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Abstract

A simple, rapid and green ultrasound-assisted ionic liquid solid-liquid extraction coupled with aqueous two-phase extrac-
tion method was developed and applied to the extraction of shikonin, acetylshikonin and f,f'-dimethylacrylshikonin in
Arnebia euchroma (Royle) Johnst. The separation and determination of the analytes was performed by high-performance
liquid chromatography coupled with diode array detection. In the study, 1-butyl-3-methylimidazolium tetrafluoroborate
([C;MIM][BF,]) was used as extraction solvent. Ionic liquid-based solid-liquid extraction and aqueous two-phase extraction
were performed simultaneously in one tube under the assistance of ultrasound. The liquid—liquid—solid three-phase sys-
tem, namely surfactant-rich phase, water-rich phase and sample-rich phase, was formed. The target analytes were enriched
in the surfactant-rich phase. Under the optimal experimental conditions, the calibration curves of target analytes showed
good linear relationship (#>0.9997). The inter-day and intra-day precision were in the range of 3.42-8.53 and 1.98-3.14%,
respectively. The LOD and LOQ for the target analytes were in the range of 5.0-19.2 and 16.7-64.2 ng mL ™!, respectively.
The recoveries of naphthoquinone pigments ranged from 90.00 to 97.73% and relative standard deviations were less than
4.50%. Compared with heat reflux extraction and ultrasonic-assisted extraction, the proposed method is simpler, faster and
more effective, because the mass transfer process for the analytes was always performed in one centrifugal tube and the steps
such as filtration, concentration and redissolution were avoided. The present method was demonstrated to be efficient and
satisfactory for the extraction of naphthoquinone pigments in medicinal plants.
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Introduction

Arnebia euchroma (Royle) Johnst., also known as Xinji-
ang Zicao, is a perennial herb widely distributed in Japan,
North Korea and China [1]. Its dried roots are dark pur-
ple and can be used as medicine. It has been proven to
treat hepatitis, vaginitis, cervicitis, dermatitis, empyro-
sis, pathopyretic ulcer, purpura, eczema, pityriasis rosea,
flat wart and psoriasis [1-5]. The prime pharmacological
components in Arnebia euchroma (Royle) Johnst. are naph-
thoquinone pigments such as shikonin, acetylshikonin and
p.p'-dimethylacrylshikonin [2], which were used not only in
pharmaceutical products, but also in textile, cosmetic and
food industries as a natural pigment [2, 4, 6]. Hence, it is
significant to develop an efficient method for the determina-
tion of naphthoquinone pigments in Zicao.

So far, several analytical techniques have been investi-
gated for the determination of naphthoquinone pigments
from medicinal plant materials, such as HSCCC [1], CE
[7], infrared spectroscopy [8], TLC—densitometry [6],
UV-Vis spectrophotometry [9] and HPLC [2, 3]. Among
the above analytical methods, HPLC proved to be a wise
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choice due to its fast analysis speed, high separation effi-
ciency and high sensitivity. However, an extraction step
prior to chromatographic analysis is usually required.
Various traditional sample pretreatment methods, such
as solid-phase extraction (SPE) [10], ultrasonic-assisted
extraction (UAE) [3, 11], microwave-assisted extraction
(MAE) [12], matrix solid-phase dispersion extraction
(MSPD) [13] and supercritical fluid extraction (SFE) [14],
have been developed for the extraction of naphthoquinone
compounds. Although these methods are effective, they
are laborious and time-consuming. In particular, a large
amount of volatile, poisonous and harmful organic solvent
is often required. Therefore, green, simple, rapid and min-
iaturized sample pretreatment methods have aroused great
interest. In recent years, some novel sample preparation
methods based on ionic liquid sprang up.

Ionic liquids (ILs) are low-temperature molten salts
composed entirely of anions and cations [15]. They are
liquid substances at or near room temperature. In the
field of pharmaceutical analysis, IL is often regarded as
a “green solvent” and used for the extraction and enrich-
ment of active ingredients from herbal plant. IL-based
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MAE [16-19], UAE [20-23], pressurized liquid extraction
(PLE) [24, 25] and ultrahigh-pressure extraction (UHPE)
[26] have been established and applied to extraction of
flavonoids, tanshinones, alkaloid, lignans, terpenoids and
other active constituents. By means of strong irradiation,
high temperature and high pressure, the target analytes
can be effectively extracted by IL, and satisfactory results
were achieved. Moreover, some novel miniaturized sam-
ple preparation methods such as temperature-assisted ionic
liquid-dispersive liquid—liquid microextraction (TA-IL-
DLLME) [27, 28] and ionic liquid—water—organic solvent
three-phase microextraction (ILWDS-3P-ME) [29] have
also been developed for the extraction and preconcentra-
tion of the target constituents from sample solution. How-
ever, the naphthoquinone compounds in Zicao belong to
a kind of natural pigments, which are easily degraded by
exposure to light, high temperature, metal ions, oxidant,
strong acid or strong alkaline [30]. Apparently, a mild pre-
treatment method for solid samples is more suitable for the
extraction of naphthoquinone pigments in Zicao.

Ionic liquid-based aqueous two-phase system (IL-ATPS)
first proposed by Rogers et al. [31, 32] is a novel, efficient
and green separation system. According to the different
objects, it can be divided into three types: IL-inorganic salt
[33], IL—carbohydrate [34] and IL—polymer-based ATPS
[35]. In IL—polymer-based ATPS, both IL and polymer
can be salted out from water depending on their structure,
functionality, molar mass and solubility [35]. However, the
ATPS consisted of IL and polymer are only studied with
two classes of polymers namely PEG and PPG. In recent
years, a new kind of ATPS formed by different ILs and ani-
onic or cationic surfactants in aqueous media was reported
[36]. In IL—surfactant-based ATPS, the mixtures of IL and
surfactants are often used as extraction solvent. Because the
mixtures can spontaneously form vesicles, they can be eas-
ily separated from the water to form microstructural phases.
These vesicles are densely packed in the upper phase and
sparsely in the lower phase [37], which is due to not only the
electrostatic interaction between surfactants [36] but also the

interaction between surfactants and IL [35]. The separation
and enrichment of the target analytes can be realized accord-
ing to the difference of the distribution coefficient between
the two phases. Due to the characteristics of short phase
separation time, mild separation conditions, low viscosity
and simple operation, IL—surfactant-based ATPS has been
applied in the extraction and separation of colorant [38],
antibiotics [39], biomolecules and metal ions [35, 40, 41]
and so on. So far, this technique has not been applied to the
extraction of active constituents from medicinal plants.

Therefore, a novel ultrasound-assisted ionic liquid
solid-liquid extraction coupled with aqueous two-phase
extraction high-performance liquid chromatography method
(UAIL-SLE/ATPE-HPLC) was established and applied to
the determination of naphthoquinone pigments in Zicao. IL-
based SLE and IL—surfactant-based ATPE were performed
simultaneously in one tube under the assistance of ultra-
sound. The proposed method does not require the removal
of solid sample matrix prior to ATPE, nor does it require
the steps of evaporation, concentration and redissolution,
which simplified the experimental procedure and shortened
the extraction time.

Experimental
Chemicals and Materials

The standards of shikonin, acetylshikonin and fS,p'-
dimethylacrylshikonin were obtained from Shanghai
Yuanye Bio-Technology Co. Ltd. (Shanghai, China). The
structures of the naphthoquinone compounds are shown
in Fig. 1. The standard stock solutions for naphthoquinone
pigments at the concentration of 500 ug mL™' were pre-
pared by dissolving the standards in chromatographic-grade
acetonitrile and stored in brown volumetric flask at 4 °C.
The working solutions were obtained by diluting the stock
solutions with chromatographic-grade acetonitrile. 1-Butyl-
3-methylimidazolium tetrafluoroborate ([C,MIM][BF,]),

Shikonin

Fig. 1 Chemical structure of the analytes

Acetylshikonin

B.p'-dimethylacrylshikonin
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1-hexyl-3-methylimidazolium tetrafluoroborate ([C,MIM]
[BF,]) and 1-octyl-3-methylimidazolium tetrafluoroborate
([CgMIM][BF,]) were obtained from Cheng Jie Chemi-
cal Reagent Co. Ltd. (Shanghai, China). Sodium dodecyl
benzene sulfonate (SDBS) and trisodium citrate dihydrate
(C¢Hs5Na;0,-2H,0) were obtained from Sinopharm Chemi-
cal Reagent Co. Ltd. (Shanghai, China). Chromatographic-
grade acetonitrile was obtained from Fisher Scientific
(Pittsburgh, PA, USA). Pure water was obtained with a
Milli-Q water purification system (Millipore MA, USA).
Analytical-grade NaHCO,, (NH,),SO,, Na,HPO,-12H,0,
K,HPO,-3H,0, NaCl, KCl and K,CO; were purchased from
Beijing Chemical Factory (Beijing, China).

Instruments

A 1100 series liquid chromatograph (Agilent Technolo-
gies Inc., USA) equipped with DAD was employed. The
chromatographic separation of the analytes was carried out
on a Zorbax Eclipse Plus C18 column (150 mm X 4.6 mm,
3.5 pm, Agilent, USA). KQ-5200DE ultrasonic generator
(Kunshan Ultrasonic, Jiangsu, China) and XW-80A vortex
mixer (Qingpu, Shanghai, China) were used in the extraction
procedure. RE-52AA rotary evaporator (Yarong, Shanghai,
China) was employed. The phase separation was performed
on a R404A high-speed freezing centrifuge (Eppendorf,
Hamburg, Germany).

Phase Diagram Determination

The three components of ATP (IL, SDBS and water) were
separately set as three vertices of the ternary phase diagram.
The phase diagram was prepared by the turbidity method
at 298.2 K. The amount of [C;,MIM][BF,] and SDBS for
the determination of the phase diagram were in the range
of 3.0-3.8 and 0.2-1.0 g, respectively. They were directly
mixed in the test tube according to the required mass ratios,
then pure water was continuously added and stirred con-
stantly. At the same time, the changes of the solution were
observed carefully and the quality of the water was recorded
accurately. The criterion for determining the presence of an
ATPS is the appearance of a clear interface between two
phases. ATPS is considered as an equilibrium system when
the interface between the two phases is clearly visible and
the volume of the upper and lower phases is no longer
changed.

Sample Preparation
Zicao samples (1-5) from different planting area were pur-
chased from local pharmacy (Changchun, China). All sam-

ples were dried thoroughly in the cabinet drier at 60 °C for
24 h. Then the samples were triturated with a pulverizer and
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passed through a 120-mesh stainless steel sieve. The result-
ing sample powder was stored in a desiccator before use. The
spiked samples containing three naphthoquinone pigments
were prepared by spiking the standard solutions into sam-
ples. To ensure the standard solutions to be well dispersed,
a moderate amount of acetonitrile was added until all the
sample powder was immersed in acetonitrile. All experi-
mental results were obtained with Sample 1 except for the
real sample analysis results.

UAIL-SLE/ATPE

The schematic procedure of UAIL-SLE/ATPE is shown in
Fig. 2. 0.01 g of sample powder, 4 mL of pure water and
440 pL of [C,MIM][BF,] were added to a 10-mL centri-
fuge tube and mixed with a vortex mixer. Then 0.14 g of
SDBS and 0.44 g of CHsNa;0,-2H,0 were also added to
the tube. After mixing, the sample mixture was extracted
by ultrasound for 10 min and centrifuged for 5 min at
2000 rpm. A liquid-liquid—solid three-phase system, namely
top surfactant-rich phase, middle water-rich phase and bot-
tom sample-rich phase, was formed. The top phase solution
containing the target analytes was precisely withdrawn with
a syringe and diluted to 0.5 mL with acetonitrile. The result-
ing solution was filtered with 0.22-pum membrane filter for
HPLC analysis.

Comparison of Methods
UAE

UAE is a standard method recommended by Chinese Phar-
macopoeia [42]. 0.50 g of sample powder and 25 mL petro-
leum ether were accurately measured and placed in a conical
flask with cover. The conical flask containing sample and
extraction solvent was weighed and ultrasonic extraction
was carried out for 30 min at 250 W. After cooling to room
temperature, the conical flask was weighed again and the
lost weight was made up with petroleum ether. Subsequently,
the mixture of sample and solvent was shaken and filtered
through a filter paper. 10 mL of subsequent filtrate was
accurately collected and evaporated to dryness. The residue
was dissolved with the mobile phase and transferred into a
10-mL volumetric flask. Then the mobile phase was added to
the volumetric flask scale. The resulting solution was shaken
well and filtered with 0.22-pm membrane filter for HPLC
analysis.

HRE

HRE is widely applied for a long time. For comparison,
HRE is also performed. 0.50 g of sample powder and 80 mL
of ethanol were placed into a 500-mL round-bottom flask.
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Fig.2 Schematic procedure of UAIL-SLE/ATPE

After extraction for 2 h, the mixture of sample and solvent
was transferred into a 100-mL volumetric flask. The etha-
nol was added to the volumetric flask. The sample solution
was shaken and filtered through a filter paper. 10 mL of
subsequent filtrate was accurately collected and evaporated
to dryness. Then the residue was dissolved with 10 mL of
acetonitrile. The resulting solution was filtered with 0.22-pm
membrane filter for HPLC analysis.

Chromatographic Conditions

The mobile phase consisted of acetonitrile (A) and aque-
ous solution containing 0.5% (v/v) formic acid (B). Gra-
dient program was as follows: 0-5 min, 70% A; 5-8 min,
70-80% A; 8—12 min, 80% A; 12—-15 min, 80-85% A,
15-20 min, 85% A; 20-23 min, 85-70% A; 23-30 min,

Table 1 Analytical performances

70% A. The flow rate of the mobile phase was maintained
at 0.5 mL min~!. The injection volume of the analytical
solution was 10 pL. The temperature of the column was
controlled at 35 °C. The detection wavelength was 516 nm.

Determination of Extraction Yield

mass of analyte in sample powder (mg)

Extracti ield (mg/
xtraction yield (mg/g) mass of the sample powder (g)

_ C(pg/mL) X V(mL) X 1073
" mass of the sample powder (g)’

where C was the concentration of analyte in the sample
solution and V was the volume of the sample solution. The
concentration of analyte (C) was calculated from the meas-
ured chromatographic peak area by the calibration curve in
Table 1.

Analytes Calibration curve Correlation Linear range  LOD (ng mL™") LOQ (ng mL™) Intra-day precision Inter-day precision
coefficient (ug mL™") (RSD, %, n=5) (RSD, %, n=5)

Shikonin A=-0.68+26.63c 0.9998 0.29-15.00 5.0 16.7 1.98 8.53

Acetylshikonin A=-0.69+426.40c 0.9998 0.08-40.00 19.2 64.2 2.49 5.57

BB A=-1.26+27.52¢ 0.9997 0.14-73.49 11.2 37.3 3.14 3.42

Dimethylacrylshikonin
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Results and Discussion
Selection of IL

In this study, IL is not only the extraction solvent of SLE,
but also the cationic surfactant of ATPE, which has an
important influence on the formation of three-phase system
and extraction of naphthoquinone pigments. To evaluate
the effect of IL type on extraction yields, [C,MIM][BF,],
[CaMIM][BF,] and [CgMIM][BF,] were investigated, when
the concentration of SDBS was 0.1 mol L™! and the volume
of IL was 440 pL. The experimental results indicated that
the liquid—liquid—solid three-phase system cannot be formed
when [CqMIM][BF,] and [CgMIM][BF,] were used. The
reason may be that the increase in the length of alkyl chain
reduces the water solubility and increases the viscosity of
IL [43], so that a portion of ILs adhered to the surface of the
solid sample particles and cannot form large aggregates with
SDBS, which results in the failure to form ATPS. Therefore,
[C,MIM][BF,] was selected as the extraction solvent.

ATPS Formation

As shown in Fig. 3, the ternary phase diagram of [C,MIM]
[BF,], SDBS and water mixture was obtained at 298.2 K.
The ternary phase diagram was divided into three different
regions: heterogeneous region (L +S), single-phase region
(L) and ATP region (2L). The L+ S region occupies a larger
area, and is located in the region that SDBS accounts for
larger proportion. The L+ S region containing sediment may
be composed of SDBS precipitate and its saturated solution
of [C,MIM][BF,] and water. The L region is a continuous

10/ < N/ /N N Ngae
Hy0 000 02 050 07 100 SDBS

Fig.3 The ternary phase diagram of the [C,MIM][BF,]-SDBS—
water mixtures (weight fraction units) at 298.2 K and ambient pres-
sure. Codes for phases: S, solid; L, homogeneous solution; 2L, ATPS,
the composition of the final ATPS used

@ Springer

extension phase area near the [C,MIM][BF,]-water side.
The constituent solution in the L region was transparent,
isotropic and less viscous. The 2L region (ATP region) was
the smallest area. The concentration ranges of [C,MIM]
[BF,] and SDBS used to form ATPS were 10.5-56.0 and
2.0-16.2%, respectively.

Optimization of UAIL-SLE/ATPE

To achieve the highest extraction yield, the influence of
several experimental parameters was investigated, includ-
ing volume of IL, amount of SDBS, ionic strength, sam-
ple amount, pH value of the extraction medium, ultrasound
power and time, centrifugal speed and time. All experiments
were performed in triplicate.

Effect of IL Volume

The volume of [C,MIM][BF,] is critical to the formation
of ATPS and extraction of the naphthoquinone pigments.
The effect of the volume of [C,MIM][BF,] ranging from
360 pL to 500 pL on extraction yields of target analytes
was investigated since the ATPS cannot be formed when the
volume of [C,MIM][BF,] was less than 360 pL. As shown
in Fig. 4a, when the volume of [C,MIM][BF,] increased
from 360 pL to 440 pL, the extraction yields of naphthoqui-
none pigments increased gradually. The highest extraction
yields were achieved when 440 pL of [C,MIM][BF,] was
used. However, as the volume of [C,MIM][BF,] continued
to increase, the extraction yield of shikonin remained almost
unchanged, while the extraction yields of acetylshikonin and
p.p'-dimethylacrylshikonin reduced slightly. This may be
because the increase of IL enhanced the solution viscosity
and thereby weakened the mass transfer process. Therefore,
440 pL of [C,MIM][BF,] was used.

Effect of SDBS Amount

SDBS is a necessary condition for IL-surfactant-based
ATPE. The amount of SDBS affects the formation of
IL-SDBS aggregates and the distribution of target ana-
lytes. The effect of amount of SDBS (0.12-0.25 g) on the
extraction yields was investigated when the volume of
[C,MIM][BF,] was 440 pL. If the amount of SDBS was
less than 0.12 g, ATPS cannot be formed. The reason may
be that the total concentration of surfactant is too low to
form the IL-SDBS aggregates and ATPS [43]. As can be
seen from Fig. 4b, the extraction yields of naphthoquinone
pigments increased gradually with the increase of SDBS
ranging from 0.12 to 0.14 g. This means that with the
increase of the SDBS amount, the number of IL-SDBS
micelle aggregates for enriching target analytes rose
effectively, and eventually the extraction yields increased.
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When the amount of SDBS was 0.14 g, the extraction
yields of target analytes reached the maximum. At the
same time, the molar ratio of SDBS and IL is approxi-
mately 1:6. When the SDBS amount was increased from
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0.14 g to 0.25 g, the volume of the surfactant-rich phase
rose gradually, which leads to the decrease of the con-
centrations and extraction yields of analytes [41]. Hence,
0.14 g of SDBS was chosen.
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Effects of Salt Type and Concentration

The addition of salt can effectively improve the extraction
performance of the IL—surfactant-based ATPS. First, com-
pared with the salt-free system, the regions of ATPS are
much broader and the minimum concentrations for form-
ing an ATPS are much lowered when salt is used [37, 44].
Second, the phase separation time of ATPS is much short-
ened when salts are added [44]. Finally, the addition of salt
can significantly improve the extraction efficiency of the
target analytes. For example, Yang et al. [39] reported an
IL—surfactant-based ATPS for the extraction of antibiotics
in honey. In their research, 0.08 g of NaCl was added to
the ATPS so as to obtain higher extraction recoveries. This
confirmed the important role of salt in improving extrac-
tion efficiency. In addition, an interesting phenomenon was
also observed in this study. When no salt was added to the
ATPS, the volume of the surfactant-rich phase was larger
and the obtained extraction yields were lower. It can be
seen that the addition of salt promoted phase separation
and improved extraction efficiency, which was consist-
ent with the literature [38, 39]. Therefore, the effects of
salt type and amount on the extraction yields of naph-
thoquinone pigments were investigated. However, when
K,HPO, was used, some dark gray flocculent precipitates
appeared at the bottom of the centrifuge tube and the phase
separation interface of the ATPS was rather indistinct. As
shown in Fig. 4c, when C¢HsNa;0,-2H,0, (NH,),SO,,
NaH,PO, and NaHCO; were used, a stable ATPS can be
formed, and the highest extraction yields were obtained
by C¢HsNa;0,-2H,0. On the one hand, this phenom-
enon may be related to the strong salting-out capacity of
C¢HsNa;0,-2H,0. The binding ability of [C4Hs0,]%~ to
water molecule is far stronger than that of [BF,]™ and
[C,,H,5CcH,SO5]™ to water molecule, thereby promot-
ing the separation of the micellar aggregates for [C,MIM]
[BF,] and SDBS from the water-rich phase [39, 45]. On
the other hand, a large amount of C{HsNa;0,-2H,0 in the
solution competes with naphthoquinones for water mol-
ecule, which leads to a decrease in the hydration degree of
naphthoquinones and then promotes their transfer from the
water-rich phase to the surfactant-rich phase [45]. Moreo-
ver, the addition of salt can increase the density difference
between the two phases and make the phase separation
faster [46].Therefore, CqHsNa;0,-2H,0 was selected in
this study.

To optimize the concentration of CHsNa;0,-2H,0, when
440 pL of IL and 0.14 g SDBS were used to form the ATPS,
the effect of salt concentration (w/v) from 5 to 14% on the
extraction yields was investigated. The experimental results
shown in Fig. 4d indicated that when the concentration of
C¢HsNa;0,-2H,0 was 11%, the extraction yields of target
analytes reached the maximum.
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Effect of Sample Amount

As shown in Fig. 4e, the extraction yields of the target
analytes decreased gradually with the increase of sample
amount from 10 mg to 40 mg. The reason may be that the
amounts of [C;,MIM][BF,] and SDBS were insufficient to
extract the target analytes from sample. In addition, with the
increase of sample amount, some sticky IL tends to adhere
to the surface of solid particles, which may affect the mass
transfer and distribution of the target analytes. However,
when the sample amount was less than 10 mg, the extraction
yields did not improve significantly. Moreover, the smaller
the sample amount, the greater the experimental error. To
ensure that the sample is representative, the sample amount
was selected as 10 mg.

Effect of pH Value of Extraction Medium

The pH value of extraction medium influences the ioniza-
tion status and solubility of naphthoquinone pigments. The
effect of pH value in the range of 2—13 on the extraction
yields was examined. The experimental results shown in
Fig. 4f indicated that the extraction yield of shikonin was
almost unchanged with the increase of pH value. How-
ever, higher extraction yields of acetylshikonin and f,5'-
dimethylacrylshikonin were obtained when the pH value
of the extraction medium was 5-8, which was consistent
with the results reported in the literature [47]. In acidic solu-
tion, the solubility of the target analytes reduced and the
extraction yields decreased accordingly. In alkaline solution,
due to the dissociation of phenolic hydroxyl groups on the
naphthoquinones, the red shift of the maximum absorption
wavelength for naphthoquinones was generated, which leads
to a decrease in the extraction yields. Therefore, pH 7.0 was
selected.

Effects of Ultrasound and Centrifugal Conditions

Ultrasound can not only destroy cell wall and acceler-
ate the penetration of solvents into plant tissues, but also
affect the distribution efficiency of target analytes and the
formation of ATPS [48]. For this reason, the effects of
ultrasound power in the range of 40-200 W and ultrasound
time in the range of 0—30 min on the extraction yields were
studied. As shown in Fig. 5, the extraction yields of naph-
thoquinone pigments increased gradually with the increase
of ultrasound power from 40 to 120 W, and then remain-
ing unchanged up to 200 W except for acetylshikonin. In
addition, the extraction yields of analytes were relatively
low when ultrasound irradiation was not applied. When
the ultrasound time rose to 10 min, the highest extrac-
tion yields were obtained, which means that the extrac-
tion balance could be achieved within 10 min. However,
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Extraction yield (mg g)
w

B,p>- Dmethylacrylshikonin

Ultrasound power 0 5 105 Acetylshikonin
W

0 300
i 2000
Ultrasound time 3000 4500

(min) Shikonin

Centrifugal speed 3 500y
(rpm) Centrifugal time
(min)

Fig.5 Effect of ultrasound and centrifugation conditions on extrac-
tion yields. The experimental parameters are as follows: IL volume,
440 pL of [C,MIM][BF,]; SDBS amount, 0.14 g; salt concentration,
11% C¢HsNa;0,-2H,0; sample amount, 10 mg; pH value of extrac-
tion medium, 7.0

longer extraction time would affect extraction efficiency
of analytes. It was probably because excessive ultrasound
irradiation would change the composition of the top and
bottom phases of the ATPS, thus affecting the formation of
larger micellar aggregates and the distribution of analytes
[49]. Based on these results, the ultrasound irradiation at
120 W for 10 min was selected.

However, since the sample residue was not removed
prior to ATPE, which greatly influenced the formation of
ATPS. The phase equilibration time was prolonged. The
phase equilibration could be achieved for at least 1 h. To
improve efficiency and completely separate surfactant-rich
phase, water-rich phase and sample-rich phase from each
other, centrifugation was used. The effect of centrifugal
speed from 1000 to 4000 rpm and centrifugal time from 3
to 20 min on the extraction yields was examined (Fig. 5).
The experimental results indicated that the phase separa-
tion and partition equilibrium could be attained when the

centrifugal speed reached 2000 rpm and the centrifugal
time exceeded 5 min. Hence, centrifugation was carried
out at 2000 rpm for 5 min.

Through optimization of experimental conditions, the
liquid—liquid—solid three-phase system can be formed and
the highest extraction yield can be obtained. At this time, the
concentrations of [C;MIM][BF,] and SDBS used to form the
ATPS were 10.41% and 2.74% (w/w), respectively. An inter-
esting phenomenon was observed from Fig. 3. Under opti-
mal experimental conditions, the composition of the ATPS is
not in but close to the 2L region of the phase diagram. This
may be related to the addition of salt and the presence of
solid sample residues in the ATPS, which causes the phase
diagram to be modified.

Evaluation of the Method
Analytical Performance

The standard curves were constructed by plotting the peak
areas measured versus the concentrations of target ana-
Iytes. It can be seen from Table 1 that good linearities were
achieved in the range of concentrations examined (correla-
tion coefficient higher than 0.9997). The limits of detection
(LODs) and quantification (LOQs) refer to the minimum
concentration at which the analytes can generate signal-to-
noise ratio (SNR) of 3 and 10, respectively. The LOD and
LOQ for the target analytes were in the range of 5.0-19.2
and 16.7-64.2 ng mL~", respectively. The concentrations of
target analytes in analytical solution were higher than LOQs
and lower than the upper limit of determination of the pre-
sent method. Therefore, LODs, LOQs and linear range were
suitable for the aim of the present method. The calibration
curve, correlation coefficient, linear range, LODs and LOQs
are presented in Table 1.

Precision was evaluated by measuring intra-day and inter-
day relative standard deviations (RSDs). The intra-day preci-
sion was obtained by analyzing the samples five times in one
day. The inter-day precision was obtained by analyzing the
samples once a day for five consecutive days. As indicated in
Table 1, the intra-day and inter-day RSDs were in the range

Table 2 Recoveries of the

Analyte Original Added (mg g_') Found (mg g‘l) Recovery (%) RSD (%, n=5)
analytes (mg g1

Shikonin 0.88 0.44 1.31 97.73 4.50

0.88 1.73 96.59 3.99
Acetylshikonin 2.00 1.00 2.92 92.00 2.04

2.00 3.80 90.00 4.17
p,p'-Dimethylacrylshikonin 5.43 2.72 7.95 92.65 1.71

5.43 10.43 90.08 348
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of 1.98-3.14 and 3.42-8.52%, respectively. Thus, the present
method showed an acceptable repeatability.

To evaluate the accuracy of the present method, the
spiked sample 1 was analyzed and the results are listed
in Table 2. The recoveries of naphthoquinone compounds
range from 90.00 to 97.73% with the RSDs lower than
4.50%. This indicates that the present method can provide
acceptable recoveries.

Analysis of Samples

To estimate the applicability of the present method, a
total of five real samples from different planting areas
were analyzed. The target analytes in samples were iden-
tified by comparing their retention times and absorption

mAU @) \ z\

20

Absorbance (mAu)

mAU i (b) \

Absorbance (mAu)

spectra with those of authentic standards (Fig. 6). The
experimental results are listed in Table 3. It can be
seen that the contents of shikonin, acetylshikonin and
p.p'-dimethylacrylshikonin in Zicao are in the range of
0.52-0.88, 1.03—2.00 and 2.48-5.43 mg g™, respectively.
Because of its high content, f3,f'-dimethylacrylshikonin
is often considered to be the marker component in Zicao,
which is consistent with the Chinese Pharmacopoeia
[42]. Moreover, the content of naphthoquinones in Zicao
samples from different regions varies greatly, which has
important influence on the quality of medicinal herbs. This
may be related to different climatic and geographical con-
ditions, such as temperature, precipitation, light and soil
[50].

500

400

300

290

280 ‘Wavelength (nm)

Fig.6 Chromatograms of standard solution (a) and extract of sample 1 (b). Insets show absorption spectra of standard solution (c¢) and extract of

sample 1 (d). 1, Shikonin; 2, acetylshikonin; 3, 4,/#'-dimethylacrylshikonin

Table 3 Analytical results of

Sample  Shikonin Acetylshikonin p,p'-Dimethylacrylshikonin
real samples

Extrac- RSD (%, n=3) Extrac- RSD (%, n=3) Extrac- RSD (%, n=3)
tion yield tion yield tion yield
(mgg™ (mgg™) (mgg™)

Sample 1 0.88 1.26 2.00 2.55 5.43 1.55

Sample 2 0.65 0.78 1.03 0.19 3.04 0.12

Sample 3 0.57 1.67 1.54 0.63 2.48 1.49

Sample 4 0.52 322 1.12 0.69 2.57 0.17

Sample 5 0.61 0.42 1.11 0.41 3.05 0.75
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Table 4 Comparison of UAIL-
SLE/ATPE, HRE and UAE

UAE (the pharma- UAIL-SLE/ATPE HRE

copoeia method)
Shikonin (mean +SD?, mg g™!) 0.90+0.03 0.88+0.01°" 0.66+0.03"¢
Acetylshikonin (mean + SD?, mg g™} 2.06+0.11 2.00+0.05 1.60+0.12"
B.B"-Dimethylacrylshikonin (mean+SD? mg g™!)  5.61+0.10 5.43+0.15 4.84+0.18"
Solvent type Petroleum ether [C,mim][BF,] Ethanol
Volume of solvent (mL) 25 0.44 80
Extraction time (min) 30 10 120

48D standard deviation (n=3)

b«_»Compared with the pharmacopoeia method, there is no significant difference, p> 0.05

c«+”Compared with the pharmacopoeia method, there is significant difference, p <0.05

Comparison of UAIL-SLE/ATPE with Other Methods

To further evaluate the performance of the present method,
it was compared with the commonly used HRE method and
the standard method recommended by the Chinese Phar-
macopoeia (UAE) [42]. The results are shown in Table 4.
The extraction yields obtained by the present method were
significantly higher than those obtained by HRE and slightly
lower than those obtained by UAE. However, there was no
significant difference between the present method and the
standard pharmacopoeia method by ¢ test (p > 0.05). In addi-
tion, in this study, IL instead of traditional organic solvent
was used as extraction solvent, which reduced the consump-
tion of solvent and protected the environment. Compared
with HRE and UAE, the present method does not require the
removal of solid sample matrix prior to ATPE, nor does it
require the steps of filtration, evaporation and redissolution,
which simplified the experimental procedure and shortened
the extraction time. Therefore, the UAIL-SLE/ATPE is con-
sidered to be a comparatively satisfactory sample pretreat-
ment method.

Conclusion

A simple, rapid and green UAIL-SLE/ATPE coupled with
HPLC-DAD method was first established for the extraction
and determination of naphthoquinone pigments in Arnebia
euchroma (Royle) Johnst. In present method, IL-based SLE
and ATPE were performed simultaneously in one tube with
the aid of ultrasound, which integrated extraction, separation
and preconcentration into one step. Compared with UAE and
HRE, the present method has some advantages in terms of
experimental operation, extraction time and consumption
of extraction solvent. The results indicate that the present
method has a great potential for the extraction and determi-
nation of naphthoquinone pigments in herbal medicine and
pharmaceutical products.
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