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Hydroxyethyl starch 130/0.4 (HES130/0.4) is a macromolecular polysaccharide with polydispersity, which
is widely used as a plasma expander. Full-profile bioanalysis of HES130/0.4 is required to characterize
its plasma pharmacokinetics, yet current analytical technologies struggle with this task due to its com-
plex structure and composition. To address this existing lacuna within the realm of analytical science,
we propose a liquid chromatography-electrospray ionization mass spectrometry (LC-ESI-MS) methodol-
ogy for the full-profile bioanalysis of HES130/0.4. Amide column separation with gradient optimization
eluted polydisperse HES130/0.4 as a single symmetric peak. In-source collision-induced dissociation (IS-
CID) converted the numerous precursor ions of HES130/0.4 into a limited number of characteristic frag-
ment ions, from which m/z 597.4 was selected as the "pseudo-precursor ion" for MRM quantification. The
ion transition m/z 597.4 — 435.3 was identified as the quantitative ion pair. The method demonstrated
a linear calibration curve from 40pug/mL to 4000 ug/mL, with accuracy and precision meeting acceptance
criteria, confirming its reliability and reproducibility. Subsequently, the workflow was successfully applied
to investigate the pharmacokinetics of HES130/0.4 in rat, revealing its large distribution volume and rapid
elimination within 24 h. This work provides a straightforward approach for the full-profile quantification
of HES130/0.4 in biological samples, overcoming the limitations of traditional methods in terms of poor
specificity, low sensitivity and narrow linear range, and providing a reference for the in vivo full-profile
bioanalysis of HES130/0.4 and other polysaccharides.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Polysaccharides, the most abundant natural carbohydrate poly-
mers, exhibit broad-spectrum pharmacological activities - includ-
ing antitumor, immunomodulatory, antibacterial, and antioxidant
properties [1-3], making them attractive candidates for drug de-
velopment. Their biocompatibility underlies its utility in biomedi-
cal applications, including colloidal plasma expanders and drug de-
livery systems [4-6]. Characterizing polysaccharide pharmacokinet-
ics (PK) requires quantification of intact macromolecule, yet ana-
lytical challenges persist due to polydispersity, structural complex-
ity, low ionization efficiency, and chromophore absence. Current
methods rely on indirect quantification via hydrolytic cleavage into
monosaccharides/oligosaccharides, requiring rigorous optimization
to control the generation of hydrolysis products [7], yet repro-
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ducibility remains elusive [8]. Derivatization steps, often required
to enhance sensitivity/separation, entail labor-intensive procedures
and byproduct formation, thereby increasing the risk of assay bias
[9,10].

Hydroxyethyl starch 130/0.4 (HES130/0.4) is a derivative of
polysaccharide. It is derived from the chemical denaturation of
starch molecules, a process that involves the incorporation of hy-
droxyethyl groups (HE) at the C2, C3, or C6 free hydroxyl positions
(Fig. 1), with a compact hyperbranched structure of 14.74 £ 2.01 nm
in diameter [11]. Its high molecular weight (130,000 20,000 Da)
and amylase resistance (molar substitution=0.4, C;/Cg=9) en-
dows HES130/0.4 with prolonged intravascular retention and sus-
tained oncotic pressure maintenance, enabling its clinical use as
an intravenous volume expander to treat hypovolemic shock in
trauma or hemorrhagic scenarios [12,13]. Moreover, HES130/0.4 is
a promising drug delivery platform [14-16]. Notably, the osmotic
effect of HES130/0.4 depends on the number of particles present
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Fig. 1. Structure of hydroxyethyl starch.

in the circulation [17], indicating that efficacy is fundamentally
dependent on circulating macromolecular HES130/0.4. Its half-life
dictates expansion duration. However, its structural complexity -
characterized by high molecular weight and polydispersity - poses
significant challenges for direct chemical analysis and quantifica-
tion.

As shown in Table 1, current bioanalytical methods for de-
tecting HES in biological matrices predominantly employ indirect
approaches involving hydrolysis or enzymatic conversion to glu-
cose/oligosaccharides, followed by colorimetric, enzymatic, or mass
spectrometry quantification [18-26]. These indirect methods are
typically intricate and time-consuming. Due to the lack of stan-
dards for specific hydrolysis products, such as HE-substituted glu-
cose, indirect quantification of HES can only be achieved by mea-
suring the amount of glucose. In this case, endogenous glucose or
glycogen that exists in the biological matrix can confound the as-
say, leading to suboptimal specificity. Owing to its complex macro-
molecular structure and inherent polydispersity, fully profiling HES
presents a significant challenge. Only a limited number of studies
have employed direct analysis (Table 1). A colorimetric assay was
used to quantify HES in plasma, but it suffered from poor speci-
ficity. The in-source fragmentation strategy enables direct urinary
HES detection with minimal sample preparation. However, such
approaches exhibit narrow dynamic ranges and insufficient sensi-
tivity for complex biological matrices like plasma.

This study introduces a tailored method for macromolecular
HES130/0.4 quantification, combining protein precipitation, high
performance liquid chromatography (HPLC) separation, and in-
source collision-induced dissociation (IS-CID) integrated with mul-
tiple reactions monitoring (MRM) techniques. Optimized column
gradients eluted polydisperse HES130/0.4 as a single symmet-
ric peak. IS-CID converts HES130/0.4’s complex precursor ions to
a limited number of common characteristic fragments for MRM
quantification. The workflow was validated and successfully ap-
plied to investigate the PK of HES130/0.4 in rats, revealing its
large distribution volume and rapid elimination within 24 h. This
full-profile direct method simplifies sample processing while pre-
serving intact HES130/0.4 in biological matrices, yielding PK data
closer to the actual situation, thereby enabling precise elucida-
tion of the pharmacokinetics-pharmacodynamics (PK-PD) correla-
tion. Additionally, it establishes a benchmark for comprehensive
polysaccharide direct quantification.

We conducted a comprehensive characterization and analysis
of the parent ion profile of HES130/0.4 using mass spectrometry.
HES130/0.4 is a macromolecular polysaccharide, exhibiting polydis-
persity through variations in the molecular weight, the number of
charges acquired during ionization, and the types of adduct ions
formed, which complicates the identification of precursor ions for
quantification purposes. Furthermore, like other polysaccharides,
HES130/0.4 is highly susceptible to fragmentation within the ion
source [22,23,27]. Therefore, despite meticulous optimization of
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the instrumental parameters, the detection of the parent ions re-
mained elusive.

The propensity for fragmentation within the ion source
presents a strategic approach for the quantitative analysis of
HES130/0.4. IS-CID refers to the fragmentation of parent ions
within the ion source due to declustering potential (DP), this pro-
cess should typically be avoided in MS analysis. However, for
HES130/0.4, IS-CID via a high DP in the ion source simplifies the
MS pattern by converting numerous complex precursor ions into a
limited number of common characteristic fragment ions, referred
to as "pseudo-precursor ions". These "pseudo-precursor ions" are
subsequently subjected to further fragmentation through collision
energy (CE) to produce product ions suitable for MRM screening
(Fig. 2A).

As shown in Fig. 2B, IS-CID analysis of HES130/0.4 yielded char-
acteristic fragment ions differing by one or more dehydrated glu-
cose units and/or HE group substitutions. For example, m/z 597.33,
641.36, 803.28, and 847.29, corresponding to structures with three
glucose units accompanied by two or three HE groups, and four
glucose units with three or four HE groups ([3GLU+2HE+Na]*,
[3GLU+3HE+Na]*, [4GLU+3HE+Na]*, [4GLU+4HE+Na]*). Further-
more, hydrogenated adducts were detected at m/z 207.16, 251.23,
369.22, and 413.22, assigned as [GLU+HE+H|", [GLU+2HE+H]*,
[2GLU+HE+H] ", and [2GLU+2HE+H]*, respectively.

Subsequently, the CE was increased to investigate the prod-
uct ions at m/z 597.23 (sodium addition peak) and 413.15 (hy-
drogenation peak), which are "pseudo-parent ions" of HES130/0.4,
respectively. As shown in Fig. 2C, at a CE of 50 eV, the glyco-
sidic bond of the ion with m/z 597.23 undergoes further cleavage,
yielding fragments like m/z 435.24 ([2GLU+2HE+Na]*), m/z 391.27
([2GLU+HE+Na]*), and m/z 273.23 ([GLU+2HE+Na]*), among oth-
ers. Some fragments associated with the glucose unit, such as
m/z 347.32 ([2GLU+Na]*), were also detected since some of the
hydroxyl groups were not substituted by the HE group. In con-
trast, the hydrogenated ion tended to fragment more readily in
the quadrupole (CE=15eV), and its fragmentation pattern gener-
ally resembled that of the sodium-added ion, with the notable dif-
ference that a distinct dehydration peak was observed, for exam-
ple, at m/z 189.13. Further dehydration elimination by m/z 189.13
produced m/z 171.24, and m/z 129.22 could be a fragment ion pro-
duced by successive elimination of formaldehyde by m/z 189.13.

In terms of chromatography, size exclusion chromatography
(SEC) columns are used for the analysis of polysaccharides.
However, due to polydispersity, the peaks obtained on SEC for
HES130/0.4 are often broad and asymmetric, with poor sensitiv-
ity and linearity. Besides, the strong polarity of HES130/0.4 re-
duces its retention on the Cg and Cig columns. Notably, amino
columns have demonstrated efficacy in analyzing hydrolysates of
HES130/0.4, including glucose and other oligosaccharides. In this
study, a polar amide group modified ACCHROM XAmide column
100A (3.0mm x 100 mm, 5pm) was selected. Compared with the
amino column, the amide column has better separation effect,
wider pH range and higher stability. Additionally, the polar groups
shield the silanol groups, minimizing interactions with HES130/0.4
and significantly improving peak shapes.

To achieve the elution of polydisperse HES130/0.4 as a sin-
gle peak, we meticulously optimized the chromatographic elution
program. The optimized gradient profile is as follows: 0—1.2 min
60% B; 1.2-2.4min 60% — 10% B; 2.4-3.6min 10% — 2%
B; 3.6-54min 2% B; 54-6.0min 2% — 60% B; 6.0—7.5min
60% B. Moreover, when acetonitrile was employed as the or-
ganic phase and formic acid as the modifier, the peak shape of
HES130/0.4 became narrow and symmetric, exhibiting better sensi-
tivity and selectivity. Under optimized chromatographic conditions,
all characteristic ion pairs exhibited symmetrical single peaks with
consistent retention times (2.6 min), validating the detection of
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Fig. 2. (A) Schematic diagram of IS-CID. (B) Mass spectrum of HES130/0.4 acquired by IS-CID (DP=300V). The characteristic fragments of HES130/0.4, produced through
IS-CID, fall into two principal categories. The sodium-adduct ion, highlighted in purple, and the hydrogenated ion, highlighted in blue. (C) MS/MS spectra of m/z 597.23 and

413.15.

Fig. 3. Representative chromatograms of different ion channels obtained using the
in-source collision-induced dissociation integrated with multiple reactions monitor-
ing (IS-CID-MRM) method for the determination of HES130/0.4.

HES130/0.4 and the method’s specificity (Fig. 3). The ion transition
m/z 597.4 — 435.3 was selected as the quantitative pair due to its
highest signal intensity. The details were provided in Supporting
information.

Common sample pretreatment methods include protein precip-
itation (PPT), liquid-liquid extraction (LLE), and solid-phase extrac-
tion (SPE). HES130/0.4 is not amenable to LLE due to its high

polarity. The procedure for SPE is intricate and time-consuming,
whereas PPT offers a straightforward process. The method largely
circumvents analyte loss during processing. However, character-
ized by a multitude of hydroxyl groups and a negative charge,
HES130/0.4 is inclined to interact and co-precipitate with plasma
proteins. This necessitates further optimization of the treatment. In
this study, various precipitation reagents were assessed as demon-
strated in Fig. S1 (Supporting information). It is evident that ace-
tonitrile was ineffective in disrupting the interactions between
HES130/0.4 and plasma proteins. In contrast, methanol exhibited
relatively high recovery. Subsequently, an appropriate amount of
formic acid addition to methanol adjusted the pH, reducing elec-
trostatic interactions between HES130/0.4 and plasma proteins and
improving recovery. Finally, methanol containing 0.03 % formic acid
was selected as the precipitation reagent. Suitable internal stan-
dards can effectively address the issue of quantitative inaccuracies
caused by matrix effects. After screening, xylotetraose was chosen
as the internal standard in this study. Details can be found in Sup-
porting information.

Subsequently, the specificity, selectivity, standard curves and
ranges, accuracy and precision, carryover and associated stability of
the method were systematically examined in this study. To assess
the presence of interference from complex biological matrices in
this method, the chromatograms of blank plasma, plasma samples
containing analytes HES130/0.4 and internal standard were com-
pared in this study. The results are shown in Fig. S3 (Supporting
information). The retention times of HES130/0.4 and internal stan-
dard were 2.63 and 1.11 min, respectively. No significant interfer-
ence from endogenous substances was observed at the retention
time of the analyte and internal standard in blank plasma. Car-
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Fig. 4. Mean plasma concentration-time curve of HES130/0.4 after a single intra-
venous injection of 300 mg/kg HES130/0.4 to rat (data are mean +SD, n=6).

ryover was less than 15% of the LLOQ, meeting the requirements
of bioanalytical method validation. The assays demonstrated lin-
earity over the range of 40-4000ug/mL in rat plasma. The regres-
sion equation was y=0.00134x+0.0166 (r=0.995), where y rep-
resents the analyte/internal standard peak area ratio and x repre-
sents concentration. A representative linearity curve was given in
Fig. S4 (Supporting information). The method has a wider linear
range than other published screening methods [23,27].

The accuracy and precision validation of the method at LLOQ,
LQC, MQC, and HQC concentration levels are listed in Table S1
(Supporting information). The intra-and inter-day accuracy and
precision were <15%, suggesting that the method is reliable and
reproducible. The plasma matrix effect ranged from 102 %-107 %
(Table S2 in Supporting information). The extraction recoveries of
HES130/0.4 ranged from 95.3% to 106 % (Table S3 in Supporting in-
formation). Hence the extraction method used in this study was
reproducible and exhibited a high rate of recovery. In addition, the
stability of HES130/0.4 was investigated after 4 h at room tempera-
ture, 48 h under autosampler conditions and three freeze-thaw cy-
cles. The results showed that HES130/0.4 in the biological matrix
was stable under all storage conditions (Table S4 in Supporting in-
formation). These results indicate that the method developed in
this study is highly specific, sensitive, stable and reproducible.

The validated method was then employed to assess plasma
pharmacokinetics in rats (3 males, 3 females, weight 200+ 10g)
following an intravenous injection of 300 mg/kg HES130/0.4. All
animal procedures were performed in accordance with proto-
cols approved (No. YNPZXM2023012) by the Institutional Animal
Care and Use Committee of Jilin University. The mean plasma
concentration-time curve of HES130/0.4 is depicted in Fig. 4. Com-
prehensive data for each rat is available in Table S5 (Support-
ing information). The area under the concentration-time curve
(AUCy_;) was 5245 + 646 hpg/mL, constituting >93 % of the AUCg_,,
of 5598 + 633 hug/mL. This indicates that HES130/0.4 is thoroughly
eliminated from rat plasma within 24 h. The elimination half-life
(ty2) was 3.71 £0.49 h. The mean apparent volume of distribution
(V) was 291 +£55.8 mL/kg, which exceeds the plasma volume in
rats (31.2mL/kg) but is less than the extracellular fluid volume in
rats (296.8 mL/kg) [28], suggesting that HES130/0.4 in plasma is
more broadly distributed outside the cells. Additionally, t-tests of
important parameters such as AUCq., ty,, clearance (CL) and V; in
female and male rats showed that there was no male-female dif-
ference in the pharmacokinetics of HES130/0.4.

Characterizing HES130/0.4’s plasma PK is critical for under-
standing its PK-PD relationship. Prior hydrolysis-based methods
failed to reflect in vivo profiles due to endogenous glucose in-
terference, while published direct methods suffered from poor
specificity, broad peaks, and limited linearity. This study intro-
duces an innovative direct quantification method using IS-CID-
MRM, addressing these limitations by preserving intact HES130/0.4
in plasma, improving peak symmetry, and expanding linearity. The
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resulting PK data more accurately reflects physiological reality, en-
abling precise PK-PD correlation analysis.

While the method developed in this study effectively miti-
gates the glucose interference typically encountered in traditional
pharmacokinetic studies, it currently lacks the ability to distin-
guish between HES130/0.4 and its complex and diverse metabo-
lites. This limitation may affect the accuracy of pharmacokinetic
analyses. Following intravenous injection, HES130/0.4 undergoes
rapid «-amylase-mediated degradation with stochastic cleavage
sites, theoretically producing a heterogeneous mixture of oligo-
/polysaccharides with varying molecular weights. However, the os-
motic efficacy of HES130/0.4 as a plasma volume expander re-
lies on the number of particles present in circulation. This indi-
cates that all circulating HES130/0.4 macromolecules—not just un-
metabolized forms—contribute to sustaining colloid osmotic pres-
sure. Therefore, the inability to differentiate HES130/0.4 from its
metabolites has only limited impact the reliability of efficacy.

Current metabolite identification studies of HES130/0.4 remain
restricted to urine, providing only broad molecular weight distri-
butions that underscore the complexity of HES130/0.4 catabolism.
Various methodologies, such as chromatography, capillary elec-
trophoresis, and ion mobility spectrometry, have enabled in vitro
separation of oligosaccharides, while nuclear magnetic resonance
(NMR) and mass spectrometry techniques permit structural char-
acterization of specific configurations [29-31]. However, these ap-
proaches remain constrained to analyzing a limited subset of
oligosaccharides under controlled conditions and face significant
challenges in resolving the vast complexity of HES130/0.4 metabo-
lites (oligosaccharides and polysaccharides) within intricate bi-
ological matrices. Notably, the present study has demonstrated
the identification of up to 200 human milk oligosaccharide com-
pounds with a maximum degree of polymerization of 13 using
a four-dimensional all-ion fragmentation liquid chromatography-
electrospray ionization-ion mobility-mass spectrometry strategy
[32]. This breakthrough highlights the potential of integrating or-
thogonal separation techniques to resolve highly intricate carbohy-
drate mixtures, providing a roadmap for comprehensive character-
ization of complex polysaccharides metabolites.
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