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a  b  s  t  r  a  c  t

Two  resin  acids,  abietic  acid  (AA)  and  dehydroabietic  acid  (DHAA),  in cosmetics  may  cause  allergy  or
toxicoderma,  but  remain  inaccurately  investigated  due  to  their  lability.  In  this  work,  an  accurate,  sen-
sitive,  efficient  and  convenient  method,  utilizing  the  ultrasonic-assisted  closed  in-syringe  extraction
and  derivatization  (UCSED)  prior  to  high  performance  liquid  chromatography  (HPLC)  coupled  with  flu-
orescence  detection  (FLD)  and  on-line  tandem  mass  spectra  (MS/MS),  has  been  developed.  Analytes  are
extracted  by  acetonitrile  (10/1,  v/m)  in a  sealed  syringe  under  safe  condition  (60 ◦C;  15  min;  nitrogen
atmosphere)  and  then  in-syringe  derivatized  by 2-(2-(anthracen-10-yl)-1H-naphtho[2,3-d]imidazol-1-
yl) ethyl-p-toluenesulfonate  (ANITS)  (8-fold,  93 ◦C, 30  min,  DMF  as  co-solvent,  K2CO3 as  catalyst).  In
UCSED,  derivatization  contributes  to  increase  both  analytical  sensitivity  and  stability  of  analytes.  Excel-
lent  linearity  (r2 ≥  0.9991)  is achieved  in wide  range  (75–3000  ng/mL  (AA);  150–4500  ng/mL  (DHAA)).
Quite  low  detection  limits  (AA:  8.2–10.8  ng/mL;  DHAA:  19.4–24.3  ng/mL)  and  limits  of  analyte  concen-
tration  (LOAC)  (AA:  30.0–44.5  ng/mL;  DHAA:  70.9–86.7  ng/mL)  ensure  the  trace  analysis.  This  method  is
applied  to  the  analysis  of  cosmetic  samples,  including  depilatory  wax  strip,  liquid  foundation,  mascara,  eye-
osmetic
liner, eyebrow  pencil  and  lip  balm.  No  additional  purification  is required  and  no  matrix  effect  is observed,
demonstrating  obvious  advantages  over  conventional  pretreatment  such  as  solid  phase  extraction  (SPE).
Accuracy  (RE:  −3.2%  to  2.51%),  precision  (RSD:  1.29–2.84%),  recovery  (95.20–103.63%;  95.51–104.22%)
and repeatability  (<0.23%;  <2.87%)  are  significantly  improved.  Furthermore,  this  work  plays  a guiding
role  in  developing  a  reasonable  method  for  labile  analytes.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Two resin acids, abietic acid (AA) and dehydroabietic acid
DHAA) (Fig. 1), as the primary components of colophony [1], have

een widely used in cosmetics as excellent adhesive or emulgator
2–4]. Cosmetics usually remain on skin for a long time to keep last-
ng effect of promoting attractiveness or altering appearance [5].

∗ Corresponding authors at: Qufu Normal University, Key Laboratory of Pharma-
eutical Intermediates and Analysis of Natural Medicine, Qufu, China.
el.: +86 537 4456305; fax: +86 537 4456305.
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J. You).

ttp://dx.doi.org/10.1016/j.chroma.2014.10.059
021-9673/© 2014 Elsevier B.V. All rights reserved.
Unfortunately, colophony is associated closely with occupational
asthma (formerly called colophony disease) [6–8] and contact
allergy [9–14]. Moreover, it has been reported that allergens are
produced via the oxidization of AA exposed to air [15–17] and the
toxicity of resin acids mainly comes from DHAA [18–20]. Accord-
ing to EU legislation (Directive 67/548/EEC), a content of colophony
>1% in cosmetics must be declared and marked with warning “May
cause sensitization by skin contact” [21]. Therefore, it is critical to
detect the two  components in the increasing number of cosmetics,
especially those applied to sensitive areas such as skin, face, eyes

and lip [12,15,22].

AA and DHAA used to be determined by gas
chromatography–mass spectrometry (GC–MS) [14,23–26]. In
fact, high temperature in GC will cause isomerization of AA

dx.doi.org/10.1016/j.chroma.2014.10.059
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chroma.2014.10.059&domain=pdf
mailto:chenandguang@163.com
mailto:jmyou6304@163.com
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ig. 1. Scheme of ultrasonic-assisted closed in-syringe extraction and derivatization
ssisted derivatization) and the derivatization process between the two  analytes (ab
aphtho[2,3-d]imidazol-1-yl) ethyl-p-toluenesulfonate (ANITS).

27] and thus may  lead to inaccurate results. High performance
iquid chromatography (HPLC) coupled with ultraviolet/diode
rray detection (UV/DAD) [4,28–32], fluorescence detection (FLD)
29–32] or MS  [25,26,31,33] has been extensively developed, acting
s more accurate alternative to GC for analytes susceptible to high
emperature. Due to weak chromophore in their molecules, trace
esin acids are difficult to directly detect with relatively high detec-
ion limits provided by these methods. Though pre-concentration
an lower the detection limits, AA and DHAA are usually present
n complex matrixes and thus the interferences components will
e also concentrated together. In this case, multi-step manual
perations such as solid-phase extraction (SPE) [4,29,30,32] or
olid-phase microextraction (SPME) [33] are usually required, oth-
rwise it will be difficult to both avoid interferences [32] and lower
etection limits [4]. However, multi-step operations are tedious,
ime-consuming, and more seriously, tend to cause high errors
o labile analytes. In another sense, high reagent-consumption
ill pose a potential threat to experimenters and environment.
onsequently, although a few works have been done, there are still
any serious questions left to be settled in accurate and sensitive

etermination of the two resin acids at trace level.
Pre-column derivatization technique can be introduced to over-

ome these difficulties by improving sensitivity, selectivity, and
ccuracy as well [34]. It must be noted that abietic acid (AA) is
rone to be oxidized [16]; thus, derivatization may  improve the
tability of analytes by modifying molecule structure [35]. Never-
heless, to the best of our knowledge, no derivatization technique is
ntroduced to date in the determination of AA and DHAA with HPLC.
arboxylic group in analyte is derivatized commonly by probe of
ulfonate ester via a complete transesterification reaction under
ild conditions [36–38]. But these labeling reagents have been

eported with several limitations, such as instability, short wave-
engths for detection, low sensitivity, unknown by-products and
erious interferences. Thus, an excellent probe 2-(2-(anthracen-
0-yl)-1H-naphtho[2,3-d]imidazol-1-yl) ethyl-p-toluenesulfonate
ANITS) superior in above aspects is more competent to this work.
n the other hand, for a small amount of analytes in complex
atrices, trace analysis technique is playing increasingly important

ole by bringing about simple, efficient, inexpensive and environ-
entally friendly pretreatment compatible with many instruments

39–41]. Therefore, combining the ultrasonic-assisted trace extrac-
ion with the in-syringe derivatization [42,43] in closed system as
 novel pretreatment technique for HPLC will make it possible to
stablish the desired method.

In this study, a method with ultrasonic-assisted closed in-
yringe extraction and derivatization (UCSED) prior to high
ED) technique (1: ultrasonic-assisted trace extraction and 2: in-syringe ultrasonic-
cid and dehydroabietic acid) and fluorescence reagent 2-(2-(anthracen-10-yl)-1H-

performance liquid chromatography (HPLC) coupled with fluores-
cence detection (FLD) and tandem mass spectra (MS/MS) technique
has been developed and applied to the quantification of labile
abietic acid (AA) and dehydroabietic acid (DHAA) in cosmetics
including depilatory wax strip, liquid foundation,  mascara, eyeliner,
eyebrow pencil and lip balm which were usually applied in sensitive
areas of body. Fluorescent reagent 2-(2-(anthracen-10-yl)-1H-
naphtho[2,3-d]imidazol-1-yl) ethyl-p-toluenesulfonate (ANITS) is
used to label analytes, thereby enhancing the analytical sensitiv-
ity and increasing the stability of labile analytes. UCSED technique
allows for a simple, convenient operation in relatively short time,
and proves to be more competent for the pretreatment of two resin
acids than conventional SPE. Multi-variable optimization as well
as single variable optimization is introduced to achieve the opti-
mal  conditions for labeling analytes efficiently while minimizing
matrix interferences. HPLC is used to avoid the isomerization or
decomposition caused by high temperature. FLD is used to quan-
tify the analytes with quite low detection limits. Trace analysis is
ensured by achieving the limit of analyte concentration (LOAC). On-
line MS/MS  technique is introduced to monitor labile resin acids
and matrix interferences, which can practically avoid additional
operations for impurities. Linearity, sensitivity, accuracy, precision,
recovery and repeatability are significantly improved in compar-
ison with reported methods, making the established method a
superior alternative for the determination of resin acids in micro
amount of cosmetic samples.

2. Experimental

2.1. Materials and chemicals

Abietic acid (AA, ≥95%) and dehydroabietic acid (DHAA, ≥99%)
were purchased from ChromaDex, Inc. (Irvine, CA) and ChemSer-
vice, Inc. (West Chester, USA), respectively. Derivatization reagent
2-(2-(anthracen-10-yl)-1H-naphtho[2,3-d]imidazol-1-yl) ethyl-p-
toluenesulfonate (ANITS) was synthesized as described in our
previous study (supplementary text) [44]. Spectroscopically pure
acetonitrile (ACN) was  purchased from Sigma–Aldrich Co. (St. Louis,
MO,  USA). HPLC grade formic acid was  purchased from Sinopharm
Chemical Reagent Co. (Shanghai, China). N,N-dimethylformamide
(DMF) and anhydrous potassium carbonate (K2CO3) were of ana-

lytical grade and bought from Tianjin Fuyu Chemical Reagent Co.
(Tianjin, China). Water was  purified on a Milli-Q system (Milli-
pore, Bedford, MA,  USA). All other reagents were of analytical grade
unless otherwise stated. All cosmetic samples were bought from



2 togr. A

B
d
f

2

2

w
p
c
s
c
t
(
s
a
K

2

X
d
s
1
w
D
8
p
M
w
s
b
i
3
V
c

2

p
[
d
s
p
A
t
f
3
D
3
s
D
1
d

2

(
i
m
p
c
w

2 J. Liu et al. / J. Chroma

aiyi supermarket in Qufu Normal University (Qufu, China). Stan-
ard resin acids and cosmetic samples were stored at 4 ◦C in a
reezer until use. All the solvents were saturated by nitrogen.

.2. Instrumentation and conditions

.2.1. Instrumentation
Agilent 1100 Series high-performance liquid chromatography

as equipped with online vacuum degasser (G1322A), quaternary
ump (G1311A), auto-sampler (G1329A), thermostated column
ompartment (G1316A) and fluorescence detector (FLD, G1321A,
et at �ex = 250 nm and �em = 512 nm). This HPLC–FLD system was
oupled with mass spectrometer 1100 Series LC-MSD Trap-SL (ion
rap) with atmospheric pressure chemical ionization (APCI) source
Bruker Daltonik, Bremen, Germany). Ultrasonic-assisted closed in-
yringe extraction and derivatization (UCSED) was carried out using

 temperature- and time-adjustable of ultrasonic cleaner (KQ-100B,
unshan Ultrasonic Instrument Co., Kunshan, China).

.2.2. HPLC–FLD–MS/MS conditions
HPLC separation was performed on a reversed-phase Eclipse

DB-C8 column (150 mm × 4.6 mm,  5 mm,  Agilent Co.) by a gra-
ient elution, where mobile phases A and B were the 20% ACN
olution (ACN/H2O: 20/80, v/v) containing 0.1% formic acid and the
00% ACN containing 0.1% formic acid, respectively. Mobile phases
ere filtered through a 0.20 �m nylon membrane filter (Alltech,
eerfiled, IL, USA). Gradient elution program was set as: 0–3 min,
0–100% of B; 3–10 min, 100% of B; post time: 5 min. Column tem-
erature was set at 30 ◦C and flow rate was constant at 1.0 mL/min.
aximum fluorescence responses of ANITS-resin acid derivatives
ere achieved at excitation wavelength 250 nm (�ex) and emis-

ion wavelength 512 nm (�em). Analytes were further identified
y MS  in the positive ion mode with atmospheric pressure chem-

cal ionization (APCI) source set as: nebulizer pressure constant at
5 psi, dry gas temperature at 350 ◦C, dry gas flow at 9.0 L/min, APCI
ap temperature at 350 ◦C; corona current (nA) at 4000 (pos) and
apillary voltage at 3500 V.

.3. Preparation of standard solutions

A volume of 10 mL  of ANITS solution (5 × 10−2 mol/L) was pre-
ared by dissolving 271 mg  of 2-(2-(anthracen-10-yl)-1H-naphtho
2,3-d] imidazol-1-yl) ethyl-p-toluenesulfonate in DMF  and then
iluted with ACN to the needed low-concentration solutions. Stock
olutions for AA (5 × 10−3 mol/L) and DHAA (5 × 10−3 mol/L) were
repared by dissolving 15.1 mg  AA and 15 mg  DHAA in 10 mL  of
CN, respectively. Solution of mixed standards at the concentra-

ion of 5 × 10−4 mol/L was prepared with ACN. Working solutions
or calibration curves and validation (AA: 75 ng/mL, 150 ng/mL,
00 ng/mL, 600 ng/mL, 1200 ng/mL, 1500 ng/mL and 3000 ng/mL;
HAA: 150 ng/mL, 300 ng/mL, 600 ng/mL, 1200 ng/mL, 1500 ng/mL,
000 ng/mL and 4500 ng/mL) were prepared by diluting the stock
olutions with ACN. Quality control (QC) solutions for AA and
HAA were prepared at three concentration levels (150, 750 and
500 ng/mL). When not in use, all solutions were stored at 4 ◦C in
arkness until HPLC analysis.

.4. Samples pretreatment procedure

Depilatory wax strip and lip balm were cut into pieces
0.5 cm × 0.5 cm), liquid foundation and mascara were transferred
nto a vial, eyeliner and eyebrow pencil were peeled and ground to
ore than 100 meshes, respectively, for obtaining cosmetic sam-
les. To improve efficiency of pretreatment, an ultrasonic-assisted
losed in-syringe extraction and derivatization (UCSED) technique
as developed (Fig. 1). Accurately weighed 50 mg  of cosmetic
 1371 (2014) 20–29

sample was  added into a syringe barrel (2 mL)  where 500 �L of
ACN was  then drawn. The syringe was sealed with screw-cap and
sonicated at 60 ◦C for 15 min. An amount of 20 mg  of anhydrous
K2CO3 was added in 200 �L of ANITS solution (5 × 10−3 mol/L), and
then the obtained mixture was  drawn into the syringe (more than
10 mg  K2CO3 was  drawn). The syringe was  immediately re-sealed
and put into an ultrasonic water bath (93 ◦C) for 30 min. The result-
ing mixture was cooled to room temperature and filtered through a
syringe filter (0.2 �m)  for the direct HPLC analysis. Standard sample
was obtained by mixing 20 mg  anhydrous K2CO3 and 160 �L ANITS
(5 × 10−3 mol/L) with 100 �L of standard solutions (5 × 10−4 mol/L)
and pretreated identically. The scheme of derivatization reaction is
shown in Fig. 1, where alkoxide (R1O−) was produced from probe
molecule (R1O SO2R2) via the leaving of tosyl (R2SO2

+) under alka-
line condition and then attack target analyte (R3COOH) to produce
the derivative (R3COOR1) via a tetrahedral intermediate.

2.5. Optimization of UCSED

2.5.1. Optimization of extraction
Absolute methanol, absolute ethanol, chloroform, DMF and ACN

were investigated to obtain appropriate solvent for extraction.
The ratio (volume/mass) of ACN to sample (4/1–20/1), extraction
temperature (20–100 ◦C) and time (5–25 min) for the cosmetic
extraction were investigated. All the extractions were performed
at three mass levels of samples (50, 100 and 500 mg).

2.5.2. Optimization of derivatization
Single-variable experiments were carried out to evaluate the

factors including co-solvents, basic catalysts, molar ratio (deriva-
tization reagent/analytes), temperature and time on the yields
of derivatization. All experiments were performed at three con-
centration levels (150, 750 and 1500 ng/mL). Some factors such
as molar ratio (derivatization reagent/analytes), temperature and
time would interact with each other, and thus they were further
optimized by a multivariate method. Design of multivariate exper-
iments, data analysis and model-building were performed by the
Box–Behnken design (BBD) program (Design Expert Trial Version
7.1.3, Stat-Ease Inc., Minneapolis, MN,  USA) based on three levels
of incomplete factorial designs [37,45,46]. Three variables, molar
ratio (ANITS to resin acids) (X1), derivatization temperature (X2)
and time (X3), are listed in Table 1.

2.6. Method validation

2.6.1. Linearity, repeatability and sensitivity
This method was  validated following the United States Food

and Drug Administration (FDA) guidelines [47]. Linearity equations
were established using working solutions spiked into real samples
(six replicates (n = 6)): real sample was equally divided into two
parts, one was  analyzed directly (peak area: Y1), the other was
spiked by a working solution and then analyzed (peak area: Y2);
thus the linear equation was established by fitting the calibration
curve of peak area (Y2 − Y1) versus the injected concentration (X,
ng/mL). The repeatability of FLD detection was  investigated by ana-
lyzing QC (quality control) solution spiked in real samples (n = 6)
and was  reflected by relative standard deviations (RSDs) of peak
area and retention time. Analytical sensitivities were reflected by
limit of detection (LOD) and limit of quantification (LOQ) tested
at the signal-to-noise ratio of 3:1 and 10:1, respectively. The low-
est concentration of analyte producing the quantifiable derivative

whose concentration was  at the LOQ level was  defined as the limit
of analyte concentration (LOAC) for derivatization technique, which
was investigated by reducing analyte in derivatization reaction, so
as to evaluate the feasibility of trace analysis.
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Table  1
The Box-Behnken design method, validation by multi-criteria, nonparametric tests and optima.

Runa Independent variableb Responsec Validationd

X1 X2 X3 Exp. BBD

1 10.00 100.00 30.00 3665.8 3638.58 Multi-criteria
2  8.00 90.00 30.00 3965.8 3922.80 AME  47.9400
3  10.00 90.00 40.00 3870.1 3918.04 CE 0.9984
4  6.00 80.00 30.00 3287.1 3314.32 MAE  0.0000
5  8.00 90.00 30.00 3901.1 3922.80 RMSE 27.4157
6  8.00 90.00 30.00 3899.6 3922.80 MRE  (%) 0.0065
7  10.00 80.00 30.00 3507.3 3479.80 R2 0.9829
8  6.00 90.00 40.00 3830.2 3823.41
9  8.00 80.00 20.00 3244.8 3265.51 Nonparametric tests

10  8.00 80.00 40.00 3579.2 3558.76 p-Value 0.1204
11 10.00 90.00 20.00 3731.4 3738.19
12  8.00 100.00 40.00 3695.7 3674.99 Optima
13  8.00 90.00 30.00 3940.2 3922.80 X1 8.43
14  8.00 90.00 30.00 3907.3 3922.80 X2 92.7
15  8.00 100.00 20.00 3604.7 3625.14 X3 30.45
16  6.00 100.00 30.00 3603.9 3631.40 BBD 3937.32
17  6.00 90.00 20.00 3708.1 3660.16 Exp. 3934.9

a The 17 runs from the Box-Behnken design (BBD) were given by the soft ware Design-Expert 7.1.3 Trial.
b Independent variables were X1: molar ratio of ANITS to analytes, X2: derivatization temperature (◦C) and X3: derivatization time (min).
c Experimental and predicted total peak areas of AA-derivative and DHAA-derivative.
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d Validation: multi-criteria (AME: absolute maximum error, CE: coefficient of effi
rror,  R2: correlation of determination and nonparametric tests (p-value with Wilco

.6.2. Recovery, matrix effect, accuracy and precision
Real sample was equally divided into two parts: one was ana-

yzed directly (peak area: S1); the other was spiked by a QC solution
known peak area: S0) and then analyzed (peak area: S2). Thus
ecovery was calculated as: recovery = (S2 − S1)/S0 × 100%, to inves-
igate the influence of real sample matrix on analytes. Moreover,
o investigate the matrix effect on detection, a solution used for
njection was divided equally into two parts: one was  analyzed
irectly (peak area: S3); the other was spiked by a known QC
olution (peak area: S0) and then analyzed (peak area: S4). The
atrix effect was calculated as: matrix effect = (S4 − S3)/S0 × 100%.

elative error (RE%) and relative standard deviations (RSD%) were
alculated to evaluate the accuracy and precision, respectively
n = 6).

.6.3. Stability
In view of the fact that AA tends to be oxidized [16], it is neces-

ary to test the stability of two resin acids and their ANITS-labeled
erivatives. According to the practical performance, following
onditions were considered. Short-term and long-term stability
ere investigated at room temperature for 12 h and one week,

espectively. Storage stability was evaluated at 4 ◦C for one week.
reeze–thaw stability was evaluated after two  cycles of freeze
−20 ◦C for one week)–thaw (room temperature, spontaneously)
erformance. Six duplicates of both resin acids and their deriva-
ives spiked at each of three concentration levels (150, 750 and
500 ng/mL) were analyzed and the mean ± SD with RE% was cal-
ulated.

.7. Application to cosmetic samples

The established UCSED-HPLC–FLD–MS/MS method was  used to
etect two resin acids (AA and DHAA) in six kinds of cosmetic
amples including depilatory wax strip, liquid foundation,  mascara,
yeliner, eyebrow pencil and lip balm, which are commonly applied

o the sensitive areas of body. All of cosmetic samples were inves-
igated at each of the three mass levels (50, 100 and 500 mg).
ontents of analytes were obtained and the results were discussed

n detail.
y, MAE: mean absolute error, RMSE: root Mean squared error, MRE: mean relative
ank sum method)).

3. Result and discussion

3.1. Optimization of UCSED

3.1.1. Optimization of extraction
Solvents for extraction of analytes from cosmetics were inves-

tigated as shown in Fig. 2-1a–1e (A–F), where extraction yields
(reflected by peak area) with ACN were set as 100%. From Fig. 2-
1a and 1b, it could be seen that absolute ethanol provided higher
extraction yield (87–95%) than methanol, probably due to the
higher solubility of resin acids in ethanol than in methanol. Chloro-
form (Fig. 2-1c) provided a relatively high yield (89–96%), but this
solvent needed additional evaporation and dryness with a stream
of nitrogen gas before the HPLC analysis. In comparison with ACN,
DMF (Fig. 2-1d) provided lower extraction yields for depilatory wax
strip (Fig. 2, A-1d) and eyebrow pencil (Fig. 2, E-1d). Clearly, ACN
provided the highest yields, probably for the reason that the good
miscibility of ACN was efficient for not only the emulsification and
homogenization of samples but also the extraction of the low polar
resin acids. From Fig. 2-2a–2e, it could be found that the ratio (vol-
ume/mass) of ACN to sample should be kept no less than 10:1, so
as to obtain the constantly high yield. Besides, investigations also
showed that temperature and time should be no less than 60 ◦C and
15 min, respectively.

3.1.2. Optimization of derivatization
As shown in Fig. 3A, DMF  provided the most intense responses.

DMSO provided the responses almost similar to DMF, but several
interfering peaks were observed [44]. Thus, DMF  was  used as co-
solvent by adding the stock solution of ANITS (designedly dissolved
in DMF) into the in-syringe derivatization system. Volume percent-
age of DMF  in the resulting mixture was kept within 2–10% in order
for the high yields of derivatization to be achieved. Investigations
on catalyst in Fig. 3B indicated that the maximum response inten-
sity could be achieved when more than 10 mg of K2CO3 was  added.
Investigations on limit of analyte concentration (LOAC) are illus-

trated in Fig. 3C. Fig. 3D indicated that the 8-fold molar ratio (ANITS
to two analytes) was most favorable to derivatization. Tempera-
ture investigation (Fig. 3E) showed a response increase from 70 ◦C
to 90 ◦C and a slight decrease after 95 ◦C, revealing the instability
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Fig. 2. Effect of extraction solvents, ratio of extraction solvent to sample (volume/mass), extraction temperature and time on extraction yield (total peak areas of derivatives)
for  depilatory wax  strip (A), liquid foundation (B), mascara (C), eyeliner (D), eyebrow pencil (E) and lip balm (F). 1 for extraction solvents: 1a (absolute methanol), 1b (absolute
ethanol), 1c (chloroform), 1d (DMF), 1e (ACN); 2 for ratio of extraction solvent to samples (volume/mass): 2a (4:1), 2b (8:1), 2c (10:1), 2d (15:1), 2e (20:1); 3 for extraction
t tion t
d

o
h

d
t
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F
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d

emperature: 3a (20 ◦C), 3b (40 ◦C), 3c (60 ◦C), 3d (80 ◦C), 3e (100 ◦C); 4 for extrac
eviations included.

f resin acids at the high temperature [27]. Fig. 3F shows that the
ighest derivatization yield could be obtained at 30 min.

A robust multivariable optimization method Box–Behnken

esign (BBD) was applied to achieve the optimal combination of
he three interactive variables (X1: molar ratio of ANITS to ana-
ytes, X2: derivatization temperature and X3: time) [37,45]. The 3D

ig. 3. The fluorescence intensity of single variable optimization for the derivatization rea
MSO and 4: THF); (B) derivatization reaction in the presence of different catalysts (1: py
ith  variation of the concentration (from 15 to 600 ng/mL); (D) molar ratio of ANITS to
erivatization time (from 10 to 40 min).
ime: 4a (5 min), 4b (10 min), 4c (15 min), 4d (20 min), 4e (25 min) with standard

response surface and 2D contour plots (see supplementary figure)
showed the relationship between response and variable. Exper-
imental design, model validation [48,49] and optima prediction

are listed in Table 1. Validation showed that the BBD multivariate
model provided good correlation (R2 = 0.9829) and coefficient of
efficiency (CE = 0.9984). The p-value of nonparametric test was

ction condition: (A) derivatization reaction in usual co-solvents (1: DMF, 2: ACN, 3:
ridine, 2: 2-methylpyridine, 3: triethylamine, 4: DMAP and 5: K2CO3); (C) analytes

 analytes (from 2 to 10); (E) derivatization temperature (from 70 to 100 ◦C); (F)
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ig. 4. The chromatograms for the standard analytes (A), depilatory wax  strip (B), l

.1204 indicating that the differences between experimental and
redicted values were not statistically significant (at the 95%
onfidence level) [48]. As a result, strongest response (3937.32)
as predicted by regression of BBD model. The combination of vari-

bles (X1: 8.43, X2: 92.7 and X3: 30.45) was applied to experiment,
roviding the response (3934.9) comparable to the predicted value.

.2. The UCSED–HPLC–FLD–MS/MS method development

With the thorough optimization, a simple UCSED pretreat-
ent for cosmetic samples has been developed. Eclipse XDB-C8

olumn was selected for the low polarity of ANITS-resin acid deriva-
ives which were detected by HPLC–FLD system at 5.63 min  and
.38 min, respectively (Fig. 4). It was noteworthy that when ANITS-

abeled AA was eluted, the ratio of ACN/H2O in mobile phase
eached to 100%, which ensured the highest response of fluores-
ence [44]. In this sense, mobile phase composition and elution
radient were very beneficial to the sensitive detection. Analytes
ere separated well (Fig. 4, B–G) and no interference from matrix
as observed at the retention time. Due to that the two analytes
ere susceptible to high temperature and oxygen and, moreover,

here were peaks of impurities adjacent to targets, further strict
dentification by on–line MS/MS  was still necessary. As shown in
ig. 5, intense molecular ion peaks ([M+H]+) were observed at
/z 673.2 (AA) and m/z 671.2 (DHAA). With MS/MS, the specific

ragment ions were obtained at m/z  345 and m/z [MA+H−345]+
MA was molecular mass of AA or DHAA) for ANITS moiety and
NITS-resin acid derivatives moiety, respectively. No fragments
aused by isomerization or oxidation of analytes were moni-
ored.
foundation (C), mascara (D), eyeliner (E), eyebrow pencil (F) and lip balm (G).

3.3. Method validation

3.3.1. Linearity, sensitivity and repeatability
Linearity, sensitivity and repeatability of this method are listed

in Table 2. Linear equations were established in the range of
75–3000 ng/mL (AA) and 150–4500 ng/mL (DHAA) with excellent
coefficients of determination (r2) ≥ 0.9991, which might be ensured
by the strict conditions for labile resin acids. As expected, very
low LODs (8.2–10.8 ng/mL for AA; 19.4–24.3 ng/mL for DHAA) and
LOQs (26.7–38.9 ng/mL for AA; 68.5–81.1 ng/mL for DHAA) were
achieved, indicating the high sensitivity of this method, which
might be attributable to the strong FLD responses and low inter-
ferences. The obtained LOAC values of 30.0–44.5 ng/mL (AA) and
70.9–86.7 ng/mL (DHAA) in Table 2 provided the guarantee for
trace analysis of cosmetic sample. Furthermore, very good approx-
imation between LOAC and LOQ indicated that the derivatization
reaction was complete and the analysis was  accurate. RSDs of
retention time and peak area were lower than 0.23% and 2.87%,
respectively, indicating the excellent repeatability of the determi-
nation. In addition, this and previous methods are compared in
supplementary text and supplementary Table 1 in detail.

3.3.2. Accuracy and precision
Intra- and inter-day variations for AA and DHAA are listed in

Table 3, where it could be seen that the intra-day and inter-day
accuracy ranged from −2.73% to 2.51% and from −3.2% to 1.48%,

respectively. The intra-day and inter-day precisions were found to
be within 1.29–2.56% and 1.89–2.84%, respectively. In comparison
with previous reports [4,29–33], this method provided more accu-
rate and precise determination for the two resin acids AA and DHAA.
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Fig. 5. The MS  and MS/MS  spectra for abietic acid (A) and dehydroabietic acid (B) with the cleavage mode.

Table 2
Linearity, reproducibility of retention time and peak area (n = 6), limit of detection (LOD), limit of quantification (LOQ) and limit of analyte concentration (LOAC) for
determination of abietic acid (AA) and dehydroabietic acid (DHAA) with fluorescence detection.

Samples Analytes Linearitya Reproducibility (RSD%) LOD (ng/mL)b LOQ (ng/mL)b LOAC (ng/mL)c

Y = (a ± SD)X + (b ± SD) r2 Retention time Peak area

Depilatory wax
strip

AA Y = (1.084 ± 0.018)X + (3.023 ± 0.050) 0.9996 0.06 1.33 8.7 27.5 31.8
DHAA  Y = (0.511 ± 0.010)X + (2.717 ± 0.051) 0.9996 0.03 0.92 23.2 70.8 76.6

Liquid  foundation
AA Y = (1.063 ± 0.020)X + (2.973 ± 0.056) 0.9997 0.12 1.17 9.0 31.4 35.7
DHAA  Y = (0.508 ± 0.004)X + (2.721 ± 0.064) 0.9998 0.08 0.98 19.4 68.5 70.9

Mascara
AA  Y = (1.105 ± 0.028)X + (3.081 ± 0.078) 0.9991 0.23 2.87 10.2 37.0 39.0
DHAA  Y = (0.528 ± 0.005)X + (2.809 ± 0.026) 0.9999 0.11 2.30 23.6 75.4 78.3

Eyeliner
AA  Y = (1.121 ± 0.029)X + (3.128 ± 0.081) 0.9992 0.17 1.77 9.7 35.1 41.3
DHAA  Y = (0.522 ± 0.010)X + (2.777 ± 0.053) 0.9993 0.09 1.02 24.3 81.1 86.7

Eyebrow pencil
AA Y = (1.126 ± 0.026)X + (3.141 ± 0.073) 0.9991 0.15 2.34 10.8 38.9 44.5
DHAA  Y = (0.516 ± 0.005)X + (2.746 ± 0.025) 0.9999 0.10 2.22 21.8 72.8 75.6

Lip  balm
AA Y = (0.098 ± 0.029)X + (3.061 ± 0.081) 0.9993 0.07 1.12 8.2 26.7 30.0
DHAA  Y = (0.501 ± 0.013)X + (2.662 ± 0.067) 0.9994 0.07 1.06 20.3 70.0 75.7

a Y: peak area and X: injected concentration (ng/mL); SD: the standard deviations of six duplicates (n = 6); r2: coefficients of determination.
b LOD and LOQ were established based on a signal-to-noise ratio of 3 and 10, respectively.
c LOAC was  the lowest concentration of analytes required.

Table 3
Intra- and inter-day accuracy and precision of abietic acid (AA) and dehydroabietic acid (DHAA) at three concentration levels (n = 6).

Analytes Spiked (ng/mL) Intra-day Inter-day

Mean ± SD Accuracy (RE%) Precision (RSD%) Mean ± SD Accuracy (RE%) Precision (RSD%)

AA
150 148.3 ± 3.8 −1.13 2.56 147.9 ± 4.2 −1.40 2.84
750  741.3 ± 16.9 −1.16 2.28 738.9 ± 21.0 −1.48 2.84

1500  1459.1 ± 29.0 −2.73 1.99 1452.0 ± 31.2 −3.20 2.15

DHAA
150  151.1 ± 2.1 0.73 1.39 148.4 ± 2.8 −1.11 1.89
750  740.2 ± 14.9 −1.31 2.01 761.1 ± 17.9 1.48 2.35

1500  1537.7 ± 19.8 2.51 1.29 1466.9 ± 28.6 −2.21 1.95
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Table  4
The stability evaluation of analytes, abietic acid (AA) and dehydroabietic acid (DHAA), and corresponding derivatives at three QC levels (n = 6).

Compound spiked (ng/mL) Short-term Long-term Storage Freeze–thaw

Mean ± SD RE% Mean ± SD RE% Mean ± SD RE% Mean ± SD RE%

AA
150 143.4 ± 4.9 −4.40 138.2 ± 8.3 −7.87 146.8 ± 2.0 −2.13 146.6 ± 1.9 −2.27
750  727.2 ± 14.8 −3.04 689.0 ± 18.9 −8.13 727.7 ± 12.3 −2.97 720.7 ± 14.5 −3.91
1500  1452.2 ± 21.0 −3.19 1336.5 ± 30.9 −10.9 1453.2 ± 18.9 −3.12 1450.5 ± 31.9 −3.30

AA-derivative
150  147.9 ± 4.1 −1.40 146.7 ± 4.0 −2.20 148.2 ± 0.5 −1.20 146.3 ± 2.1 −2.47
750  736.4 ± 12.9 −1.81 728.4 ± 17.4 −2.88 739.0 ± 12.5 −1.47 740.3 ± 15.2 −1.29
1500  1460.4 ± 25.6 −2.64 1459.8 ± 35.0 −2.68 1486.4 ± 14.9 −0.91 1463.6 ± 25.0 −2.42

DHAA
150  147.0 ± 3.4 −2.01 145.4 ± 5.3 −3.10 153.5 ± 1.0 2.33 151.7 ± 1.5 1.11
750  732.7 ± 13.0 −2.31 778.3 ± 16.9 3.77 739.4 ± 14.9 −1.41 732.7 ± 15.9 −2.31
1500  1546.6 ± 19.0 3.11 1546.4 ± 21.0 3.09 1469.9 ± 27.9 −2.01 1461.9 ± 20.6 −2.54

DHAA-derivative
150  148.3 ± 2.9 −1.13 147.1 ± 4.4 −1.93 150.6 ± 0.8 0.40 147.7 ± 1.1 −1.53
750  729.2 ± 13.5 −2.78 731.3 ± 15.9 −2.49 742.8 ± 13.2 −0.97 767.3 ± 13.6 2.31
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1500  1458.9 ± 18.9 −2.74 1552.0 ± 28

.3.3. Stability
Investigations on the stability of analytes and their derivatives

re listed in Table 4. For one thing, AA showed poorer stability
han DHAA, because AA was more susceptible to oxidation [16].
or another, all the RE% values of AA were negative, indicating that
he loss caused by oxidation seemed to be unavoidable. In view of
hese facts, it was reasonable to have pretreatment and quantifica-
ion finished as soon as possible with analytes being protected. By
omparing RE% value in short-term with that in long-term, it could
e found that the RE% difference between the two  store conditions
short-term and long term) became less after the resin acids were
erivatized to corresponding derivatives, indicating that the stabil-
ty might be improved after sample pretreatment. Thus the UCSED
ith ANITS proved to be competent enough for the analysis of labile

bietic acid (AA) and dehydroabietic acid (DHAA). Besides, com-
arison of the RE% values between storage (4 ◦C) and freeze–thaw

able 5
ontent of abietic acid (AA) and dehydroabietic acid (DHAA) in six kinds of cosmetic sam

Cosmetic samples Weighted
amounta (mg)

Abietic acid 

Measured
content (�g)

RSD (%, n = 6) 

Depilatory wax
strip

50 3.16 1.6
100  6.08 2.0 

500  34.22 1.5 

Liquid foundation
50 0.11 2.6

100  0.20 2.2 

500  0.93 1.9 

Mascara
50  3.01 2.1

100  5.25 2.7 

500  26.37 1.2 

Eyeliner
50  7.55 1.9

100  15.54 1.4 

500  78.21 1.1 

Eyebrow pencil
50 5.23 1.3

100  11.44 2.8 

500  56.11 2.1 

Lip  balm
50 0.19 4.3

100  0.45 3.8 

500  2.04 2.6 

a Weighted three amount levels of samples.
b The average contents of AA and DHAA in cosmetic samples with standard deviations 
3.47 1517.0 ± 26.1 1.13 1521.0 ± 18.0 1.40

(−20 ◦C) indicated that 4 ◦C should be a beneficial temperature for
the storage of stock solutions and cosmetic samples.

3.4. Application to the determination of AA and DHAA in
cosmetics

With established method, micro samples of depilatory wax strip,
liquid foundation,  mascara, eyeliner, eyebrow pencil and lip balm
were analyzed (Fig. 4). Contents of AA and DHAA in cosmetic sam-
ples are summarized in Table 5. According to the EU legislation
(Directive 67/548/EEC) on dangerous substances [21], a cosmetic
with colophony >1% may  cause sensitization by skin contact. Over-

all, contents of AA and DHAA in the analyzed samples were very
low (AA: 2.04–154.27 �g/g; DHAA: 10.37–1339.96 �g/g) and might
probably be in the safe range. But, some following information
still should be concerned. Resin acids were extensively used in

ples.

Dehydroabietic acid

Average
contentb (�g/g)

Measured
content (�g)

RSD (%, n = 6) Average
contentb (�g/g)

64.15
19.45 1.0

395.7839.73 1.1
200.52 1.9

2.04
0.51 3.2

10.370.99 4.1
5.51 2.0

55.15
6.05 1.9

116.2011.47 1.5
56.45 1.1

154.27
67.65 1.2

1339.96131.26 1.5
677.14 1.2

110.41
50.14 2.5

1005.1899.52 2.0
508.77 2.1

4.14
1.21 3.2

24.432.43 2.9
12.40 1.2

included.
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anufacture of depilatory wax strip. To reduce its side effects, man-
facturers were urged to modify the colophony. However, as the
esults indicated, a certain amount of colophony remained not
odified in the studied samples: 64.15 �g/g of AA and 395.78 �g/g

f DHAA; thus, the allergens might be present in the wax [4].
uantitative detection of AA (2.04 �g/g) and DHAA (10.37 �g/g)
onfirmed the existence of the colophony in liquid foundation,  indi-
ating that the allergy might be caused by this facial cosmetic [2].
s a cause of eyelid dermatitis, resin acids in mascara once have
een verified [3], but in this work, they got the definite quantifi-
ation (55.15 �g/g of AA; 116.20 �g/g of DHAA). The resin acids in
yeliner (154.27 �g/g of AA; 1339.96 �g/g of DHAA) and eyebrow
encil (110.41 �g/g of AA; 1005.18 �g/g of DHAA) were relatively
igh, which implied that large amounts of colophony material were
sed in their substrates. Similarly, the lip balm was found to contain
.14 �g/g of AA and 24.43 �g/g of DHAA, which might be related to
he resin acids-containing substrate materials, such as vaseline and
ax matrixes. The recoveries and matrix effects of AA and DHAA in

ix cosmetic samples are listed in supplementary Table 2. Recover-
es (95.20–104.22%) with RSD <5.59%, showed that the results were
recise and reproducible; matrix effects values (93.25–101.66%)
ith RSD <4.05% indicated the insignificant interference. Thus, the

stablished method provided a superior alternative for the accu-
ate, sensitive, efficient and convenient determination of trace AA
nd DHAA in micro samples. Meanwhile, the application to cos-
etic samples might play a guiding role for consumers to choose

uitable products and hopefully for manufacturers to improve pro-
uction process.

. Conclusions

In this work, a novel method using ultrasonic-assisted
losed in-syringe extraction and derivatization (UCSED) with
-(2-(anthracen-10-yl)-1H-naphtho[2,3-d]imidazol-1-yl) ethyl-p-
oluenesulfonate (ANITS) was established for labile resin acids,
ased on high performance liquid chromatography coupled
ith fluorescence detection and on-line tandem mass spectra

HPLC–FLD–MS/MS). The UCSED technique proved to be a more
eliable pretreatment for labile analytes than ever reported as
t simplified operation (<50 min), improved analytical sensitiv-
ty, and effectively prevented oxidation of analytes. HPLC–FLD
rovided selective and sensitive quantification with good resolu-
ion, excellent linearity (≥0.9991), and quite low detection limits
AA: 8.2–10.8 ng/mL; DHAA: 19.4–24.3 ng/mL). The on-line tan-
em mass spectra ensured a further confirmation of analytes
or complex samples. Besides, accuracy, precision, recovery, and
epeatability for determination of the two resin acids were sig-
ificantly improved. The established UCSED–HPLC–FLD–MS/MS
ethod was applied to six cosmetics samples of interest, demon-

trating the obvious advantages for the accurate, sensitive, efficient
nd convenient determination of labile abietic acid and dehydroa-
ietic acid.
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