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The applicability of micellar electrokinetic capillary chromatography (MEKC) with mass spectrometric
detection for the determination of artemisinin and its analogs (e.g. ascaridole, artemisia ketone, casticin,
deoxyartemisinin, arteannuic acid, artemetin, dihydroartemisinic acid) was studied. 40 mM ammonium
perfluorooctanoate (pH 9.5) with 2% isopropanol (IPA) was used as background electrolyte (BGE) and
the sheath liquid was 50 % (v/v) IPA:water containing 0.1 % formic acid. Separation was performed in a
bare fused silica capillary. Artemisinin was detected at 283.1545 m/z as [M+H]" ion. For artemisinin the

ﬁi{:ﬁ{gim linear range was found to be 0.6 wg/mL - 60 pg/mL and the limit of detection was 0.18 pg/mL. The RSD%
Extract values were 2.6 % for migration times and 4.8 % for peak areas (N = 6). In the ethanolic extracts of Artemisia

annua leaves, in addition to artemisinin, a large number of other organic components could be separated
and determined. MEKC-MS revealed the existence of diastereomers of several compounds (artemisinin,
deoxyartemisinin, dihydroartemisinic acid) in the plant extracts.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
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1. Introduction

Malaria is a life-threatening disease affecting millions of peo-
ple worldwide, with the African region having a disproportionately
high share of cases. The emergence of drug-resistant parasite
strains to existing antimalarials undermined the efforts of com-
plete eradication [1]. Triggered by the urgent need for effective
treatment, Tu Youyou and coworkers discovered antimalarial activ-
ity in the extracts of Artemisia vulgaris L. (Mugwort) in the 1970s.
The component responsible for the therapeutic effect was identi-
fied to be artemisinin [2]. Artemisinin is a sesquiterpene lactone
having an endoperoxide group, to which the antimalarial activ-
ity can be attributed, through the formation of free radicals [3].
Artemisinin derivatives, such as artesunate, dihydroartemisinin,
artemether and arteether also play an important role in fighting
off the infection. This revelation paved the way for the introduc-
tion of artemisinin-based combination therapies, saving the lives
of many. In addition to being a potent antimalarial drug, there have
been indications of artemisinins possessing anti-inflammatory and
anticancer properties [4].
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Owing to the great contribution of artemisinins to increased
survival rates, there has been a considerable need for develop-
ing and applying reliable analytical methodologies to carry out
pharmacokinetic studies and to monitor drug purity. The sensi-
tive determination of artemisinin and its analogs however, pose
quite a challenge due to their low concentration, thermolability
and the absence of ultraviolet (UV), fluorescent chromophores or
functional groups suitable for quantitative derivatization. Despite
the difficulties, numerous methods have been proposed [5], includ-
ing thin layer chromatography (TLC) [6], gas chromatography
(GCQ) [7,8], nuclear magnetic resonance (NMR) [9], enzyme-linked
immunosorbent assay (ELISA) [10], high-performance liquid chro-
matography (HPLC) with reductive electrochemical [11], UV [12]
and mass spectrometric (MS) [13-16] detection. There have also
been reports on capillary electrophoretic (CE) techniques, mainly
for the quantification of the easily ionizable artesunate analog
[17-19]. From the conventional CE point of view, artemisinin suf-
fers from two important character flaws: the compound isi) neutral
and ii) has low UV absorption. Automated derivatization was made
possible by coupling CE with flow injection (FI) systems through a
split-flow interface, enabling the conversion of artemisinin and the
sensitive determination of the obtained chromophoric compound
in a true, on-line fashion [20,21]. Due to the low UV absorption
of artemisinin, CE with indirect UV detection would be an obvious
choice; however, this has not been extensively researched probably
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because of concerns over sensitivity. To the best of our knowledge,
no study has been proposed on the utilization of CE—MS for the
analysis of artemisinin.

The separation of neutral components can be carried out using
micellar electrokinetic chromatography (MEKC). In MEKC mode,
the BGE contains a pseudostationary phase consisting of micelles,
with which the neutral compounds interact, depending on their
hydrophobicity. However, surfactants (e.g., SDS) and BGEs (e.g.
borate) commonly used in MEKC are not compatible with MS
detection, significant signal suppression occurs along with the con-
tamination of the ion source. This phenomenon necessitates the
application of” MS-friendly” surfactants, of which the most promis-
ing seems to be perfluorooctanoic acid (PFOA) [22-24].

We propose for the first time, a CE-MS method utilizing MEKC
mechanism for the separation of artemisinin and related com-
pounds. The BGE composition was optimized to achieve the best
possible resolution for even complex biological samples, such as
various plant extracts and a commercially available artemisinin-
containing dietary supplement.

2. Material and methods
2.1. Reagents, samples

All chemicals were of analytical grade. Stock solutions of
artemisinin, casticin and deoxy artemisinin obtained from Sigma-
Aldrich (St. Louis, MO, USA) were freshly prepared and diluted
with ethanol prior to use. Ammonium formate, ammonium acetate,
methanol, ethanol and isopropanol were purchased from VWR
(Radnor, PA, USA). Ammonium salt of PFOA was purchased from
Sigma-Aldrich and it was first dissolved in a small amount of iso-
propanol and then was diluted with water (Millipore Synergy UV,
18.2 M£2). All the solutions were filtered using a membrane filter
of 0.45 wm pore size and stored at +4 °C. Running buffers and stan-
dard solutions were degassed in an ultrasonic bath for at least 5 min.
Prior to first use the fused silica capillary was rinsed with 1 M NaOH
for 5min, 0.1 M NaOH for 10 min and finally with de-ionized water
for 10 min.

In this study, Artemisia annua leaf samples were collected from
three different habitat of Debrecen-Nagyerdé (Hungary) and iden-
tified by taxonomic criteria noted by Polyakov and Shishkin [25].
The three collected Artemisia samples are abbreviated as AS1-AS3
in this study. Artemisia samples were subjected to drying in warm
flowing air for 3h (temperature not exceeding 40°C) within an
hour after collection. Residual humidity was removed by overnight
lyophilization in a Christ Alpha 1-2 LD apparatus. Samples were
stored in sealed vials, in darkness, at room temperature until fur-
ther processing. The dried samples were homogenized using a
mortar and pestle using liquid nitrogen. 25 mg was thoroughly
mixed with 1 mL ethanol, maintained at room temperature for
10 min and extracted for 1 h at 75 °C. The mixture was centrifuged
at 13,000 rpm for 3 min and the obtained supernatant was stored
at —24°C. The commercial dietary supplement Artemizia® was
obtained from Hymato Products Ltd, Hungary.

2.2. Instrumentation

The CE-MS measurements were carried out using a capillary
electrophoresis instrument (7100 CE System, Agilent, Waldbronn,
Germany) coupled to an electrospray mass spectrometer (maXis
II UHR ESI-QTOF MS, Bruker, Karlsruhe, Germany). Hyphenation
was performed with a CE-ESI sprayer interface (G1607B, Agilent).
Sheath liquid (SL) was transferred with a 1260 Infinity II isocratic
pump (Agilent). CE instrument was operated by OpenLAB CDS
Chemstation software.
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Fig. 1. The structure of artemisinin.

Parameters for the capillary zone electrophoretic separation:
capillary: 90cm x50 pm fused silica; BGE: 40 mM ammonium for-
mate (pH 9.5); applied voltage: 25KkV; hydrodynamic injection:
50mbar x 65s; SL: 50 % (v/v) isopropanol:water containing 0.1
% formic acid; SL flow rate: 7.5 wL/min. The optimized BGE for
the MEKC separation of artemisinin contained 40 mM PFOA/NH3
of pH=9.5 with 2% IPA. The electric current during the CE
separation was recorded by ChemStation v. B.04.02 software
(Agilent).

The following parameters were applied to the electrospray
ion source (positive ionization mode): capillary voltage: 3.5kV;
end plate offset: 500V; nebulizer pressure: 0.6bar (during the
injection it was switched off); dry gas temperature: 250°C and
dry gas flow rate: 4.0L/min. The MS method was tuned accord-
ing to the 50-600m/z mass range. Applied spectra rate was
3Hz. Na-formate calibrant was injected after each separation,
which enabled internal calibration. Electropherograms were back-
ground corrected and at times extracted at the masses of the
examined analytes. Peaks on the extracted ion electrophero-
grams were integrated manually. Electropherograms and mass
spectra were recorded by otofControl version 4.1 (build: 3.5,
Bruker) and processed by Compass DataAnalysis version 4.4 (build:
200.55.2969).

3. Results and discussion
3.1. Mass spectrometric detection of artemisinin

Since artemisinin is thermolabile and lacks any chromophoric
or fluorophoric groups, its sensitivity for spectrophotometric detec-
tion is very poor [21]. This is why conversion or derivatization of
artemisinin is preferred before the analysis [20]. Mass spectrom-
etry provides the facility of direct detection of artemisin and its
analogs. MS can additionally offer the possibility of identification
of these components through exact mass and/or fragmentation pat-
tern analysis (Fig. 1).

Since the artemisinin content of plants can be low and other con-
stituents can interfere with the measurement of artemisinin, first
ESI-MS detection was studied. In the case of ESI-MS, the artemisinin
molecule most frequently “flies” with proton, sodium or potassium
depending on the matrix of the sample. When an ethanolic plant
extract was measured with ESI-MS, artemisinin could be detected
in positive ion mode, the most abundant form being [M+Na]+
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Fig. 2. Mass spectra of plant extract (AS1) using positive (a,) and negative ion mode (b,). The calculated mass and the detected form of the components were marked in red.
Product ion mass spectrum (positive ion mode) of the [M+H]+ ion of artemisinin (c,). The m/z values of the product ions are marked with the suggested chemical formulas.

(Fig. 2.). The [M+K]+ form could also be observed, albeit with
considerably lower intensity; however, the [M+H]+ form was prac-
tically not detected at all. By contrast, in pure solutions (standard
solutions) the protonated molecular ion was present, as well. Sev-
eral other analogs (e.g. dihydroartemisinic acid, artemisia ketone)
could be detected as [M+NaJ+ adducts with high intensities.
Although the deprotonated molecular ion ([M—H]-) of artemisinin
did not appear, some other analogs (e.g. ascaridole, arteannuic acid,
dihydroartemisinic acid) gave relatively intense signals in negative
ionization mode. During the MEKC-MS analysis the separated com-
ponents reach the MS ion source without the matrix of the sample
but conjointly with the running electrolyte and the sheath liquid.
The interferences from BGE and SL constituents (perfluorooctanoic
acid, ammonium acetate, isopropanol) were negligible and due to
the minimal sodium content, the [M+H ]+ species of the components
were in abundance.

In addition to the measured exact mass (error<1 ppm) the com-
pounds could be identified by their fragmentation patterns, as well.
In Fig. 2.c the MSMS spectrum of the [M+H]+ ion of artemisinin
(precursor ion) subjected to CID is shown. The obtained frag-
mentation pattern corresponds well with the hypothetical and
measured patterns (formation of ions at m/z 265.142, 247.132,
229.123, 209.152, 201.127, 125.096 as the highest intensity frag-
ments)described by others[13,26]. The larger mass fragments were
mainly formed by dehydrations of the precursor ion. Similarly to
the findings of Nieuwerburgh et al. [25], the [M+H]+ ions were
much more easily fragmented (7.5—10eV collision energies) and
yielded larger m/z value fragments (which are more specific to the
precursor) compared to the fragmentation of the [M + Na]+ adduct
(Fig. ESM-1).

3.2. Analysis of artemisinin by capillary electrophoresis — mass
spectrometry

Artemisinin is poorly soluble in hydrophobic solvents or water
and only slightly soluble in strong polar solvents (e.g. methanol
or acetonitrile). Medium polarity solvents such as chloroform or
ethanol have good dissolving ability for artemisinin [8]. (At 278 K
the mole fraction solubilities of artemisinin are 4.5-10% and 1.1-103
in 14 % and 100 % ethanol, respectively. [27])

The dissolved artemisinin cannot be ionized in solution, there-
fore, its effective mobility is zero. However, other analogs of
artemisinin and most of the flavonoids which can be present in
the plant extracts can be ionized in basic conditions. Hence, the
most favourable condition for the separation of these plant extract
components is the use of a high pH, MS compatible BGE, such as
40 mM NH4+/NH3 (pH =9.5). In this zone electrophoretic measure-
ment, a moderate separation of the components could be observed,
but artemisinin (being electrically neutral) comigrated with other
neutral compounds (Fig. 3.a). The addition of 20 % ethanol to the
BGE reduced the EOF and so shifted the migration times of the com-
ponents, but since the peaks were slightly broadened, overall there
was no considerable improvement in the resolution of the ionized
components (Fig. 3.b and Fig. ESM-2).

The separation of artemisinin from other neutral components
could be achieved by MEKC, which utilizes additional chromato-
graphic mechanism besides the electrodriven separation (Fig. 3.c
and Fig. ESM-4). While 16 well detectable peaks could be observed
with CZE-MS, 19 peaks were separated with MEKC-MS. The extra
peaks for MEKC are the components which comigrated with
artemisinin in CZE. Because even the charged components have
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Fig. 3. Base peak electropherograms of plant extract (AS1) obtained by capillary zone electrophoresis using 40 mM NH4+/NH3; BGE of pH=9.5 (a,) and 40 mM NH4+/NH3 BGE
of pH=9.5 with 20 % ethanol (b,) and by micellar electrokinetic capillary chromatography using 40 mM PFOA/NH3; of pH =9.5 with 2% IPA (c,). Conditions: sheath liquid was
0.1 % formic acid in water:IPA=1:1; applied separation voltage: +25kV; hydrodynamic injection: 50 mbar x 6s; sheath liquid flow rate: 7.5 pL/min, positive MS ionization

mode, ESI capillary voltage: 3.5kV; end plate offset: 500V; nebulizer pressure: 0.6 bar (
flow rate: 4.0 L/min; mass range: 50-600 m/z; spectra rate: 3 Hz.

some hydrophobic moiety, the migration order of the components
and the peak patterns of the electropherograms obtained for the
same plant extract look quite different for CZE and MEKC.

Ammonium salt of perfluorooctanoic acid was the volatile sur-
factant of our choice for the MEKC analysis, the use of which was
compatible with the ESI-MS system, having hardly any effect on
the detection signal in the concentration applied (40 mM), as was
stated by others [22]. The obtained peaks are relatively symmetri-
cal and no considerable tailing was observed, since the negatively
charged components in the basic electrolyte and the neutral
components incorporated in the negatively charged micelles are
repelled by the negatively charged capillary surface (a typical
phenomenon in MEKC). The application of statically (linearly poly-
merized acrylamide, (LPA)) or dynamically (polybrene) coated
capillaries did not improve the separation efficiency.

Because the pH of the BGE was 9.5, positive ion mode detection
demanded the use of acidic SL (0.1 % formic acid content). In order
to ensure the complete evaporation of the relatively volatile sur-
factant (boiling point of PFOA is 190°C), the drying temperature
during ESI was set to 250°C. It is important to note that despite its
thermolability [21], artemisinin did not suffer degradation under
such high temperatures in the ESI chamber during the ionization
process (Fig. ESM-9).

Following a 10-fold dilution of the plant extract, the peak of
artemisinin was split to three overlapping peaks (Fig. 5). The
extracted ion electropherogram acquired at the exact mass of
artemisinin proved that these peaks should be those of diastere-
omers. These peaks cannot be originated from optical enantiomers
since no chiral selector was incorporated in the electrolyte sys-
tem; however, the ability of MEKC to separate diastereomers
is well-known [28,29]. The MEKC electropherogram of the pure
artemisinin standard showed the same 3-peak pattern, and when
the diluted plant extract was spiked with the artemisinin standard,
all three peaks were increased to a similar degree. It is interesting

during the injection it was switched off); dry gas temperature: 250°C and dry gas

that the peak patterns of artemisinin were largely different com-
paring the undiluted and 10-fold diluted plant extracts. The high
concentration of artemisinin or the high content of matrix mate-
rials of the sample resulted in the appearance of artemisinin as
one, two or three peaks, probably, because a large amount of sur-
factant is consumed for surrounding the hydrophobic components
and free micelles are lacking (PFOA has a greater critical micelle
concentration but lower solubility than SDS). Artemisinin has sev-
eral chiral centers, therefore, the existence of diastereomers is very
likely (especially in natural products). The pattern of the three
overlapped peaks with increasing intensities is probably caused
by 4 (2 pairs) diastereomers, of which two were not resolved.
Besides artemisinin, (partial) separations of the diastereomers of
other components (e.g. artemisinin B, deoxyartemisinin or dihy-
droartemisinic acid) could be observed, as well.

3.3. Analytical performance and analysis of plant extract

The analytical performance of the developed MEKC-MS system
was evaluated for the proposed separation and detection condi-
tions of artemisinin. The calibration diagram showed good linearity
(R? values were 0.99) in the concentration range of 0.6 pg/mL -
60 pg/mL (Fig. ESM-5). The precision of the analysis was studied by
consecutive measurements of the artemisinin standard solution,
the RSD?% values were 2.6 % for migration times and 4.8 % for peak
areas (N=6) at a concentration of 0.025 mg/mL. The same preci-
sion study was performed for plant extract AS1, which contained a
large amount of organic compound matrix: the RSD% values were
3.1 % for migration times and 5.6 % for peak areas. In the case of the
10-fold, and 50-fold diluted plant extract samples the RSD% values
were quite similar (2.7 % and 3.0 % for migration times and 5.6 % and
5.1 % for peak areas, respectively). The difficulty to precisely inte-
grate the overlapped and tailed peaks of artemisinin or the gradual
change of the BGE (PFOA/NH4+ system has low buffer capacity at pH
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Fig. 4. Base peak (a,) and extracted ion (b-j,) electropherograms of plant extract (AS1) obtained by MEKC-MS. The MEKC-MS parameters were the same as in Fig. 3.

Table 1
Peak assignments of plant extract (AS1).
t (min) m/z (%) M calc. M exp. Compound
peak # [M + H+]+ or [M +Na+[+ name formula
1 3.763 4749192 100 unk.
2 5.308 118.0870 100 unk.
3 5.989 193.0504 100 unk.
4 6.367 2441455 100 unk.
5 6.702 104.1074 100 unk.
6 7.442 137.1494 100 unk.
7.945 233.1545 100 232.14578 [M+H]+: 233.1536 epi-deoxyarteannuin B C15H2002
7 7.735 169.1229 10 168.1145 [M+H]+: 169.1223 ascaridole C10H1602
8 8.323 193.0503 100 unk.
153.1277 5 [M+H]+: 153.1274 artemisia ketone C10H160
9 8.869 361.0926 100 360.08397 [M+H]+: 361.0918 chrysosplenol D C18H1608
10 9.466 163.0396 100 unk.
555.0904 100 unk.
n 10.037 499.1237 90 unk.
12 10.549 375.1082 100 374.0996 [M+H]+: 375.1074 casticin C19H1808
11.666 283.1545 100 282.1462 [M+H]+: 283.1540 artemizinin C15H2205
13 209.1540 85 unk.
12.909 267.1595 4 266.1518 [M+H]+: 267.1591 deoxyartemisinin C15H2204
14 12.960 237.1845 100 236.1776 [M+H]+: 237.1849 dihydroartemisinic acid C15H2402
15 13.439 235.1697 100 234.1619 [M+H]+: 235.1692 arteannuic acid C15H2202
16 14.203 375.1083 100 374.1001 [M+H]+: 375.1083 chrysoplenetin C19H1808
359.1128 100 unk.
17 15454 389.1241 50 388.1152 [M+H]+: 389.1230 artemetin C20H2008
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Fig. 5. Base peak (a,) and extracted ion (at 283.1545 m/z) (b,) electropherograms of plant extract (10x diluted AS1) obtained by MEKC-MS. Extracted ion electropherogram
(at 283.1545 m/z) of plant extract spiked with 0.01 mg/mL artemisinin (c,). The MEKC-MS parameters were the same as in Fig. 3.

Table 2
Results of the quantitative analysis of plant extracts (AS1-AS3) and a commercial
dietary supplement.

AS1* AS2* AS3* Artemizia ®
mg/mL
artemisinin 0.304 0.214 0.29 13.7
casticin 0.082 0.069 0.089 -
deoxyartemisinin 0.027 0.034 0.025 -

" Contents are shown as the concentrations after sample preparation (multiply
by 25 to obtain quantities in mg analyte/g dry plant material).

9.5) could contribute to the relatively poor precision data. The LOD
(3S/N) and LOQ (10S/N) values of artemisinin were 0.18 p.g/mL and
0.60 pg/mL, respectively. The detection sensitivity could be largely
enhanced by increasing the injected sample volume (e.g. extend-
ing the injection time from 6 s to 60 s applying 50 mbar pressure),
LOD was improved by a factor of 8. (However, such large injection
volumes are only allowed in cases where samples contain minimal
artemisinin and matrix material.)

In order to test the optimized MEKC-MS method, a plant extract
sample (AS1) was analyzed (Fig. 4, Fig. ESM-6). Table 1. pro-
vides the qualitative analysis data of artemisinin, its 10 analogs or
flavonoids and 12 unknown components. In rare cases, peaks con-
tained more than a single component. The theoretical (calculated)
and the experimentally obtained masses typically agreed within
1 ppm accuracy. Similar components with slightly different peak
intensities were obtained in additional two plant extract samples
(AS2 and AS3) (Fig. ESM-7).

Quantitative analysis was performed for artemisinin and two
other constituents (casticin and deoxyartemisinin) in plant extract
samples and a commercial therapeutic product (Table 2.). The latter
contained only artemisinin from the studied components. In the
analyses of the natural extracts, artemisinin was the main (macro)
component.

4. Conclusions

Artemisinin and some of its analogs (e.g. ascaridole, artemisia
ketone, casticin, deoxyartemisinin, arteannuic acid, artemetin,
dihydroartemisinic acid) were determined by MEKC-MS, proving
that this still relatively rarely used method is well applicable for
the separation and sensitive determination of neutral components
lacking chromophore/fluorescent characteristics. The separation of
artemisinin from other neutral components was achieved (extra
peaks for MEKC are the components which comigrated with
artemisinin in CZE), which can be attributed to the nature of the
MEKC mode - the joint contribution of chromatographic and elec-
trodriven separation mechanisms (Fig. ESM-8). The application of
the micellar technique improved the separation of several charged
components, as well. In this work, the main aspects of proper
BGE selection for the MEKC-MS determination of artemisinin were
demonstrated. The plant extracts could be directly injected into the
separation capillary and in addition to artemisinin, a large number
of other organic components could be separated and determined.
The MEKC-MS revealed the existence of diastereomers of several
compounds in the plant extracts.

Author statement

Cynthia Nagy: Methodology, Investigation, Writing

Anna Pesti: Investigation

Melinda Andrasi: Investigation, Methodology

Gabor Vasas: Conceptualization

Attila Gaspar: Conceptualization, Methodology, Writing

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.



C. Nagy, A. Pesti, M. Andrdsiet al.
Acknowledgments

The authors acknowledge the financial support provided to this
project by the National Research, Development and Innovation
Office, Hungary (K127931) and the New National Excellence Pro-
gram of the Ministry for Innovation and Technology (UNKP-20-3-I).

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.jpba.2021.
114131.

References

[1] B. Greenwood, T. Mutabingwa, Malaria in 2002, Nature 415 (2002) 670-672.

[2] X.Z. Su, L.H. Miller, The discovery of artemisinin and the Nobel Prize in
Physiology or Medicine, Sci. China Life Sci. 58 (2015) 1175-1179.

[3] S.R. Meshnick, Artemisinin: mechanisms of action, resistance and toxicity, Int.
J. Parasitol. 32 (2002) 1655-1660.

[4] 1. Nakase, H. Lai, N.P. Singh, T. Sasaki, Anticancer properties of artemisinin
derivatives and their targeted delivery by transferrin conjugation, Int. J.
Pharm. 354 (2008) 28-33.

[5] P. Christen, J.L. Veuthey, New trends in extraction, identification and
quantification of artemisinin and its derivatives, Curr. Med. Chem. 8 (2001)
1827-1839.

[6] M. Quennoz, C. Bastian, X. Simonnet, A.F. Grogg, Quantification of the total
amount of artemisinin in leaf samples by thin layer chromatography, Chimia
64 (2010) 755-757.

[7] A.T. Sipahimalani, D.P. Fulzele, M.R. Heble, Rapid method for the detection
and determination of artemisinin by gas chromatography, J. Chromatogr. A
538 (1991) 452-455.

[8] S.Liu, N. Tian, ]. Li, J. Huang, Z. Liu, Simple and rapid micro-scale quantification
of artemisinin in living Artemisia annua L. By improved gas chromatography
with electroncapture detection, Biomed. Chromatogr. 23 (2009) 1101-1107.

[9] V.G. Kontogianni, A. Primikyri, M. Sakka, I.P. Gerothanassis, Simultaneous
determination of artemisinin and its analogs and flavonoids in Artemisia
annua crude extracts with the use of NMR spectroscopy, Magn. Reson. Chem.
58 (2020) 232-244.

[10] S.P.He, G.Y. Tan, G. Li, W.M. Tan, T.G. Nan, B.M. Wang, Z.H. Li, Q.X. Li,
Development of a sensitive monoclonal antibody-based enzyme-linked
immunosorbent assay for the antimalaria active ingredient artemisinin in the
Chinese herb Artemisia annua L, Anal. Bioanal. Chem. 393 (2009) 1297-1303.

[11] V. Melendez, ].O. Peggins, T.G. Brewer, A.D. Theoharides, Determination of the
antimalarial arteether and its deethylated metabolite dihydroartemisinin in
plasma by high-performance liquid chromatography with reductive
electrochemical detection, J. Pharm. Sci. 80 (1991) 132-138.

[12] F.H.A. Nogueira, N.F.A. Reis, P.R. Chellini, .C. César, G.A. Pianetti, Development
and validation of an HPLC method for the simultaneous determination of
artesunate and mefloquine hydrochloride in fixed-dose combination tablets,
Braz. J. Pharm. Sci. 49 (2013) 837-843.

[13] J. Xing, H. Yan, S. Zhang, G. Ren, Y. Gao, A high-performance liquid
chromatography/tandem mass spectrometry method for the determination of

Journal of Pharmaceutical and Biomedical Analysis 202 (2021) 114131

artemisinin in rat plasma, Rapid Commun, Mass Spectrom. Tokyo (Tokyo) 20
(2006) 1463-1468.

[14] P. Sahai, R.A. Vishwakarma, HPLC-Electrospray ionization mass spectrometric
analysis of antimalarial drug artemisinin, Anal. Chem. 70 (1998) 3084-3087.

[15] N.Lindegardh, J. Tarning, P.V. Toi, T.T. Hien, J. Farrar, P. Singhasivanon, N.J.
White, M. Ashton, N.P.J. Day, Quantification of artemisinin in human plasma
using liquid chromatography coupled to tandem mass spectrometry, J. Pharm.
Biomed. Anal. 49 (2009) 768-773.

[16] B.Ivanescu, L. Vlase, A. Corciova, M.I. Lazar, Artemisinin evaluation in
Romanian Artemisia annua wild plants using a new HPLC/MS method, Nat.
Prod. Res. 25 (2011) 716-722.

[17] A.D’Hulst, P. Augustijns, S. Arens, L.V. Parijs, S. Colson, N. Verbeke, R. Kinget,
Determination of artesunate by capillary electrophoresis with low UV
detection and possible applications to analogues, J. Chromatogr. Sci. 34 (1996)
276-281.

[18] M. Gabriéls, M. Jimidar, J. Plaizier-Vercammen, Detection and separation of
artesunate and artelinic acid with capillary zone electrophoresis, J. Pharm.
Biomed. Anal. 21 (1999) 193-198.

[19] J.C.Q. de Souza, P.R. Chellini, A.L. Vicosa, M.V.N. de Souza, M.A.L. de Oliveira,
Simultaneous separation of artesunate and mefloquine in fixed-dose
combination tablets by CZE-UV, Anal. Methods 12 (2020) 5709-5717.

[20] H.L. Chen, K.T. Wang, Q.S. Pu, X.G. Chen, Z.D. Hu, On-line conversion and
determination of artemisinin using a flow-injection capillary electrophoresis
system, Electrophoresis 23 (2002) 2865-2871.

[21] Y.Q. Cheng, H.L. Chen, LY. Fan, X.G. Chen, Z.D. Hu, On-line conversion and
determination of artemisinin and its kinetic parameters using orthogonal
design by coupling of flow injection with capillary electrophoresis, Anal.
Chim. Acta 525 (2004) 239-245.

[22] P. Petersson, M. Jorntén-Karisson, M. Stalebro, Direct coupling of micellar
electrokinetic chromatography to mass spectrometry using a volatile buffer
system based on perfluorooctanoic acid and ammonia, Electrophoresis 24
(2003) 999-1007.

[23] G.Van Biesen, C.S. Bottaro, Ammonium perfluorooctanoate as a volatile
surfactant for the analysis of N-methylcarbamates by MEKC-ESI-MS,
Electrophoresis 27 (2006) 4456-4468.

[24] K. Brensinger, C. Rollman, C. Copper, A. Genzman, ]. Rine, . Lurie, M. Moini,
Novel CE-MS technique for detection of high explosives using
perfluorooctanoic acid as a MEKC and mass spectrometric complexation
reagent, Forensic Sci. Int. 258 (2016) 74-79.

[25] P. Polyakov, B.K. Shishkinm, Artemisia in Flora of the USSR, Bishen Singh
Scientific Books, Germany, 1995, pp. 488-489.

[26] F.C.W. Van Nieuwerburgh, S.R.F.V. Casteele, L. Maes, A. Goossens, D. Inzé, J.
Van Bocxlaer, D.L.D. Deforce, Quantitation of artemisinin and its biosynthetic
precursors in Artemisia annua L. By high performance liquid
chromatography-electrospray quadrupole time-of-flight tandem mass
spectrometry, ]. Chromatogr. A 1118 (2006) 180-187.

[27] LH. Wang, Y.T. Song, Y. Chen, Y.Y. Cheng, Solubility of Artemisinin in Ethanol
+ Water from (278.2 to 343.2) K, J. Chem. Eng. Data 52 (2007) 757-758.

[28] R.C. Moldovan, E. Bodoki, T. Kacsé, A.C. Servais, J. Crommen, R. Oprean, M.
Fillet, A micellar electrokinetic chromatography — mass spectrometry
approach using in-capillary diastereomeric derivatization for fully
automatized chiral analysis of amino acids, J. Chromatogr. A 1467 (2016)
400-408.

[29] R. Pérez-Miguez, M.L. Marina, M. Castro-Puyana, A micellar electrokinetic
chromatography approach using diastereomeric derivatization and a volatile
surfactant for the enantioselective separation of selenomethionine,
Electrophoresis 40 (2019) 1951-1958.


https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
https://doi.org/10.1016/j.jpba.2021.114131
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0005
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0010
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0015
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0020
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0025
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0030
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0035
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0040
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0045
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0050
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0055
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0060
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0065
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0070
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0075
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0080
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0085
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0090
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0095
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0100
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0105
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0110
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0115
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0120
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0125
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0130
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0135
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0140
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145
http://refhub.elsevier.com/S0731-7085(21)00242-9/sbref0145

	Determination of artemisinin and its analogs in Artemisia annua extracts by capillary electrophoresis  Mass spectrometry
	1 Introduction
	2 Material and methods
	2.1 Reagents, samples
	2.2 Instrumentation

	3 Results and discussion
	3.1 Mass spectrometric detection of artemisinin
	3.2 Analysis of artemisinin by capillary electrophoresis  mass spectrometry
	3.3 Analytical performance and analysis of plant extract

	4 Conclusions
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


