 1
Linearity data for monosaccharide analysis by HPAEC-PADa

Correlation Slope Intercept
coefficient

22.790.084\0.9999 0.33090.514Fuc
29.090.130GlcN −0.24890.797\0.9999
22.290.108\0.9999 0.42390.662Gal
21.790.387Man 0.12092.3740.9995

a Analyses were performed at concentrations of 20, 50, 100,
150 and 200 pmol ml−1. The results of slope and intercept are
expressed as mean9S.E.

3.3. Monosaccharide composition of pamiteplase

Five different lots of pamiteplase drug sub-
stance were analyzed with this method. The re-
sults are shown in Table 4. The monosaccharide
compositions obtained from all five lots of drug
substance were consistent. The average amounts
of Fuc, GlcN, Gal and Man were 1.8, 4.3, 2.7 and
2.5 (mol/mol pamiteplase), respectively, which is
quite different from those of other native t-PAs
[15,16] previously reported. Specifically, the man-
nose content of pamiteplase was much lower than
those of native t-PAs, which have high-mannose-
type oligosaccharides at 117Asn and complex-type
ones at 184Asn and 448Asn [17–20]. However, the
monosaccharide composition of pamiteplase was
similar to that of complex-type oligosaccharides
at 448Asn of the genetically engineered t-PA vari-
ant [21], which contains Gln in place of 117Asn
and 184Asn (Table 4). These results suggest that
the major oligosaccharides of pamiteplase are
complex-type and that pamiteplase lacks high-
mannose-type oligosaccharides. This seems to be
reasonable since pamiteplase lacks the 117Asn in
the kringle-1 domain (del. 92–173) which high-
mannose-type oligosaccharides normally attach
to. The lack of high-mannose-type oligosaccha-
rides of pamiteplase may cause its slower clear-
ance rate of pamiteplase from plasma in vivo than
that of native t-PA [12,13].

The observed fucose content (1.8 mol/mol) was
more than the theoretical maximum fucose con-
tent (1 mol/mol) of the fucosylated complex-type
oligosaccharides. Native t-PA has an O-linked
fucose attached to 61Thr in the epidermal growth
factor domain [22] and pamiteplase has a fucose
at the same position (Shimizu et al., unpublished
data). It is thought that the fucose measured may
come from the fucose of the fucosylated complex-
type oligosaccharides and the O-linked fucose at
61Thr.

In conclusion, the monosaccharide composition
of neutral and amino sugars of pamiteplase was
analyzed by HPAEC-PAD after removal of su-
crose by RP-HPLC and hydrolysis by TFA. In
HPAEC-PAD analysis after hydrolysis, Fuc,
GlcN, Gal and Man were detected. The obtained
monosaccharide composition suggests that

Table 2
Repeatability data for monosaccharide analysisa

R.S.D. (%)

GlcN Gal ManFuc

0.980.66 0.750.49HPAEC-PAD
3.19 3.26 2.22Hydrolysis and HPAEC- 3.48

PAD
6.65 6.97 5.73Total analysis 1.99

a Results were obtained from seven replicates.

Table 3
Accuracy data for monosaccharide analysis

Fuc GlcN Gal Man

Recovery (%) 99.994.8 100.1 89.3
96.3 92.6 96.7 90.6
89.2 91.9 94.0 94.8

93.4 91.5Mean (%) 96.994.8
3.23.14.7R.S.D. (%) 4.0

derived from the processes of acid hydrolysis and
sucrose removal.

Recovery was examined by spiking monosac-
charides into the main peak fraction. The results
are shown in Table 3. Mean recovery (%) of each
monosaccharide was more than 90%. The mean
recovery of mannose (91.5%) was slightly less
than those of other monosaccharides (93.4–
96.9%). The decrease of mannose recovery might
be due to interference with mannose PAD detec-
tion by lysine, which has been reported by
Weitzhandler et al. [14].
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Table 4
Monosaccharide analysis of five lots of pamiteplase drug substance

Lot Amount (mol/mol)a

ManGalGlcNFuc

A 1.8790.05 4.3890.16 2.4990.452.8490.33
2.5490.13B 1.7690.07 4.3690.31 2.7190.07

1.8190.14C 4.3890.26 2.7590.23 2.5290.24
1.7490.07 4.2490.33D 2.6390.16 2.4190.21
1.7390.16 4.1490.31E 2.5990.24 2.4590.27

1.78 2.70Average 4.30 2.48
5.92.1Ref.b 11.03.9

2.5Ref.c 7.4 3.7 9.8
Ref.d Biantennary 321 4

331Triantennary 5

a Results are expressed as mean values9S.D. from three independent assays.
b The monosaccharide composition of a human t-PA reported by Taverna et al. [15].
c The monosaccharide composition of a human t-PA reported by Vehar et al. [16].
d The theoretical monosaccharide compositions of the biantennary and triantennary complex-type oligosaccharides of a genetically

engineered human t-PA variant (Nimitz et al. [21]).

pamiteplase has complex-type oligosaccharides
but lacks high-mannose-type oligosaccharides.
The data for linearity, precision and accuracy
show that this method is also useful to monitor
product consistency of pamiteplase.
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