
Hydrophilic interaction chromatography (HILIC) is used for 
the quantitation of sucrose in the range of 10–100 µg/mL.
A poly-2-hydroxyethylaspartamide column is eluted with 25%
water–75% acetonitrile, and evaporative light scattering is utilized
for detection. A process sample of antithrombin (Atenativ) from
Octapharma AB (Stockholm, Sweden) containing 20% sucrose is
analyzed. The precision for this high-performance liquid
chromatographic method is a percent relative standard deviation
(%RSD) of 4, limit of detection (s/n = 3) of 1 µg/mL, and mean
recovery of spiked samples of 101% (RSD% of 3, n = 6). Analysis
time is 10 min/sample. Glucose, fructose, sodium citrate, sodium
phosphate, Triton X-100, and tri-n-butyl phosphate do not interfere
with the method.

Introduction

The quantitation of neutral carbohydrates is often performed
by high-performance liquid chromatography (HPLC) tech-
niques. Normal-phase chromatography (NPC), using amino-
bonded silica columns, are among the most used methods (1).
NPC diol columns have also been used (2), but diol columns
usually give a lower selectivity compared with amino columns.
Other techniques used for the analysis of neutral carbohy-
drates include high-performance anion-exchange chromatog-
raphy (HPAEC). In HPAEC, a very alkali mobile phase is used,
which ionizes sugar hydroxyl groups. The carbohydrates are
then bound to the anion exchange column, which is followed
by elution (e.g., using a sodium acetate gradient), and a pulsed
amperometric detector (PAD) is often used for detection (3).
Reversed-phase chromatography (RPC) of reducing carbohy-
drates, after derivatization of the reducing end by attachment
of a hydrophobic chromophore or a fluorophore, is a widely

used technique (4,5). Cyclodextrin-bonded silica gel columns
have also been used for carbohydrate analysis (6).

Hydrophilic interaction chromatography (HILIC), a variant
of NPC, consists of a hydrophilic stationary phase combined
with a mostly organic mobile phase, and elution is usually
performed by increasing the water concentration. HILIC was
introduced by Alpert in 1990 (7) and has been used for analysis
of many types of carbohydrates (7,8), peptides (9), and amino
acids (10).

Direct detection of carbohydrates by UV absorbance or fluo-
rescence is usually not possible and refractive index (RI) detec-
tors are therefore commonly used. Nevertheless, RI detectors
suffer from such disadvantages as low sensitivity, noncompat-
ibility with gradient elution, and being affected by small fluc-
tuations in temperature and pressure. Evaporative light
scattering detection (ELSD) is currently used as a semiuni-
versal HPLC detector because it is compatible with gradient
elution and is widely used for the detection of nonvolatile com-
pounds such as carbohydrates (1,11) and lipids (12). ELSD is
based on the light scattering detection of nonvolatile com-
pounds after nebulization and evaporation of the mobile phase.

Human antithrombin (AT) is the prime plasma serine-pro-
tease inhibitor that inhibits several proteases in the coagulation
system, including thrombin and Factor Xa. It thus plays a
major role in the regulation of blood coagulation. The rate of
inhibition of thrombin is strongly enhanced by the binding of
heparin to AT (13). The total molecular weight of AT, which is
glycosylated on four amino acid residue positions, is 58 kDa
(14), 15% of which consists of carbohydrates (15). AT is a rec-
ognized pharmaceutical treatment for patients with congenital
AT deficiency, and has also been investigated for treatment in
acquired AT deficiency conditions such as sepsis and dissemi-
nated intravascular coagulation syndrome (13,16).

Disaccharides, especially sucrose, and other polyhydroxy-
lated compounds, such as glycerol, have been widely used as
stabilizers in protein solutions (17). A combination of high
concentrations of both sucrose and citrate was shown to be
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effective in stabilizing AT during the pasteurization step
(18,19).

In this work, HILIC was used with ELSD detection to quan-
titate sucrose, which was used as a stabilizer of antithrombin
during the antivirus heat treatment.

Experimental

Sucrose, sodium phosphate, and Triton X-100 were obtained
from Merck (Darmstadt, Germany) and D-glucose, sodium cit-
rate, and D-fructose (all analytical grade) were from Sigma
(Munich, Germany). Acetonitrile (Far UV) and 1-propanol
(HPLC grade) were obtained from Labscan (Dublin, Ireland),
and analytical-grade tri-n-butyl phosphate (TNBP) was from
Fluka (Ronkonkoma, NY). Water was taken from a MilliQ appa-
ratus (Millipore, Molsheim, France).

Preparation of antithrombin
A process sample of the AT product (Atenativ) from

Octapharma AB (Stockholm, Sweden) was used. AT was pre-
pared from pooled plasma from human donors by a process
that included heparin affinity chromatography and salt pre-
cipitation, as previously described (19,20). Virus inactivation of
this AT product was performed in two steps. First, a solvent
detergent (S/D) method was used to inactivate lipid-enveloped
viruses (such as HIV, hepatitis B, and hepatitis C) by incubation
in 1% (w/v) Triton X-100, 0.3% (w/v) TNBP, 50 mmol/L sodium
phosphate (pH 7.5) according to Horowitz et al. (21). Then,
after removal of the S/D chemicals by precipitation (22), soy oil
extraction, and phase separation, AT was filtered and then pas-
teurized at 60°C for 10 h in a solution containing 20% (w/v)
sucrose, 1.1 mol/L sodium citrate, and 50 mmol/L sodium
phosphate (pH 7.5) (19), based on previous work (18). After a
second heparin affinity chromatography step to remove small
amounts of denatured AT that was generated during the pas-
teurization, the Atenativ product was diafiltrated and concen-
trated, formulated, and sterile filtered (0.22-µm pores) before
being dispensed in vials and lyophilized (19). The analysis of
sucrose was performed on an AT process sample and collected
before the pasteurization step in the AT process described pre-
viously. The nominal content of this AT process sample was 3
mg/mL protein, approximately 20% (w/v) sucrose, 1.1 mol/L
trisodium citrate, and 50 mmol/L sodium phosphate (pH 7.5).

Quantitation of sucrose by the HILIC HPLC method 
A Waters Alliance 2695 HPLC system with a 996 PDA UV

detector and Millennium controlling software (Waters, Mil-
ford, MA) was used. The main detection was carried out using
an ELSD detector (Sedex 75) from Sedere (Vitry sur Seine,
France) coupled inline after the UV detector. Nitrogen was
used as the ELSD nebulizer gas (3.5 bar), at a temperature of
35°C, and the gain was set to 8. The HPLC system included a
silica-based poly-2-hydroxyethylaspartamide HILIC column
(polyhydroxyethyl A, 300 Å, 5 µm, 200- × 4.6-mm i.d.) (Poly LC,
Columbia, MD). The column was run at room temperature (~
22°C), and the samples were held in the autosampler at the

same temperature during the analysis. The mobile phase used
for elution contained 25% water–75% acetonitrile. The flow
rate was 1.0 mL/min and the injection volume was 60 µL. 

The AT process sample, containing approximately 200
mg/mL sucrose, was first diluted 400 times in water and then
by a second dilution 10 times in 1-propanol before being cen-
trifuged for 10 min at 7,000 g to remove traces of precipitated
proteins and salts. The supernatant was finally injected on the
HILIC column. Selectivity was investigated by injecting sam-
ples containing 100 µg/mL of glucose, fructose, trisodium cit-
rate, sodium phosphate (pH 7.5), Triton X-100, and TNBP. Six
independent analyses were performed with separately made
standard curve samples (10, 20, 40, 60, 80, and 100 µg/mL
sucrose, n = 6) and sample preparations of AT. Spiked AT, with
10% added sucrose, and two additional samples, containing 15
and 80 µg/mL sucrose, were also analyzed. All samples were
injected in 10% water–90% 1-propanol (single injections) and
a log–log linear plot was used for the standard curves.

Results and Discussion 

The HILIC method presented here, with a total analysis time
of 10 min, gave a distinctive sucrose peak at a retention time
of approximately 7.5 min (Figure 1). The log–log linear fit of
the standard curve (10–100 µg/mL), gave a very high squared
correlation coefficient (> 0.9995, n = 6) (Table I). ELSD detec-
tors give an exponential response, which is often transformed
to a linear function by a double log plot (1). When the diluted
AT process sample was analyzed, the sucrose peak was the only
detectable peak in the chromatogram (Figure 1D).

From the analyses of the AT process sample, a mean con-
centration of 46.0 µg/mL (n = 6) sucrose was obtained, corre-
sponding to 18.4% in the original sample, which is in
concordance with the expected value of approximately 20%
sucrose (Table I). When six independent analyses were per-
formed, the method precision was 4 RSD% for the AT process
sample, and the mean recovery of the spiked AT sample (with
10% added sucrose) was 101%. Two samples with sucrose, at
concentrations of 15 and 80 µg/mL, gave method precision of
4 and 3 RSD%, respectively. The repeatability was 1 RSD% (n
= 6) at 50 µg/mL (Table I). The values for precision, recovery,
and repeatability were considered to be satisfactory for the
analysis of the stabilizer sucrose. In addition, the analysis time
is short (10 min per sample), which is beneficial in a produc-
tion environment.

Specificity was investigated to evaluate if any of the sub-
stances present in the AT process sample could possibly inter-
fere with the analysis of sucrose. In addition, glucose and
fructose were also analyzed because the disaccharide sucrose
can be hydrolyzed to glucose and fructose. Triton X-100 and
TNBP were also analyzed because trace amounts of these S/D
chemicals could remain from the previous step in the produc-
tion process of AT. Glucose, fructose, and Triton X-100, all at
concentrations of 100 µg/mL, did not interfere with the
method, and none of the compounds gave any peak at the
retention time for sucrose (Figure 1). The monosaccharides
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glucose and fructose gave less retention on the polar HILIC
column than did the disaccharide sucrose, and both eluted at
approximately 1–2 min earlier. Both the reducing carbohy-
drates glucose and fructose gave partially resolved double peaks
(Figure 1), likely because of α- and β-anomers formed by

mutarotation (2,7). Triton X-100 gave almost no retention on
the HILIC column and eluted close to the void volume. TNBP
gave no detectable peak (results not shown), which was prob-
ably attributable to its rather low molecular weight and boiling
point. ELSD detection of semivolatile compounds such as

Figure 1. Hydrophilic interaction chromatography (HILIC) of sucrose. A poly-2-hydroxyethylaspartamide column was used at a flow rate of 1.0 mL/min. Elu-
tion was isocratically performed by 25% water–75% acetonitrile. The injection volume was 60 µL, and detection was performed by ELSD. (A) sucrose, 10 µg/mL;
(B) sucrose, 100 µg/mL; (C) glucose, 100 µg/mL; (D) AT process sample, diluted 4,000 times; (E) fructose, 100 µg/mL; and (F) Triton X-100, 100 µg/mL. The com-
pounds are indicated in the chromatograms. See the Experimental section for further details.

Table I. HILIC Anaysis of Sucrose*

Precision Recovery
Repeatability†

Linear 
Analysis correlation

Sample 1 Sample 2 AT Spiked AT tR Recovery
No. (r2) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (min) (%) (µg/mL)

1 0.9998 15.4 82.2 44.0 73.1 7.6 105.9 50.0
2 1.0000 14.8 79.6 46.1 70.2 7.5 98.7 50.7
3 1.0000 15.1 79.7 45.6 72.2 7.5 102.3 50.9
4 0.9998 15.9 80.6 47.1 69.6 7.5 96.5 51.0
5 0.9996 14.2 85.2 48.6 76.0 7.5 103.3 49.9
6 0.9999 14.8 79.7 44.7 70.0 7.5 100.4 50.7

Mean 15 81 46 72 7.5 101 51
RSD% 4 3 4 3 0.5 3 0.9

* Linear correlation of the log–log standard curve (10, 20, 40, 60, 80, and 100 µg/mL, n = 6) expressed as the squared correlation coefficient (r2). The AT process sample was
spiked with 10% sucrose, which corresponded to an addition of 25 µg/mL after dilution. Recovery was calculated from the obtained difference between spiked and not spiked
AT samples in respective analysis. The retention times (tR) are also indicated for the spiked samples. The nominal concentrations of sample 1, sample 2, and the repeatability
sample were 15, 80, and 50 µg/mL, respectively. See the Experimental section for further details. 

† Consecutive injections from the same vial, performed in analysis 1. 
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TNBP is difficult to accomplish because of the vaporization of
the analyte. Moreover, neither citrate nor phosphate gave any
visible peaks (results not shown), probably partly caused by the
precipitation of the salts by 90% 1-propanol, as used in the
sample pretreatment. The lowest concentration of sucrose in
the standard curve (10 µg/mL) gave a signal-to-noise ratio
(s/n) of approximately 90, and the limit of detection was esti-
mated to 1 µg/mL, giving a s/n of approximately 3 (Figure 2).
During method development, samples were first prepared in
25% water–75% acetonitrile (i.e., the same concentration as
that used in the HPLC method) however, this gave an unac-
ceptable high repeatability value (~ 4 RSD%, n = 6). This may
have been caused by a small precipitation of sucrose in the
sample vials so that when the samples were injected in 10%
water–90% 1-propanol an improved repeatability was obtained
(1 RSD%, see Table I). Propanol is a more polar solvent, and
therefore should give a higher solubility of sucrose compared
with acetonitrile. The obtained specificity for sucrose in this
HPLC method was considered to be sufficient, at least for the
AT process sample.

HPLC of carbohydrates has mainly been performed by NPC
on silica columns with an aminopropylsilane coating and often
in combination with a mobile phase consisting of approxi-
mately 80% acetonitrile in water. Thus, the organic/aqueous
property of the mobile phase is essentially the same as that
used in HILIC. One disadvantage with HILIC is that the sample
is usually injected in approximately 70–90% organics, which
would precipitate some salts and proteins. We used a quick cen-
trifugation step to remove trace amounts of precipitated pro-
teins and salts from the AT sample that contained 10% water

and 90% 1-propanol after the final dilution. Besides the poly-
2-hydroxyethylaspartamide column, other types of commer-
cially available HILIC columns include polysuccinimide-coated
columns from Poly LC Inc. (PolyGLYCOPLEX) (8), amide
columns (Amide-80, Tosohaas, Stuttgart, Germany) (10), and
zwitterionic stationary phases (ZIC HILIC, SeQuant AB, Umeå,
Sweden).

HPAEC also has a good selectivity for carbohydrates, as does
HILIC, but is not compatible with the direct detection by an
ELSD or a mass spectrometry instrument because of the non-
volatile nature of the HPAEC mobile phases.

In the production of the pharmaceutical antithrombin
product (Atenativ), a relatively high concentration of sucrose
[20% (w/v)] is present together with trisodium citrate (1.1
mol/L). They are used as stabilizing agents during the pas-
teurization, which is performed at 60°C for 10 h. This method
has been shown to inactivate several types of viruses and also
generate a small amount of inactive AT (19). The thermo-
dynamic stabilization of proteins by sucrose has been shown to
be attributable to a preferential exclusion of the sugar from the
surface of the protein, which causes a shift in the equilibrium
between protein states towards the most compact and stable
conformation (17,23). In addition, sucrose may decrease the
oxidation of methionine residues in proteins (24). Citrate
inhibits aggregation of antithrombin at higher temperatures,
which is believed to be caused by its lyotropic effect. This effect
influences the hydrophobic interactions within the proteins
(25), and thus citrate is often used as a stabilizer during the
pasteurization in the virus reduction procedure. Glycerol has
also been widely used as a protein stabilizer. 

Conclusion

A rapid and quantitative HPLC analytical method has been
developed using HILIC with ELSD detection to analyze sucrose
in pharmaceutical AT solutions. The method has a sufficient
specificity and also gives satisfactory precision and recovery.
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