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Abstract

Background: Acetyl octapeptide-3 (SNAP-8) is an antiaging peptide that is more effective than acetyl hexapeptide-
3, which is more stable than botulinum toxin and effectively relieves facial wrinkles. Products containing SNAP-8
such as patch are producing, but analytical method has not been reported to determination of SNAP-8.

Method: Mobile phase, collision energy, and desolvation line temperature were optimized, and mass spectral data
set for SNAP-8 was newly constructed by liquid chromatography-triple quadrupole mass spectrometer in multiple
reaction monitoring mode.

Results: The developed method showed good linearity (r ≥ 0.9971) with limit of quantification of 0.0125 ng/mL,
repeatability (% relative standard deviation = 0.02 to 0.12) and accuracy (% relative error = − 1.68 to 1.44) under
optimal conditions. This method was successfully applied to a biodegradable microneedle patch loaded with SNAP-8.

Conclusion: The present method for the quantification of SNAP-8 may be useful for quality control in the cosmetic fields.

Keywords: Acetyl octapeptide-3, Microneedle Patch, Multiple reaction monitoring mode, Liquid chromatography-tandem
mass spectrometry

Introduction
The synaptosome-associated protein of 25 kDa (SNAP-
25) is known to relate to facial wrinkles including
muscle contraction (Adler et al. 2001). The acetyl
hexapeptide-3 is a peptide fragment of SNAP-25 and it
has been widely used for the cosmetic materials of the
improvement of facial wrinkles because acetyl hexapep-
tide has an inhibiting effect on the function of SNAP-25
(Lipotec™). An acetyl octapeptide-3 (SNAP-8) added a
two-amino acid chain on acetyl hexapeptide-3, which
was designed for better effect of wrinkle improvement

than acetyl hexapeptide-3 (Lipotec™). A botulinum
toxin (BOTOX®) has been widely used for the im-
provement of facial wrinkles, but SNAP-8 has higher
safety than BOTOX® (Blanes-Mira et al. 2002; Zhou
et al. 2011). Both SNAP-8 and a botulinum toxin
(BOTOX®) target the SNAP-25. BOTOX® breaks the
SNAP-25 and causes muscle paralysis, while SNAP-8
captures the SNAP-25 and causes muscle relaxation
(Blasi et al. 1993; Gutiérrez et al. 1995; Gutierrez
et al. 1997; Blanes-Mira et al. 2002; Yamauchi and
Lowe 2004). Thus, SNAP-8 is more stable than
BOTOX®, which has been proposed as a functional
cosmetic material that can replace BOTOX® (Lipotec™;
Blanes-Mira et al. 2002). Although SNAP-8 is being
used in functional cosmetics, method for SNAP-8
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analysis has not been reported. Patches are generally
used as an example of skin delivery products. Poly-
meric compounds such as peptides cannot pass
through the stratum corneum and skin absorption is
also difficult (Park et al. 2005). However, microneedle
patches penetrate the dermal layer and can transfer
substances such as SNAP-8 with large molecular
weights directly into skin, which were used for the
transdermal delivery of polymeric compounds (Zhang
et al. 2014). In this study, analytical method of
SNAP-8 was developed by liquid chromatography-
tandem mass spectrometry (LC-MS/MS). This method
was successfully applied to quantification of SNAP-8
level in biodegradable microneedle patches.

Materials and methods
Materials
SNAP-8 and the acetyl hexapeptide-3 as internal standard
(IS) were purchased from Lipotec (Barcelona, Spain); their
chemical structures are shown in Fig. 1. Biodegradable
microneedle patches containing SNAP-8 were provided
by Raphas Co. Ltd. (Seoul, Republic of Korea). High-
performance liquid chromatography (HPLC) grade water
and acetonitrile (ACN) were purchased from Daejung
Chemical (Siheung-si, Gyeonggi-do, Republic of Korea).
The syringe-driven filter unit (0.45 μm) was purchased
from Merck Millipore (Darmstadt, Germany). Formic acid
(FA) and trimethylamine (TEA) were purchased from
Wako Pure Chemical (Richmond, VA, USA). All other
chemicals were of analytical reagent grade.

Preparation of standard and calibration solutions
Stock solutions of SNAP-8 and IS were made up at
10.0 μg/μL in HPLC grade water. Working standard
solutions were prepared by diluting each stock solu-
tion to 12.5 ng/μL (SNAP-8) and 15.0 ng/μL (IS),

respectively. The SNAP-8 standards for quantitative
calibration curve were prepared from 0.0125 to 0.15
ng/μL by aliquots of each working standard solution.
All standard solutions were then stored at 4 °C.

Preparation of microneedle patches
Biodegradable microneedle of patch (1.42 mg) with
loaded SNAP-8 was extracted with distilled water (5 mL)
containing IS (150.0 ng). The extract was filtered with
syringe-driven filter unit (0.45 μm), then an aliquot of
10 μL was injected into the LC-MS/MS system.

Method validation for SNAP-8 analysis
Linearity, repeatability, accuracy, recovery, limit of
detection (LOD), and limit of quantification (LOQ)
were validated under optimal conditions with blank
patch matrix. Calibration dynamic range was per-
formed from 0.0125 to 0.15 ng/μL. Slope, intercept,
and correlation coefficient (r) were determined by
using the least-squares regression analysis form the
calibration curve constructed based on relative peak
area ratios to IS. LOD was evaluated by injection
following dilution with standard solution at the

Fig. 1 Chemical structures of SNAP-8 and IS

Table 1 Comparison of ionic strength between TFA and FA as
additives in the mobile phase

Name Area

0.125 ng/μL (n = 5) 0.5 ng/μL (n = 5)

0.1% TFA

SNAP-8 11,916 ± 1171 44,438 ± 1672

IS 30,991 ± 2577 27,287 ± 1558

0.1% FA

SNAP-8 75,020 ± 1636 305,665 ± 3459

IS 242,824 ± 9473 251,054 ± 2408
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Fig. 2 Optimization of DL temperature in the range 200 to 275 °C

Fig. 3 Mass spectral patterns of SNAP-8 (a) and the IS (b) by LC-MS/MS with ESI mode
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minimum concentration of calibration range. LOQ of
SNAP-8 was defined as minimum concentration in
the calibration range. The repeatability as relative
standard deviation (%RSD) and the accuracy as rela-
tive error (%RE) were obtained from two different
concentrations from triplicate experiments under the
optimal conditions. The recovery was evaluated by
comparing the percentages of peak area ratio of fil-
tered to that of non-filtered sample (recovery of
100%) including same concentration of SNAP-8.

Liquid chromatography-tandem mass spectrometry
LC-MS/MS analysis was performed in multiple reac-
tion monitoring (MRM) mode using a Shimadzu

Nexera UPLC system (Shimadzu Corp., Kyoto, Japan)
coupled with a LCMS-8050 triple quadrupole mass
spectrometer (Shimadzu Corp., Kyoto, Japan)
equipped with an electrospray ionization (ESI) inter-
face in positive ionization mode. Chromatographic
separation was performed using a betabasic-18 col-
umn (30 mm × 2.1 mm, 5 μm, 150 Å, Thermo Elec-
tron, Waltham, MA) equipped with a betabasic-18
guard column (10 mm × 2.1 mm, 5 μm, 150 Å,
Thermo Electron, Waltham, MA), which separates
polar peptides like SNAP-8 in reverse phase mode.
The column oven was maintained at 40 °C and the
autosampler temperature at 4 °C. Gradient elution was
performed using solvent A (HPLC grade water

Table 2 Ion transitions and collision energy values of SNAP-8 and IS

Analyte Precursor
ion [M +
2H]2+ (m/
z)

Product ions (m/z)

Transition 1a (m/z) CE1c (V) Transition 2b (m/z) CE2c (V) Transition 3b (m/z) CE3c (V)

Acetyloctapeptide-3 (SNAP-8) 538 102 − 30 84 − 48 144 − 25

Acetylhexapeptide-3 (IS) 445 102 − 39 84 − 55 144 − 30
aQuantification ion
bQualitative ions
cCollision energy

Fig. 4 MRM chromatograms of the blank spiked with IS (a) and SNAP-8 and IS (b) by LC-MS/MS
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containing 0.1% FA) and solvent B (ACN containing
0.1% FA) in total flow rate of 0.3 mL/min. Gradient
condition of solvent B was initiated from 0% (0.5 min)
and was increased up to 40% (0.5 to 5 min), and then
held for 1 min (5 to 6 min), and then return to the
initial condition for the next run and hold for 2 min
(6 to 8 min). An aliquot 10 μL of each sample was
injected into the LC-MS/MS system. The mass spec-
trometer interface temperature was maintained at
200 °C, the nebulizing gas flow was at 3.0 L/min, des-
olvation line (DL) temperature at 200 °C, and heat
block temperature at 400 °C. The pressure of
collision-induced dissociation (CID) gas was at 270
kPa. SNAP-8 and IS were successfully detected in the
product-ion scan mode. Quantitative analyses were
performed in the MRM transition mode with quadru-
pole 1 (Q1) and quadrupole 3 (Q3) operated at unit
resolution. A dwell time and pause time were set at
22.0 ms for selected ions.

Result and discussion
Optimal conditions for SNAP-8 analysis by LC-MRM-MS/MS
The effects of FA and TEA as additives in the mobile
phase were investigated. In this result, FA was used due to
higher intensity (about six times) than those of TEA
(Table 1). A C18-column (5 μm, 150 Å) with equipped a
guard column was selected for peptide analysis. Analysis
of SNAP-8 was performed using gradient elution within 2
min. The precursor ions of SNAP-8 and IS were selected
with each multiply charged ion in ESI mode. The [M +
2H]2+ ions of SNAP-8 (m/z 538) and IS (m/z 445) were
selected as precursor multiple ions in positive mode. The
[M + H]+ ions of SNAP-8 (m/z 1076) and IS (m/z 890)
were detected at low intensities and the [M + 3H]3+ of
SNAP-8 was not detected. The intensity of SNAP-8 was
monitored with the desolvation line (DL) temperature

from a range of 200 to 275 °C. DL temperature was opti-
mized for [M + 2H]2+ intensity at 200 °C (Fig. 2). Q3
SCAN spectra of SNAP-8 (a) and IS (b) are shown in Fig.
3. Precursor ions of SNAP-8 (m/z 538) and IS (m/z 445)
were fragmented with collision energy, both product ions
of SNAP-8 and IS were optimized to m/z 102, 84, and
144, respectively. Optimal collision energies were moni-
tored for SNAP-8 (m/z 102 (− 30 V), m/z 84 (− 48 V), and
m/z 144 (− 25 V)) and IS (m/z 102 (− 39 V), m/z 84 (− 55
V), and m/z 144 (− 30 V)). Optimized MRM conditions
are summarized in Table 2 and MRM chromatograms of
SNAP-8 and IS are shown in Fig. 4.

Method validation for SNAP-8 analysis by LC-MS/MS
SNAP-8 was detected as a single peak at 1.7 min in ex-
tracts of a blank patch spiked with SNAP-8 standard.
Chromatograms of SNAP-8 in extracts of blank patch
spiked with IS (a), and extracts of blank patch spiked
with SNAP-8 and IS (b) are shown in Fig. 4. The good
linearity was obtained with correlation coefficient (r) of
0.9971 in the range from 0.0125 to 0.1250 ng/mg. LOD
and LOQ were evaluated with diluted standard solution
and their levels were 0.0025 and 0.0125 ng/mg, respect-
ively. Repeatability of 0.05 and 0.1 ng/mg showed 0.20
and 0.02 (%RSD), respectively. Accuracy were 1.44 and −
1.68 (%RE) at 0.05 and 0.1 ng/mg, respectively. The re-
covery showed 76.7% at 0.125 ng/mg of microneedle of
patch (Table 3). In the stability test, SNAP-8 was stable
at least 96 h when this was refrigerated at 4 °C (Table 4
and Fig. 5). Therefore, this method was suitable for
quantification and evaluation test of SNAP in patch
products.

Patch matrix effects for SNAP-8 analysis
Two different calibration curves were compared to as-
sess matrix effects for measurements made using blank

Table 3 Validation data set of SNAP-8 by LC-MS/MS

Analyte Calibration
range (ng/
mg of
microneedle
of patch)

Linearity
(r)

LODa LOQb Repeatabilityc (%) Accuracyd (%) Recoverye (%)

Added (ng/mg of microneedle of patch)

0.05 0.1 0.05 0.1 0.125

Acetyloctapeptide-
3 (SNAP-8)

0.0125–0.125 0.9971 0.0025 0.0125 0.12 0.02 1.44 − 1.68 76.7

aLOD, limit of detection
bLOQ, limit of quantification
cRelative standard deviation (% RSD)
dRelative error (% RE)
eRecovery (filtered/non-filtered) × 100

Table 4 Stability test of SNAP-8 in DW at 4 °C

Analyte Concentration of SNAP-8 (0.77 ng/μL)

0 h 24 h 48 h 96 h

SNAP-8 0.75 ± 0.04 0.77 ± 0.03 0.78 ± 0.03 0.75 ± 0.02
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patches or HPLC grade water, and SNAP-8 in micronee-
dle patches were quantified. Based on the results of four
patches, the calculated SNAP-8 level using HPLC grade
water calibration curve was 89.5 ± 10.5 ng, while it was
76.9 ± 8.6 ng by using matrix calibration curve including
blank patches. In this result, the calculated SNAP-8 level
using matrix calibration curve was 16.3% smaller than
HPLC grade water-based values. Therefore, the matrix
effects of patches must be considered for quantitative
analysis of SANP-8.

Conclusion
Analytical method of SNAP-8 was developed by LC-MS/
MS in MRM mode. In the optimal condition, linearity (r
≥ 0.9971), repeatability (%RSD = 0.02 to 0.12), accuracy
(%RE = − 1.68 to 1.44), and recovery (76.7%) showed
with LOD of 0.0025 ng/mg and LOQ of 0.0125 ng/mg.
When applied to patch product, SNAP-8 was identified
and determined as 76.9 ± 8.6 ng. Therefore, this method
was suitable for determination of SNAP-8 in patch
products, which will be useful for quality control and
evaluation test of SNAP-8 in the cosmetic fields.
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