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Abstract: For the determination of salicylaldoxime in environmental water samples, a stable and rapid method with low
detection was proposed and established, based on the liquid-liquid extraction-high performance liquid chromatography
with ultraviolet detector. Parameters including extraction solvent, ionic strength, solution pH, and extraction pattern
were discussed for the optimal quantification of salicylaldoxime-spiked water. When the described method was applied
to four spiked water samples, the obtained average extraction recovery rate was found between 87%—107% and relative
standard deviation was below 6%. At the same time, good linear relationships were observed for spiked water samples
from 0.01 to 10 pg/mL (R?=0.9993). In addition, the detection limit of salicylaldoxime was revealed between
0.003-0.008 pg/mL, which is two orders of magnitude lower than previously reported results. Thus, the presented
method may be advantageous for the high-efficiency determination of salicylaldoxime in water samples.
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pollution controls for the smelter production. In
recent years, organic pollutants from metallurgy
process have also aroused the public concerns

1 Introduction

China is one of the largest producers and
consumers of copper in the world. It produces over
2.3 million tons of copper per annum, around one
fifth of the total world production [1]. In its many
smelting plants, solvent extraction is the primary
method in copper hydrometallurgy. Smelting and
related industries, however, have particularly
adverse impacts on both the environment and public
health [2-4], and become some of the largest
sources of environmental pollution from heavy
metals even today [5], resulting in increased

regarding the possible persistent effects of some
organic reagents [6, 7] and some researches and
practices have focused on the degradation of metal
extracting reagents [8—10]. Salicylaldoxime is one
of the most widely used extracting reagents in
beneficiation and metallurgy fields [11-19], and its
history in copper extraction can be dated back to the
1970s [11]. It also has important applications in the
biological and pharmaceutical fields [20-22],
fulfilling its role by blocking K™ and Ca®" currents
in cardiac myocyte [23] and inhibiting the enzyme
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activity [20]. Therefore, it is critical to develop a
rapid and high-efficiency method for the
determination of salicylaldoxime in environmental
water samples so as to serve for the understanding
of its origin, migration, behavior and corresponding
environmental protection.

Works relating to salicylaldoxime
determination have already been described in the
literature, even if such reports are still scarce.
MENOYO et al [24] presented a gas
chromatography-mass  spectrometer  (GC-MS)
method for the identification of alkyl
salicylaldoxime based reagents and investigated
their degradation behavior by mass spectrometric

analysis, which is in line with our research question.

By following such an interesting work, we have
performed a series of GC-MS experiments to
further explore the chromatographic behavior of
salicylaldoxime. However, the co-existence of four
peaks in obtained chromatogram, which could be
possibly  attributable to  the  Beckmann
rearrangement [25] and the dehydration reaction
[26] of oxime, hindered the practical application of
GC-MS method in the determination of
salicylaldoxime, albeit the injector temperature was
repeatedly optimized. In an alternative way,
HIMBERG et al [27] developed a high performance
liquid chromatography (HPLC) procedure for the
determination of salicylaldoxime and
f-resorcylaldoxime in  human urine, using
tetrahydrofuran (THF) and water (55/45, v/v) as the
mobile phase and diethyl ether as the extraction
solvent, respectively. This method gave a moderate
extraction recovery (85%) and relatively high level
limit of detection (LOD, 0.2 ug/mL). Besides, the
usage of diethyl ether in this procedure readily led
to a great loss and high relative standard deviation
(RSD), due to its high volatility and low viscosity.
Therefore, it was quite desirable and necessary to
develop a reliable method with high extraction
recovery and low LOD, by incorporating pre-
condensation procedure and choosing right solvent.

Herein, we described a high-efficiency method
for the determination of salicylaldoxime in water
samples by liquid-liquid extraction (LLE) [28] prior
to high performance liquid chromatography.
Parameters and conditions including type and
volume of extraction solvent, salt addition, pH,
extraction pattern, and the components of the
mobile phase were examined and optimized.

2 Materials and methods

2.1 Reagents and standards

Salicylaldoxime (98%), HPLC grade methanol,
cyclohexane, toluene, ethyl acetate, diethyl ether,
and dichloromethane were purchased from Aladdin
(Shanghai, China). Sodium chloride (NaCl) was
purchased from Sinopharm Chemical Reagent Co.
Ltd (China).

Stock solutions of salicylaldoxime
(1000 pg/mL) were prepared by dissolution of
50 mg salicylaldoxime solid particulates in 50 mL
methanol and stored at 4 °C in the dark. Working
standard solutions were prepared by serial dilutions
of the stock solution with methanol prior to
analysis.

2.2 Equipment and conditions for HPLC
2.2.1 Equipment

Absorbance measurements were carried out by
using a TU-1901 double-beam spectrophotometer
and a 1 mL quartz cell.

The HPLC-UV system was an Agilent 1260
series (Agilent Technologies, USA), equipped with
a quaternary pump, a temperature controlled auto
injector, and a temperature controlled column
compartment.

2.2.2 Chromatographic conditions

Methanol-water (55:45, v/v) was used at
0.8 mL/min as the mobile phase with an Agilent
C18 column (150 mmx4.6 mm, 5 um) protected by
a guard column with a matching stationary phase.
The column temperature was 30 °C. The detection
wave-length selected on the UV detector for
salicylaldoxime was 305 nm. The injection volume
was 10 pL. Mobile phase was filtered through a
0.22 um membrane nylon filter (ANPEL, China),
and degassed by ultra-sonication before use. Under
such chromatographic conditions, the retention time
of salicylaldoxime peak in the chromatogram was
4.25 min.

2.3 Liquid-liquid extraction procedure

A 10.00 mL ultra-pure water containing 30%
(w/v) NaCl was placed in a 50 mL conical flask and
spiked with 0.1 pg/mL of salicylaldoxime. Five
milliliters of toluene were injected rapidly into the
aqueous solution as the extraction solvent. After
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vortex mixing for 2 min, resting for 30 s and
centrifuging at 5000 r/min for 5 min, the organic
phase was collected, transferred to a clean tube, and
evaporated to dryness under a stream of nitrogen at
room temperature. 500 pL. mobile phase solution
was used to dissolve the dry residues, and this was
filtered through 0.22 pm membrane nylon filter
(ANPEL, China) prior to injection. The filtrate was
transferred into a 150 pL glass insert located in a
1.5 mL liquid chromatography vial.

2.4 Statistics

The data acquired were analyzed using the
Origin software package (OriginPro, v8.5,
OriginLab Corporation, USA).

3 Results and discussion

3.1 Molecular fluorescence

UV absorption spectroscopy was employed to
preliminarily characterize salicylaldoxime. In the
ultraviolet and visible (UV absorbance) spectrum of
salicylaldoxime (scanning region 190-400 nm),
three absorption peaks were detected. A wavelength
of 305 nm was used to minimize interference.

3.2 Chromatographic conditions

Acetonitrile and methanol were preliminarily
selected as the candidates for the mobile phase.
When using acetonitrile as sole mobile phase, a
skewed chromatographic peak was obtained
(Figure 1(a)). The sole use of methanol as mobile
phase caused a strong peak tailing (Figure 1(b)). To
improve the peak quality, chromatographic runs
were carried out with the binary mobile phase of
aqueous solution of methanol or acetonitrile. As the
proportion of water increased in the binary mobile
phase consisting of methanol and water, the
symmetry factor was observed to increase
correspondingly in an appropriate range, as
indicated by Figure 1(c) (30% water, v/v) to
Figure 1(d) (45% water, v/v). The latter case gave a
high response with sharp peak (Figure 1(d)). In
contrast, the addition of water in the aqueous-
acetonitrile binary mobile phase had limited effects
on the enhancement of peak shape (Figure 1(¢e)). To
make a further comparison, the binary mobile phase
comprised of THF and water (Figure 1(f)) as
described in Ref. [27] was investigated to render a

peak type vastly similar to that by methanol-water
pair (Figure 1(d)). Considering the reproductive
toxicity of THF, the methanol-water binary system
was selected as the binary mobile phase in
succeeding experiments. No buffers were used in
the mobile phase to avoid possible side effects on
the chromatographic column [29].

Absorbance

1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0
Retention time/min

Figure 1 HPLC-UV chromatogram obtained from water
sample spiked 1 pg/mL of salicylaldoxime standard
solution by LLE with different mobile phase components:
(a) 100% acetonitrile; (b) 100% methanol; (c) 70%
methanol, 30% water; (d) 55% methanol, 45% water;
(e) 55% acetonitrile, 45% water; (f) 55% THF, 45%
water (V/v)

3.3 Extraction solvent and ionic strength

As known, in a LLE procedure, achieving a
desirable result depends on quantity of analytes that
were transferred into the organic phase [30].
According to the “like dissolves like” theory as well
as the functional group structure of salicylaldoxime,
four organic solvents, cyclohexane, toluene, ethyl
acetate, and dichloromethane, were considered as
the candidate extractants. Also, diethyl ether was
included into the list in a comparative manner with
previous results by HPLC method [27]. Another
factor that may affect the extraction recovery and
efficiency is the ionic strength in terms of
salting-out effects [30, 31]. Therefore, the LLE runs
under different NaCl
concentrations in each candidate organic phase.

As shown in Figure 2, the initial addition of
NaCl exhibited a great influence on the
dichloromethane system so as to sharply raise the
recovery rate to 84%. In contrast, it has much weak
effects on the cyclohexane system. At lower NaCl
amount (5%, w/v), dichloromethane, diethyl ether,
and ethyl acetate all resulted in moderately high
recovery rate (>80%). However, with further

were carried  out
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addition of NaCl, the recovery rate given by diethyl
ether and ethyl acetate dropped greatly, while it
kept almost steady in the case of dichloromethane.
In a practical view, the high density of
dichloromethane could lead to inconvenience in the
removal of extraction solvent. In addition, ethyl
acetate, which is slightly soluble in water, gave
high standard deviation (SD) and unstable recovery
rate. It was noticed that the toluene system
experienced almost a positive salinity effect at
higher NaCl amount (>5%), for the recovery rate
increased to 92% at 30% (w/v) NaCl amount. Thus,
toluene was selected as the extraction solvent with
30% (w/v) NaCl.

100 -

-/

80

60 —— Toluene B %

—— Diethyl ether
40 - —— Ethyl acetate
—— Cyclohexane
—— Dichloromethane

Recovery/%

0 5 10 15 20 25 30
NaCl content/%
Figure 2 Effect of extraction solvent on recovery of

salicylaldoxime in LLE (Extraction conditions: Water
sample volume, 10 mL; extraction solvent volume: 5 mL;
NaCl amount: 0%, 30% (w/v); vortex for 2 min; ambient
temperature; pH 7)

3.4 Volume of extraction solvent

The volume of extraction solvent always plays
an important role in LLE technology. In this study,
the volume effect of extraction solvent was
examined at six different levels, 0.25, 0.5, 1, 2, 5,
and 10 mL, respectively. It was found that, at initial
stage, the recovery rate increased drastically up to
92% with increase of toluene (<5 mL), after which
the recovery curve was plateaued. Hence, the
volume of toluene added to the aqueous phase was
set 5 mL in subsequent experiments.

3.5 Solution pH
Salicylaldoxime contains two important
functional groups: A hydroxyl group (—OH) and an
oxime group (—HC=N—OH). Under different pH
conditions, various molecular species  of

salicylaldoxime could be formed, like C;HgNO,",

C;H,NO,, C;HNO,, or C;HsNO,” (Figure 3).
TSHUMA et al [32] has investigated the
equilibrium constant of salicylaldoxime in
0.5 mol/L NaCl aqueous solution at 25 °C and
reported the pKa values of salicylaldoxime as 1.23,
8.55 and 11.78 [32]. To evaluate the pH influence
on extraction recovery, the pH value of blank water
samples was adjusted to 1, 3, 7, 9 and 12 prior to
the LLE procedure. As shown in Figure 4, in the pH
range 7-9, the recovery rate was nearly constant
(92%). In sharp contrast, at pH 12, it decreased
suddenly to 0%, which may be due to the formation
of hydrophilic C;HsNO,> ions by releasing protons
of salicylaldoxime under harsh alkaline condition.
At pH 1 (near to pKa 1.23), salicylaldoxime
molecules may occur either in cationic C,HgNO,"
or neutral C;H;NO, forms, so as to exhibit two
peaks in chromatography. It is therefore to set pH
value at 7 in next steps.

OH," O
C OH
CH\N/OH ]K\N/
(a) (b)
o} O
CH._ _oH CH\ 0"
() (d)

Figure 3 Chemical structures of salicylaldoxime at
different pH values: (a) C;HgNO,"; (b) C/H,NOy;
(¢) CsHgNO, ; (d) CsHsNO,™

125 4725 min
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Figure 4 Effect
salicylaldoxime in LLE (Extraction conditions, as with

of pH value on recovery of

Figure 2; toluene volume: 5 mL)
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3.6 Extraction pattern

To further explore the ways to improve the
extraction efficiency, LLE runs were performed
under vortex [33], water bath and ultrasonic
irradiation condition, respectively. As shown in
Figure 5, the extraction recovery rate obtained
under water bath and ultrasound assisted extraction
(UAE) increased slowly with the extraction time,
and reached 75% and 63%, respectively, after
60 min. In contrast, extraction aided by vortex led
to a rapid and efficient process, for the recovery rate
jumped to 92% only in 2 min. After that, it
remained relatively stable. So, vortex was chosen as
the extraction mixing method.

100
—— Vortex
. —+— Water bath
90 ,:(:’1",4— —— UAE
§
> 80
2 —
=}
M I I X
T 1 1
60 7=t

50 1 1 1 1
0 10 20 30 40 50 60
Extraction time/min

Figure S Effect of extraction pattern on recovery of
salicylaldoxime in LLE (Extraction conditions, as with
Figure 2; toluene volume: 5 mL)

3.7 Method validation

To evaluate the stability and feasibility of the
developed method, an assay validation including
linearity, limit of detection (LOD) and quantitation
(LOQ), extraction recovery and precision was
performed under optimal conditions.

The analysis of standard solution at nine
concentration levels ranging from 0.2 to 100 pg/mL
revealed the high linearity of the proposed method
(R*=0.9999). Similarly, for water samples spiked
with salicylaldoxime, the method was also linear in
0.01-10 pg/mL range (R*=0.9993).

The LOD, calculated at a signal-to-noise (S/N)
ratio of 3 based on the peak-to-peak noise, was
found between 0.003 to 0.008 pg/mL (Table 1),
which is two orders of magnitude lower than those
in previous HPLC work [27]. At the same time, the
LOQ, based on signal-to-noise (S/N) ratio of 10
was obtained ranging from 0.012 to 0.028 pg/mL. It
can be deduced then that this method is highly

Table 1 LOD and LOQ of salicylaldoxime in four types
of water sample (ug/mL)

Sample LOD LOQ
Ultra-pure water 0.003 0.012
Tap water 0.004 0.014
River water 0.008 0.027
Effluent 0.008 0.028
sensitive.

The matrix effect of the presented method was
checked using real natural water samples (Table 2),
including ultra-pure water, tap water, river water, as
well as effluent from Xiangjiang River. Analyses of
all non-spiking samples indicated the absence of
salicylaldoxime. The accuracy and precision of the
current method were evaluated at three spiked
levels of salicylaldoxime (0.05, 0.1, and
0.25 pg/mL). As a result, reasonably high recovery
rate was obtained (88.2%—105.7% for inter-batch
and 87.7%—107.7% for intra-batch). In this way, the
method has been validated and has been shown to
be accurate and inter-batch and intra-batch precise
(RSD 1.4%-4.7% and 1.4%-5.2%, respectively).

3.8 Application to real water samples

In order to demonstrate the applicability and
feasibility of the proposed LLE-HPLC-UV method,
samples collected from three effluent sites,
respectively, as P1 (Dexing Copper Mine drain,
Dexing County, Jiangxi Province, China), P2
(Wannian County Industrial Park drain, Shangrao,
Jiangxi Province, China) and P3 (Ewirgol Mining
Area drain, Urumchi, Xinjiang Province, China)
were examined. These analyses were performed in
triplicate. The identification and confirmation of
peaks were performed using three criteria: 1)
comparison of retention time to those of the
standard solution, 2) addition of known amounts of
the salicylaldoxime
observation of the increase in peak area, 3)
comparison of absorption spectra with the standards
using UV-vis spectrophotometer. For this analysis,
P1 and P2 non-spiking samples were found to be
free of salicylaldoxime contamination,
contamination were be found in P3 site at
concentration of 0.078+£0.001 pg/mL. Then the
matrix effect was evaluated using samples spiked
with salicylaldoxime standard solution (0.1 pg/mL).

standard solution and

while
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Table 2 Recovery and precision of salicylaldoxime in four types of water sample (data are based on assay of

5 replicates on 3 different days)

Inter-batch (n=5)

Intra-batch (n=5)

Added concentration

Spiked sample -1
(ng'mL ) (Recovery + SD)/% RSD/% (Recovery + SD)/% RSD/%

Ultra-pure water 0.05 88.2+£2.3 2.6 87.7£3.3 4.0
Ultra-pure water 0.1 95.5+1.4 1.5 95.0+3.3 34
Ultra-pure water 0.25 92.9+2.1 2.3 92.6£2.5 2.7
Tap water 0.05 91.24£2.0 2.2 92.2+3.2 35
Tap water 0.1 95.2+4.1 3.5 95.9+4.4 4.6
Tap water 0.25 89.7+3.7 4.1 90.4+3.8 4.2
River water 0.05 101.3+2.5 2.4 102.9+2.2 2.2
River water 0.1 105.7+4.9 4.7 107.7£5.6 52
River water 0.25 97.8+1.9 1.9 97.3£3.5 3.6
Effluent 0.05 99.2£1. 5 2.5 100.2+£2.3 23
Effluent 0.1 100.2+1.4 1.4 102.0£2.1 2.0
Effluent 0.25 95.6+1.8 1.9 94.4+1.3 1.4

The resultant data showed that the average
recoveries were between 90.4% and 92.0% with
RSDs from 2.0% to 2.2% (not shown). It can be
inferred from the observation of stable recovery and
low RSD that the proposed method is applicable in
real water samples.

4 Conclusions

In this study, a rapid, sensitive and efficient
method for the determination of salicylaldoxime in
the water medium was developed based on
LLE-HPLC-UV technology. Parameters affecting
the liquid-liquid extraction were analyzed and
optimized using univariate approaches. And the
optimal extraction condition is given as follows,
using methanol-water system as the binary mobile
phase (45% water), toluene as extraction solvent
(5 mL for each run) conditioned with 30% NaCl
(w/v), and performed under vortex at pH 7. The
optimized LLE process, followed by HPLC-UV
procedure, was applied and shown to be superior
over the existed HPLC method for the
determination of salicylaldoxime in water samples.
The developed method is expected to be applicable
to the rapid and accurate determination of title
compound in environmental water.

References

[1] SMITH A. The structures of phenolic oximes and their

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

complexes [J]. Coordination Chemistry Reviews, 2003, 241,
61-85.

LI Zhi-yuan, MA Zong-wei, KUIJP V D, TSERING J,
YUAN Zeng-wei, HUANG Lei. A review of soil heavy
metal pollution from mines in China: Pollution and health
risk assessment [J]. Science of the Total Environment, 2014,
468-469: 843-853.

GONG Xing, CHEN Zhi-hua, LUO Zhao-hui. Spatial
distribution, temporal variation, and sources of heavy metal
pollution in groundwater of a century-old nonferrous metal
mining and smelting area in China [J]. Environmental
Monitoring and Assessment, 2014, 186: 9101-9116.

Z0U Pan, WANG Lin, YANG Zhao-guang, LEE Hsiao-wan,
LI Hai-pu. Rapid and simultaneous determination of ten
off-flavor compounds in water by headspace solid phase
microextraction and gas chromatography-mass spectrometry
[J]. Journal of Central South University, 2016, 23(1): 59-67.
ZHANG Xiu-wu, YANG Lin-sheng, LI Yong-hua, LI
Hai-rong, WANG Wu-yi, YE Bi-xiong. Impacts of lead/zinc
mining and smelting on the environment and human health
in China [J]. Environmental Monitoring and Assessment,
2012, 184: 2261-2273.

TIAN Bo, HUANG Jun, WANG Bin, DENG Shu-bo, YU
Gang. Emission characterization of unintentionally produced
persistent organic pollutants from iron ore sintering process
in China [J]. Chemosphere, 2012, 89: 409—415.

LI Hai-gian, LU Yong-long, LUO Wei, GOSENS J.
Polychlorinated ~ dibenzop-dioxins and  dibenzofurans
emissions in a primary copper smelter in China [J].
Chemistry and Ecology, 2013, 29: 234-245.

SOPHIE L C, GEORGES V, DOMINIQUE G, LAURENCE
B, NICOLEAND Z, PHILIPPE M. Experimental and
theoretical study of the degradation of malonamide
extractant molecules under ionizing radiation [J]. RSC
Advances, 2012, 2: 3954-3967.

CAMPBELL J, OWENS S, SODERSTROM M,



J. Cent. South Univ. (2018) 25: 701-708

707

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

BEDNARSKI T, MARIN G Metal extractant reagents
having increased resistance to degradation: US, 8609063 B2
[P]. 2013.

WIESZCZYCKA K, TOMCZYK W. Degradation of
organothiophosphorous extractant Cyanex 301 [J]. Journal of
Hazardous Materials, 2011, 192: 530-537.

DALTON, RAYMOND F. Copper extraction with
salicylaldoxime-P-nonylphenol mixtures: US, 4142952 [P].
1979.

ZENG Li, CHENG Chu-yong. Recovery of molybdenum
and vanadium from synthetic sulphuric acid leach solutions
of spent hydrodesulphurisation catalysts using solvent
extraction [J]. Hydrometallurgy, 2010, 101: 141-147.
PANIGRAHI S, PARHI P K, SARANGI K, NATHSARMA
K C. A study on extraction of copper using LIX 84-1 and LIX
622N [J]. Separation and Purification Technology, 2009, 70:
58-62.

HOANG A S, TRAN TH, NGUYENHN, VUH S, VO TP,
PHAN C, NGUYEN T V. Synthesis of oxime from a
renewable resource for metal extraction [J]. Korean Journal
of Chemical Engineering, 2015, 32: 1598-1605.

LASHEEN T A, IBRAHIM M E, HASSIB H B, HELAL A S.
Recovery of molybdenum from uranium bearing solution by
solvent extraction with 5-Nonylsalicylaldoxime [J].
Hydrometallurgy, 2014, 146: 175-182.

WITT C D, BATCHELDER F V. Chelate compounds as
flotation reagents. I [J]. Journal of the American Chemical
Society, 1939, 61: 1247-1249.

NAIK P U, MCMANUS G J, ZAWOROTKO M J, SINGER
R D. Salicylaldoxime and salen containing imidazolium
ionic liquids for biphasic catalysis and metal extractions [J].
Dalton Transactions, 2008, 36: 4834-4836.

WOOD P A, FORGAN R S, LENNIE A R, PARSONS S,
PIDCOCK E, TASKER P A, WARREN J E. The effect of
pressure and substituents on the size of pseudo-macrocyclic
cavities in salicylaldoxime ligands [J]. CrystEng Comm,
2008, 10: 239-251.

FORGAN R S, DAVIDSON J E, FABBIANI F P,
GALBRAITH S G, HENDERSON D K, MOGGACH S A,
PARSONS S, TASKER P A, WHITE F J. Cation and anion
selectivity of zwitterionic salicylaldoxime metal salt
extractants [J]. Dalton Transactions, 2010, 39: 1763—-1770.
GAO Hong-ping, SU Ping, SHI Ya-ling, SHEN Xiu-xiu,
ZHANG Yan-min, DONG Jin-yun, ZHANG lJie. Discovery
of novel VEGFR-2 inhibitors. Part II: Biphenyl urea
incorporated with salicylaldoxime [J]. European Journal of
Medical Chemistry, 2015, 90: 232-240.

TUCCINARDI T, BERTINI S, GRANCHI C, ORTORE G,
MACCHIA M, MINUTOLO F, MARTINELLI A,
SUPURAN C T. Salicylaldoxime derivatives as new leads
for the development of carbonic anhydrase inhibitors [J].
Bioorganic and Medicinal Chemistry Letters, 2013, 21:
1511-1515.

BERTINI S, CUPERTINIS A, GRANCHI C, BARGAGLI B,
TUCCINARDI T, MARTINELLI A, MACCHIA M,

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

GUNTHER J R, CARLSON K E, KATZENELLENBOGEN
J A, MINUTOLO F. Selective and potent agonists for
estrogen receptor beta derived from molecular refinements of
salicylaldoximes [J]. European Journal of Medical Chemistry,
2011, 46: 2453-2462.
KARHU S, PERTTULA S, WECKSTROM M, KIVISTO T,
SELLIN L C. Salicylaldoxime blocks K* and Ca* currents in
rat cardiac myocytes [J]. European Journal of Pharmacology,
1995, 279: 7-13.
MENOYO B, OCIO A, ELIZALDE M P. Identification of
components of commercial alkylsalicylaldoxime based
reagents by GC-MS [J]. Chromatographia, 2006, 65: 35—44.
SARDARIAN A R, SHAHSAVARI F Z, SHAHSAVARI HR,
EBRAHIMI Z. Efficient Beckmann rearrangement and
dehydration of oximes via phosphonate intermediates [J].
Tetrahedron Letters, 2007, 48: 2639-2643.
DALE T J, SATHER A C, REBEK J J. Synthesis of novel
aryl-1,2-oxazoles  from  ortho-hydroxyaryloximes [J].
Tetrahedron Letters, 2009, 50: 6173-6175.
HIMBERG J P, KOSKINEN M, RIEKKOLA M L, ELO H.
High-performance liquid chromatographic separation and
determination of salicylaldoxime and B-resorcylaldoxime in
aqueous solutions and in human urine [J]. Journal of Liquid
Chromatography, 1994, 17: 3519-3529.
SURYANI T, RUPASINGHE, THUSITHA W T, DEDREIA
L, AUGUSTIN M A, GRAS S L. Liquid-liquid extraction
and liquid chromatography—mass spectrometry detection of
curcuminoids from bacterial culture medium [J]. Journal of
Chromatography B, 2015, 988: 116-120.
DAEIHAMED M, HAERI A, DADASHZADEH S. A simple
and sensitive HPLC method for fluorescence quantitation of
doxorubicin in micro-volume plasma: Applications to
pharmacokinetic studies in rats [J]. Iranian Journal of
Pharmaceutical Research, 2015, 14: 33-42.
LI Pei, BARTLETT M G. A review of sample preparation
methods for quantitation of small-molecule analytes in brain
tissue by liquid chromatography tandem mass spectrometry
(LC-MS/MS) [J]. Analytical Methods, 2014, 6: 6183—-6207.
HEYDARI R, ZARABI S. Development of combined salt-
and air-assisted liquid-liquid microextraction as a novel
sample preparation technique [J]. Analytical Methods, 2014,
6: 8469-8475.
TSHUMA J, ALARCON A G, PALACIOS B E, VARGAS G
R, RAMIREZ M T, ROJAS H A. Spectrophotometric
determination of acidity constants of salicylaldoxime in
aqueous solution at 25 degrees C and ionic strength of 0.5 M
controlled with NaCl [J]. Spectrochimica Acta, Part A, 2007,
66: 879—883.
SERESHTI H, GHIASI A, NADERLOO M, TAGHIZADEH
M, SHAKIBA D A A. Vortex-assisted extraction in tandem
with dispersive liquid-liquid microextraction followed by
GC-MS for determination of Achillea wilhelmsii essential oil
[J]. Analytical Methods, 2014, 6: 6695-6701.

(Edited by HE Yun-bin)



708 J. Cent. South Univ. (2018) 25: 701-708

Sibra e
TR R K I 5 0 - TR — et G €% 2

WE: KB —Pma. snEBEmMARGH, |2 N A G HIL R B2 Tk 51
LM T TH o A VPAG LR IREE M, T BB A A b KA B 33047 o A o AN SCIE TR - AR T -
ECEAH 1 (LLE-HPLC-UV) AT KA KB BE IS 58 5208, 0 R A BOGRI AP 2R AR R, &1
SRIE . pH EAFBURA X G, KGSEBAEHBIARD AT T, H&HE S mL FEORAE AR
A, NaCl & 30% (w/v), pH RUETE 7 B FimiEAEH 2 min, R SFERE . KigEEE ks
JKFELE 0.01~10 pg/mL W EFEHE N, SR (R7=0.9993). 1% 7340 HIFR 4 0.003~0.008 pg /mL,
bl A7 SCRRAR 3 (1 BRI AN B 2o 5 4 B[R] 8 T R K AR EAT I IS s 56, Rl 87%~107%
FHXS AR ZE KT 6% B B 7 VAT SRR rPost Tk S itk . Ao HL s R sl

KA ARG BRGNS



