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Quantitative  analysis  of peptides  in  biological  matrices  remains  a challenging  task.  This is  due  to the
low  dosage  and  the  complexity  of  both  the  matrix  and  the  analytical  characteristics  of peptides.  SS-
20 is  a tetrapeptide  compound  developed  for the  treatment  of  Parkinson’s  disease.  To investigate  the
pharmacokinetics  of SS-20,  a sensitive  and  rapid  liquid  chromatography  coupled  with  mass  spectrom-
etry  method  was  developed  and  validated.  An  aliquot  of 50 �L plasma  sample  was  extracted  via  solid
phase  extraction.  The  extracts  were  separated  using  a hydrophilic  interaction  liquid chromatography
column,  and were  then  detected  with  a triple  quadrupole  mass  spectrometer  using  electrospray  ion-
ization in  positive-ion  mode  and  selected  reaction  monitoring.  The  use  of  a deuterium-labeled  internal
pectrometry
eptide
harmacokinetics

standard  provided  acceptable  accuracy,  precision,  and  matrix  effect.  The  lower  limit  of  quantification
was  0.30  ng/mL.  The  linear  range  of  the  method  was  from  0.30  to  1000  ng/mL.  The intraday  and  interday
precisions  were  lower  than  10.2%  in terms  of  relative  standard  deviation,  and  the  accuracy  was  within
±2.1%  in  terms  of  relative  error.  The  validated  LC–MS/MS  method  was  successfully  applied  to a  pharma-
cokinetic  study  of  SS-20  following  an  intravenous  or subcutaneous  injection  administration  of  1.0  mg/kg
to Sprague-Dawley  rats.
. Introduction

Biomolecules such as therapeutic peptide and proteins have
ecently received prominence in the pharmaceutical industry
ecause they tend to be less toxic and have less drug–drug

nteraction susceptibilities than small molecule drugs. Therapeu-
ic proteins currently represent over 25% of newly approved
rugs on the European market, and half of all drugs in the
evelopment phase [1]. The pharmacokinetics and pharmacoki-
etic/pharmacodynamic relationships affect each stage of the
evelopment of peptides. To develop these biomolecules further,
uantification techniques for these analytes in the biological matrix
re greatly needed. However, the main challenge in developing
hese analytes is quantifying them in biological environments. Most
f the conventional peptide quantification is by immunoassays.
mmunoassays can provide better limits of quantification. How-
ver, immunoassays often quantify the total amount of structurally

elated peptides, limiting the accuracy of the analysis. Although liq-
id chromatography with tandem mass spectrometry (LC–MS/MS)

s the method of choice for sensitive and selective detection of

∗ Corresponding author. Tel.: +86 21 50800738; fax: +86 21 50800738.
E-mail addresses: dfzhong@mail.shcnc.ac.cn, zhongdf@china.com (D. Zhong).
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compounds in complex biological matrices, it still has some draw-
backs for peptide quantification. Peptides are composed of amino
acids that are similar to endogenous peptides, making the sepa-
ration of these peptides from the biological matrix difficult. The
separation of the peptide from interfering matrix components prior
to detection by sample pre-treatment and chromatography separa-
tion are extremely important. Peptides are easily absorbed onto the
container surface, which becomes another challenge for develop-
ing an appropriate method for peptide quantification. Solid phase
extraction or precipitation is the most efficient sample prepara-
tion for peptide quantification in biological matrix, which provide
sufficient deproteinization, desalting, and clean-up [2,3]. Reversed
phase liquid chromatography (RP-LC) [2,3] and ion-exchange chro-
matography (IEC) [3] are among the widely used stationary phases
for separating peptides from interfering components. Hydrophilic
interaction chromatography (HILIC) uses polar stationary phases
combined with aqueous mobile phases, which provides better
solubility for peptides. The advantage of separating the polar com-
pounds makes the HILIC column popular.

Yoshida reviewed peptide separations using HILIC [4].  Weng

reviewed recent advances in application of HILIC for quantitative
bioanalysis [5]. Thus far, only few quantitative HILIC assays have
been performed for peptides in biological matrices. In the cur-
rent study, SS-20 was used as a model peptide in developing a

dx.doi.org/10.1016/j.jchromb.2011.06.033
http://www.sciencedirect.com/science/journal/15700232
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elatively fast and sensitive quantification method for peptides by
ILIC column separation.

SS-20 (Phe-d-Arg-Phe-Lys–NH2), an SS (Szeto–Schiller) peptide,
s a drug candidate for the treatment of Parkinson’s disease [6].
he structural motif of SS peptides is centered on alternating
romatic residues and basic amino acids (aromatic–cationic pep-
ides) [7].  SS-20 is a synthetic tetrapeptide, which is potent (nM)
n preventing 1-methyl-4-phenylpyridinium (MPP+)-induced cell
eath in cultured dopamine cells (SN4741) [6].  SS-20 is structurally
imilar to DALDA (Tyr-d-Arg-Phe-Lys–NH2), which is a mu  opioid-
eceptor agonist. Grigoriants et al. [8] reported a cf-LSIMS method
or DALDA quantification in ovine plasma, with a limit of detec-
ion of 4.00 ng/mL and a total run time of more than 20 min. Wan
t al. [9] developed an online liquid chromatography coupled with

 quadrupole time-of-flight mass spectrometry for [Dmt1] DALDA
uantification in ovine plasma using C18 column separation. The

ower limit of quantification (LLOQ) was 4.00 ng/mL for a 200-�L
vine plasma, and the total run time was more than 14 min. Wan
t al. [10] later developed an liquid chromatography quadrupole
on-trap mass spectrometer for [Dmt1] DALDA quantification in
vine plasma with an LLOQ of 16.0 ng/mL and a run time of more
han 9 min. To investigate its pharmacokinetics, a reliable and fast
nalytical method with adequate sensitivity is necessary.

The aim of this study is to develop a rapid and sensitive
C–MS/MS method for SS-20 quantification in rat plasma. One of
he SS peptides has been studied in the clinical research phase. A

aters Atlantis HILIC column was used to separate SS-20 from the
iological matrix. The present method is the first attempt in SS
eptide quantification by HILIC column separation. This method
xhibited excellent performance in terms of high sensitivity, wide
inear concentration range, and short chromatographic run time.
fter full validation, the method was successfully applied to a
harmacokinetic study of SS-20 after intravenous or subcutaneous

njection of 1.0 mg/kg of SS-20 into rats.

. Experimental

.1. Reagents and materials

SS-20 (85.4%, peptide content) and d10-SS-20 (63.9%, peptide
ontent) were obtained from Stealth Peptides International (Shang-
ai) Inc. Methanol and acetonitrile (HPLC grade) were purchased

rom Sigma (St. Louis, MO,  USA). HPLC grade formic acid and acetic
cid were purchased from Tedia (Fairfield, OH, USA). Heparinized
lank (drug-free) rat plasma was supplied by the Laboratory Animal
enter of our institute. Millipore Milli-Q gradient purified water
Molsheim, France) was used throughout the study. An Oasis® HLB
artridge (30 mg,  1 mL)  was purchased from Waters Corp. (Milford,
A,  USA).

.2. Instrument

An Agilent 1100 liquid chromatography system equipped with
 G1311A quaternary pump, a G1322A vacuum degasser, a G1316A
hermostatted column oven, and a G1367A autosampler (Agilent,

aldbronn, Germany) was used. Mass spectrometric detection
as performed on a Thermo Finnigan TSQ Quantum Ultra triple

uadrupole instrument (San Jose, CA, USA) in selective reaction
onitoring (SRM) mode. An electrospray ionization (ESI) interface

n positive ionization mode was used. The Agilent ChemStation
nd Finnigan Xcalibur software packages were used to control the
C–MS/MS, as well as data acquisition and processing.
.3. Chromatographic conditions

Chromatographic separation of the prepared samples
as achieved at 25 ◦C using Atlantis® HILIC Silica column
 879 (2011) 3353– 3359

(150 mm × 2.1 mm I.D., 3 �m,  Waters, Ireland) with a Secu-
rityGuard C18 column (4 mm × 3.0 mm  I.D., 5 �m,  Phenomenex,
Torrance, CA, USA). A mobile phase of methanol–water–formic acid
(70:30:0.1, v/v/v) was  employed. An initial flow of 0.5 mL/min was
maintained for 1.8 min, which was then increased to 0.65 mL/min
to wash the column (divert to waste) over the next 1.2 min.

The chromatographic run time of each sample was within
3.0 min. A post-column divert value was used to direct the HPLC elu-
ate to the ionization source in the first 2 min  of the chromatographic
run, and then to the waste container.

2.4. Mass spectrometric conditions

The mass spectrometer was operated in positive ion mode using
an ESI source for SS-20 and IS. The tuning parameters were opti-
mized for SS-20 and IS by infusing a solution containing 1000 ng/mL
of the analyte and IS at a flow rate of 20 �L/min into the mobile
phase (0.45 mL/min) using a post-column “T” connection. The
sheath gas, auxiliary gas, and ion sweep gas (nitrogen) were set
at 35, 5, and 2 Arb, respectively. The spray voltage was set at
4200 V, and the interface capillary temperature was  maintained at
350 ◦C. For collision-induced dissociation (CID), argon was  used as
the collision gas at a pressure of 1.2 mTorr. Quantification was per-
formed using selected reaction monitoring (SRM), which monitors
the transitions m/z 298.6 → m/z (84.0 + 120.0) for SS-20 and m/z
303.5 → m/z (84.0 + 125.0) for deuterated IS, with a dwell time of
200 ms  per transition. An optimized collision energy of 30 eV was
used for the analyte and IS. The mass spectrometer was operated
at the unit mass resolution (peak width at half-height set at 0.7 Da)
for both Q1 and Q3.

2.5. Preparation of standard and quality control (QC) samples

A standard stock solution of SS-20 was prepared by dissolving
the accurately weighed reference compound in methanol to give
a final concentration of 1083 �g/mL (calculated as peptide con-
tent). The solution was  then serially diluted with methanol to give
working solutions at concentrations of 0.30, 1.00, 5.00, 20.0, 100,
300, and 1000 ng/mL. Calibration curves were prepared by spiking
50 �L of the appropriate standard solution into 50 �L of the blank
rat plasma. The quality control (QC) solutions were similarly pre-
pared at concentrations of 0.80, 100, and 900 ng/mL in rat plasma
by a separate weighing of the reference compound. A 100 ng/mL
solution of IS was also prepared by diluting the 30 �g/mL (calcu-
lated as peptide content) stock solution of deuterated SS-20 with
methanol. All of the solutions were stored at 4 ◦C and were brought
to room temperature before use. QC samples were aliquoted into
1.5 mL  polypropylene vials and stored at −20 ◦C until the analysis
was performed.

To minimize nonspecific binding, polypropylene tubes were
used throughout the whole study.

2.6. Sample preparation

Frozen plasma samples were thawed by transferring it to an
ice/water bath prior to preparation. All of the preparations were
done at 4 ◦C according to the short-term stability data. After vor-
texing, a 50 �L aliquot of the IS solution (d10-SS-20, 100 ng/mL),
50 �L methanol, and 400 �L water were added to 50 �L of the
plasma sample. After vortex mixing for 1 min and centrifugation
at 11,300 × g for 5 min  at 4 ◦C, the supernatant was  then loaded
onto Oasis® HLB solid phase extraction tubes that were sequentially

pretreated with 2 × 1 mL  of methanol and 2 × 1 mL of water. After
loading the plasma sample, the cartridge was  washed with 1 mL of
water, and the peptide-enriched fraction was eluted with 2 × 1 mL
of methanol containing 1% acetic acid. The eluate was evaporated to
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ryness at 40 ◦C under a gentle stream of nitrogen, and the residue
as reconstituted by adding 100 �L of the mobile phase. A 20 �L

liquot was injected onto the LC–MS/MS system for analysis.

.7. Method validation

The selectivity of the method was evaluated by analyzing six
lank plasma samples and six spiked plasma samples at the LLOQ

evel from six different rats. The peak areas of the endogenous
ompounds co-eluted with the analytes should be less than 20%
f the peak area of the LLOQ standard according to international
uidelines [11]. The internal standard was present in the bioan-
lytical assay to compensate for the extraction variability in the
C–MS/MS analysis. A highly variable internal standard can be
n indication of an uncontrolled process during sample analysis
12].

Linearity was assayed by assaying the calibration curves in rat
lasma in duplicates in three separate runs. The curves were then
tted by a linearly weighed (1/x2) least squares regression method
hrough the measurement of the peak area ratio of the analyte to
S.

To evaluate the precision and accuracy of the method, QC
amples at three concentrations (0.80, 100, and 900 ng/mL) were
nalyzed in six replicates on three validation days. The precision
as expressed as RSD, and the assay accuracy was expressed as RE,

.e., (observed concentration − nominal concentration)/(nominal
oncentration) × 100%. The intraday and interday precisions were
equired to be below 15%, and the accuracy to be within ±15%
11].

Dilution of the biological matrix is required if the studied sample
oncentration were higher than the upper limit of quantification.
ilution validity experiments were carried out by a 10-fold dilution
f the plasma samples with blank plasma for six replicates. The
cceptable precision and accuracy were required to be within ±15%.

The post-column infusion method was utilized to measure qual-
tatively the matrix effect. To quantitatively evaluate the matrix
ffect, the matrix factor was measured as defined by the ratio (ana-
yte peak area ratio of the analyte to IS in presence of plasma

atrix)/(analyte peak area ratio of the analyte to IS in absence of
lasma matrix), and was expressed as the percent response rel-
tive to the neat solution. In our experiment, the matrix effect
as determined at two concentrations (0.80 and 100 ng/mL). The

ntersubject variability of the matrix effect should be less than 15%
13].

The extraction recoveries of SS-20 were estimated by comparing
he peak areas of the analytes in the extracted QC samples (n = 6)
ith those obtained from the extracted blank plasma samples post-

piked with corresponding neat solutions in six replicates. The
xtraction recoveries of IS were determined in a similar way using
he QC samples at high concentration as a reference.

The stabilities of SS-20 in rat plasma were evaluated by analyz-
ng the replicates (n = 3) of plasma samples at 0.80 and 900 ng/mL
or SS-20, which were exposed to different conditions (time and
emperature). These results were compared with those obtained
rom freshly prepared plasma samples. The analyte was  considered
table in the biological matrix when 85–115% of the initial concen-
rations were found. The short-term stability was determined after
xposing the spiked samples to room temperature for 1 h, and to
4 ◦C for 1 h and 24 h. The freeze/thaw cycles stability was evaluated
fter one or three complete freeze/thaw (−70 to 4 ◦C) cycles in con-
ecutive days. The stability of the extracted samples was assessed
y re-injecting the intra-assay standards after 24 h of storage at

oom temperature. Long-term stability was assessed after storage
f the standard spiked plasma samples at −70 ◦C for 11 days. The
tabilities of the standard solution were also investigated at 4 ◦C for

 days, and for 6 h at room temperature.
Fig. 1. Full-scan mass spectra of SS-20 (A) and d10-SS-20 (B).

2.8. Application to a pharmacokinetic study

The Sprague-Dawley rats (250 ± 20 g) used in the pharmacoki-
netic study of SS-20 were provided by the Laboratory Animal Center
of our institute. Rat chow and water were given ad libitum. SS-20
dissolved in physiological saline was  administered to rats by intra-
veneous or subcutaneous injection (5 mL/kg) at a dose of 1.0 mg/kg.
Blood samples of about 0.2 mL  each were collected into heparinized
tubes (on ice) from each rat by puncturing the retro-orbital sinus.
This was performed according to a predetermined time schedule of
0.08, 0.25, 0.75, 2.0, 4.0, 6.0, 8.0, 12.0, and 24.0 h. Plasma was  imme-
diately obtained from each sample by centrifugation at 11,300 × g
(4 ◦C) for 5 min, and stored at −70 ◦C until analysis.

3. Results and discussion

3.1. Mass spectrometric condition

SS-20 contains lysine (Lys) and arginine (Arg) residues in its
structure. The presence of these two  basic amino acids resulted in a
favorable sensitivity for SS-20 in the positive ESI ionization mode.
In the positive ESI, both SS-20 and IS, doubly protonated molecules
[M+2H]2+ at m/z 298.6 and m/z 303.6, were the most abundant com-
pared with their single charged molecular ions in Q1 full-scan mass
spectra (Fig. 1). As a result, the [M+2H]2+ of each compound was
selected as the precursor ion for generating the specific peptide
segment information. Fig. 2 shows the product ion spectra of SS-20
and IS, which have the same type of product ions: a1, b2, z1, and
b2–NH3. To improve the sensitivity of SS-20 and IS, the transitions

of m/z 298.6 → 84.0 and m/z 298.6 → 120.0 were both chosen for
SS-20, m/z 303.5 → 84.0 and m/z 303.5 → 125.0 for IS.
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Fig. 2. Product ion mass spectra of [M

.2. Chromatographic condition

For peptide analysis, the chromatographic separation is still a
hallenging task. Separating the peptide from the endogenous com-
ounds on chromatography, e.g., phospholipid, is difficult due to
he polarity of the peptide. The co-elution of endogenous com-
ounds easily induces the matrix effect. In optimizing the LC
ystem, several brand chromatographic columns were tested, such
s Zorbax Eclipse XDB-C8, Phenomenex Jupiter C4, and Waters
Terra C18 column. However, high proportion water phase or long
arbon chain acidic modifiers had to be included in mobile phase
ystem. Then the ESI-MS response of SS-20 was decreased by the
igh proportion water phase. Wan  et al. [9,10] used a home-packed
18 column for [Dmt1] DALDA separation under an isocratic chro-
atographic system with a run time of 15 and 10 min, respectively.
ILIC is characterized by the use of a hydrophobic organic mobile
hase and a hydrophilic stationary phase. The order of elution is
eversed relative to reversed-phase chromatography (RP), with the
ydrophilic compounds being retained longer than the hydropho-
ic ones. Therefore, HILIC can simply be seen as a form of normal
hase chromatography. Recently, HILIC has been used widely in the
eparation of polar compounds. In the experiment, different types
f HILIC columns from different suppliers, such as Phenomenex
una HILIC, Agela HILIC, and Waters Atlantis® HILIC Silica, were
lso tested. Among the HILIC columns tested, the best performance

as achieved with Waters Atlantis® HILIC Silica (150 mm × 2.1 mm

.D., 3 �m,  Waters, Ireland).
The best results were obtained with a mobile phase consisting

f methanol–water (70:30, v/v), and a great improvement in the
2+ ion of SS-20 (A) and d10-SS-20 (B).

peak shape and retention time was  achieved when 0.1% formic acid
was added. SS-20 is a Szeto–Schiller peptide, and many endogenous
proteins in the plasma easily interfere with SS-20 quantification
in biological samples. Therefore, chromatographic retention and
separation are important. To avoid the interference peaks during
the analysis, the flow was changed as follows: the initial flow of
0.5 mL/min was maintained for 1.8 min, and was  then increased to
0.65 mL/min for column washing (divert to waste) over the next
1.2 min. As a result, the analytical run time of each sample was
about 3 min.

3.3. Sample preparation and adsorption issue

Currently, the employed techniques for peptide recovery from
biological matrices are solid phase extraction (SPE), protein pre-
cipitation (PPT), liquid–liquid extraction (LLE), immunoaffinity
purification, and ultrafiltration [3].  In the current study, different
sample preparation procedures were attempted. LLE gave a low
SS-20 recovery. After PPT with acetonitrile, a significant chromato-
graphic interference and a great extent of ionization suppression
were observed. SPE can concentrate the target analyte from a
liquid matrix onto a suitable solid phase, and can provide an effi-
cient means of analyte enrichment. Further experiments showed
that SPE gave consistent recovery rates with minimum matrix
interference, and could therefore provide a robust assay. Different

SPE cartridges were investigated according to extraction recovery,
including Strata-E, Strata-ph, Orochem C18, Strata-X, and Oasis®

HLB cartridges. Among them, the Oasis HLB cartridge was  the most
satisfactory SPE cartridge. The different loads, washes, and elution
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Fig. 3. Representative SRM chromatograms for SS-20 (I) and d -SS-20 (IS, II) in rat plasma: (A) a blank rat plasma sample; (B) a blank plasma sample spiked with d -SS-20
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IS)  at 100 ng/mL; (C) a blank plasma sample spiked with SS-20 at 0.300 ng/mL and d
njection of 1.0 mg/kg SS-20.

olvents were then further optimized. Based on the optimization,
% acetic acid in methanol (2 × 1 mL)  was used as the elution sol-
ent, which resulted in the highest recovery rates for SS-20 and
S.

Some peptides [14–18] are adsorbed onto container surfaces,
hich can lead to poor responses and non-linear correlations.
uring the initial study, SS-20 showed strong adsorption onto
lass surfaces. Consequently, different plastic tube materials from
ifferent sources were evaluated to minimize the adsorption.
ccording to the trial, the polypropylene tubes showed minimal SS-
0 adsorption. Polypropylene tubes were hence used for the sample
reparation during the whole study.

.4. Method validation

.4.1. Assay selectivity and matrix effect
Selectivity was assessed by comparing the chromatograms of six

ifferent batches of blank rat plasma with the corresponding spiked
lasma samples at the LLOQ levels. Fig. 3 shows the typical chro-
atograms of a blank rat plasma, blank plasma sample spiked with

S-20 at the LLOQ and IS, and a plasma sample obtained at 6.0 h after
ntravenous injection of 1.0 mg/kg SS-20 into an SD rat. No signif-

cant interference from the endogenous substances was observed
t the retention times of SS-20 and IS. The typical retention times
or both SS-20 and IS were at 1.05 min. The corresponding capacity
actor for both SS-20 and IS were 0.8.
10

20 (IS) at 100 ng/mL; (D) a rat plasma sample obtained at 6.0 h after an intravenous

As for the matrix effect, the absolute matrix effects for SS-20
in six different lots of rat plasma at concentrations of 0.80 and
100 ng/mL were 82.7% and 81.3%, respectively. The relative matrix
effect was  5.7% and 3.1%, respectively. The absolute and relative
matrix effects for IS (100 ng/mL in plasma) were 82.4% and 9.6%,
respectively. Although there was  an extent to the matrix inhibition
for SS-20 in the present condition, the accurate determination of
SS-20 in rat plasma was not influenced.

3.4.2. Linearity of calibration curve and lower limit of
quantification

The linear regression of the peak area ratios versus concentra-
tions was  fitted over the concentration range of 0.30–1000 ng/mL
for SS-20 in rat plasma. A typical equation of the calibration curve
on a validation day was as follows: y = 1.52 × 10−2x + 2.66 × 10−3

(r2 = 0.9927), where y represents the peak area ratio of the
analyte to the IS, and x represents the plasma concentration
of SS-20. Good linearity was  obtained in this concentration
range.

The LLOQ was  established at 0.30 ng/mL for SS-20. The pre-
cision and accuracy corresponding to the LLOQ are shown in
Table 1. Under the present LLOQ of 0.30 ng/mL, the plasma con-

centration of SS-20 could be determined for up to 24 h after the
intravenous administration of 1.0 mg/kg SS-20 into SD rats, which
is sensitive enough to investigate the pharmacokinetic behavior of
SS-20.
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Table  1
Precision and accuracy of the LC–MS/MS method to determine SS-20 in rat plasma (in three consecutive days, six replicates for each day).

Concentration (ng/mL) RSD (%) RE (%)

Added Found Intra-day Inter-day

0.30 (LLOQ) 0.30 ± 0.029 10.2 1.7 −0.02
0.80  (L) 0.78 ± 0.059 8.0 3.0 –2.1
100  (M) 100 ± 5.0 4.9 5.5 0.2
900  (H) 894 ± 42.6 4.8 4.5 –0.7
5000  (di10-QC) 5180 ± 155 3.0 – 3.6

Table 2
Summery of stability of SS-20 under various storage conditions (n = 3).

Storage conditions Concentrations (ng/mL) RSD (%) RE (%)

Added Found

One freeze–thaw cycle 0.80 0.78 ± 0.06 8.4 −3.1
900  878 ± 22.2 2.5 −2.4

Three  freeze–thaw cycles 0.80 0.80 ± 0.10 12.7 0.2
900  882 ± 35.6 4.0 −2.0

Freezing for 11 days (−70 ◦C) 0.80 0.79 ± 0.01 1.8 −0.9
900  836 ± 10.2 1.2 −7.2

Autosampler for 24 h (25 ◦C) 0.80 0.78 ± 0.05 6.7 −2.7
900  845 ± 35.1 4.2 −6.1

Short-term (1 h at 4 ◦C) 0.80 0.74 ± 0.07 9.4 −7.1
900  900 ± 32.2 3.6 −0.1

606 ± 9.1 1.5 −32.1
663 ± 26.1 3.9 −26.13
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Short-term (24 h at 4 ◦C) 900 

Short-term (1 h at 25 ◦C) 900

.4.3. Precision and accuracy
The method showed good precision and accuracy. Table 1 sum-

arizes the interday and intraday precisions and accuracy values
or SS-20 from QCs. In this assay, the intra day and inter day preci-
ions were measured to be below 10.2% and 5.5%, respectively, with
Es from −2.1% to 0.2%. The above values were within the accept-
ble range, and the method was thus judged as suitably accurate
nd precise.

The dilution validity experiments were carried out in six repli-
ate by a 10-fold dilution with blank human plasma. The precision
as below 3.0%, with RE of 3.6%. The results showed that samples
hose concentrations exceeded the upper limit of quantification

ould be re-analyzed within a 10-fold dilution.

.4.4. Extraction recovery
The recovery rates of SS-20 extracted from plasma were

6.5 ± 3.7%, 60.7 ± 4.1%, and 57.7 ± 3.3% at concentrations of 0.800,
00, and 900 ng/mL, respectively (n = 6). The mean recovery for the
S was 57.7 ± 4.3% (n = 6).

.4.5. Stability
The stability tests of the SS-20 were designed to cover the antic-

pated conditions of handling non-clinical samples. The results of
he stability experiment (Table 2) show that the SS-20 that spiked in
he rat plasma were stable for 1 h at 4 ◦C, for 11 days at −70 ◦C, and
uring three freeze–thaw cycles. The stability of SS-20 extracts in
he reconstituted extract on autosampler was also observed over a
4 h period. All RE values between post-storage and initial QC sam-
les were within ±15%. However, the SS-20 that was spiked into
he rat plasma was unstable for 1 h at ambient temperature, and
4 h at 4 ◦C.

.5. Application of the method to a pharmacokinetic study in SD
ats
The validated LC–MS/MS method was successfully applied to the
harmacokinetic study of SS-20 in SD rats. To quantify the higher
S-20 concentrations observed in rat plasma samples, the samples
Fig. 4. Mean plasma concentrations of SS-20 after a single injection of 1.0 mg/kg SS-
20  given as intravenous injection or subcutaneous injection to SD rats (mean ± SD,
n  = 3).

were diluted fivefold before analysis. Using this analytical method,
we were able to measure the SS-20 concentration for up to 24 h after
the intravenous or subcutaneous administration of 1.0 mg/kg SS-
20. Fig. 4 shows the profile of the mean SS-20 plasma concentration
versus time.

4. Conclusion

An HILIC–MS/MS method was developed and validated for SS-20
quantification in rat plasma. The use of the HILIC technique solved
the poor retention of SS-20 on the chromatographic column and
increased the sensitivity of the method by improving the ioniza-
tion efficiency at high organic solvent concentrations and adopting

the SPE in plasma sample preparation. The LLOQ of this method
was 0.30 ng/mL, which is sensitive enough for the pharmacoki-
netic study of low SS-20 doses with good intraday and interday
reproducibility for the QCs.
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