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The hepatoprotective activities of two traditionally used plants, Cleome droserifolia (Forssk.) Delile, Cleo-
maceae, and Artemisia annua L., Asteraceae, were recently reported. However, the biologically active
metabolites responsible for this activity were not identified. The aqueous extract of C. droserifolia aerial
parts, and the polar fraction of A. annua leaves were screened for their antioxidant activities using the 2,2'-
azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) assay. The in vitro viability of HepG-2 cells treated

gey ‘]’Dvords : with CCl4 and the extracts were assessed by MTT assay. The effects of the extracts on the liver enzymes and
Tlixrditional the total soluble protein in CCls-intoxicated HepG-2 cells were investigated. An HPLC/PDA/ESI/MS-MS

based analysis was carried out for extract of C. droserifolia and polar fraction of A. annua. Both exhib-
ited pronounced free radical scavenging activities (86 and 83%, respectively). Both showed a significant
increase in cell viability: 86.43% for the extract of C. droserifolia and 79.32% for polar fraction of A.
annua. Only the extract of C. droserifolia (39.6 +5.41 and 20.44+6.911U/dl, respectively) and polar frac-
tion of A. annua (40.84+2.14 and 24.5+3.111U/dl, respectively) restored the levels of liver enzymes
(aspartate transaminase and alanine transaminase, respectively) compared to the CCl4 intoxicated group
(87.5+4.34 and 34.1+8.121U/d], respectively) and other herbal extracts. More than fifty phenolic sec-
ondary metabolites were identified in the extracts under investigation. The significant hepatoprotective
activities of both extracts seemed to be strongly connected to their content of hydroxycinnamoyl quinic
acids and flavonoids.
© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Recently, in vitro systems were shown to be valuable tools for
drug discovery. They have been extensively utilized in evaluating
the protective effect of plant extracts on liver lesions induced by

Introduction

Hepatitis Cis common worldwide. The most affected regions are

Eastern Mediterranean and European Regions, with the prevalence
of 2.3 and 1.5%, respectively. The incidence of hepatocellular car-
cinoma in Egypt has doubled in the last 10 years, rising from 4 to
7.2% among chronic liver patients (Abou El Azm et al., 2014). Thus,
people worldwide are demanding traditional herbal remedies to
protect the liver, in addition to the conventional drugs used for the
treatment of HCV.

* Corresponding author.
E-mail: aabdulmtaal@kku.edu.sa (A. Abdel Motaal).
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toxic compounds (Torres-Gonzalez et al., 2011).

The herb Cleome droserifolia (Forssk.) Delile, Cleomaceae, has
been traditionally used in Egypt as a decoction for the treatment
of diabetes. Several studies have validated its antidiabetic effect
(Abdel-Kawy etal.,2000; Abdel Motaal et al., 2014). A study carried
out by members of our group determined the active mechanism
of its isolated terpenoids and flavonol glycosides (Motaal et al.,
2011). These isolated compounds also showed significant cytotoxic
effects against the MCF7 and HCT116 cell lines (Ezzat and Abdel
Motaal, 2012). It was previously reported that the herb contains
antioxidant and hepatoprotective active constituents (Nassar and
Gamal-Eldeen, 2003; Abdel-Kader et al., 2009).
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Artemisia annua L., Asteraceae, commonly known as sweet sage-
wort, has been traditionally used in Chinese medicine and has
become a valuable source of raw material for antimalarial drugs.
El-Askary et al. (2004) succeeded in cultivating A. annua in Egypt
with a high yield of artemisinin (1% dry weight at the pre-flowering
stage, compared to 0.86% dry weight in the Vietnamese cultivar)
(Ferreira et al., 1995). Crude extracts of the leaves of A. annua
were reported to possess antioxidant activities due to the high
content of flavonoids (Zheng and Wang, 2001; Bilia et al., 2006).
The plant is valuable due to its diverse biological actions, ran-
ging from anti-malarial to anticancer activities (Beekman et al.,
1998). Previous reports generally focused on the terpenes of the
non-polar fractions, particularly artemisinin (the sesquiterpene
lactone). However, little attention was paid to the phenolic com-
pounds of the polar fraction. Accordingly, this work explored the
polar fraction of A. annua.

Thus, the antioxidant and hepatoprotective activities of the
bioactive extracts of A. annua and C. droserifolia were studied
and a qualitative analysis of these hepatoprotective bioactive
extracts was carried out using HPLC/PDA/ESI/MS-MS in negative
and positive ionization modes. This method was used to detect and
characterize the phytochemical compounds, many of which were
tentatively characterized for the first time in both plants.

Material and methods
Plant material

The aerial parts of Cleome droserifolia (Forssk.) Delile, Cleo-
maceae, were obtained from the Medicinal Plants Society, Saint
Catherine, Sinai in 2010. The plant was authenticated by Assistant
Prof. Dr. M. Gebali (Plant Taxonomy and Egyptian Flora Department,
National Research Center, Giza, Egypt). Leaves of Artemisia annua L.,
Asteraceae, were obtained from the Experimental Station of Medic-
inal Plants of the Faculty of Pharmacy, Cairo University in Giza in
July 2012. The plant was authenticated by Prof. Dr. Ebrahim A. El-
Garf (Professor of Botany, Department of Science, Cairo University)
during the flowering stage (September). Voucher specimens for
Cleome (29-04-2011)and Artemisia (13-04-2014) were deposited at
the herbarium of the Faculty of Pharmacy, Cairo University, Egypt.

Preparation of extracts and fractions

The air-dried aerial parts of C. droserifolia (200 g) were extracted
with boiled water (3 x 500 ml) giving a yellowish buff powder
extract (CI-AQ, 70g). Air-dried leaves of A. annua L. (1kg) were
extracted with 70% ethanol by sonication till exhaustion, yielding
a dark green residue of (235g, 23.5% w/w). The alcoholic extract
(200 g) was extracted successively with hexane, chloroform, ethyl
acetate and n-butanol fractions in portions till exhaustion. The com-
bined polar fractions (ethyl acetate, 21.1 g and n-butanol, 27.5g)
(ART-CQ) were used in this study.

Fractions of Trigonella foenum-graecum, Rosmarinus officinalis
and Linum usitatissimum (FEN-SaP, RO-MC, and Lin-LRF, respec-
tively) were prepared by members of our group (data under
publication). FEN-SaP is the butanol fraction of fenugreek, RO-MC
is the methylene chloride fraction of rosemary, and Lin-LRF is the
lignin-rich fraction of linseed.

General

Kits for the enzymatic assays of aspartate transaminase (AST)
and alanine transaminase (ALT) were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Fetal bovine serum (FBS) was purchased from
Hyclone (Logan, UT, USA). Dulbecco’s Modified Eagle’s Medium
(DMEM) was obtained from Gibco Laboratories (Life Technologies

Inc., Grand Island, NY, USA). All chemicals used were of the high-
est pure grade available. Human liver hepatocellular carcinoma
cell line HepG-2 from American Type Culture Collection (ATCC,
Rockville, MD, USA) was delivered from Vaccera, Dokki, Egypt.
Plates of 96 wells were purchased from Corning Costar (Cambridge,
MA, USA).

Antioxidant activity

This assay depends on the ability of the extracts to scavenge
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
radical cation, according to Shalaby and Shanab (2013). All extracts
(100 pg/ml final concentration) were dissolved in 0.1% DMSO.

Cell culture

The HepG-2 cells were cultured in a DMEM medium sup-
plemented with 10% FBS, 1001U/ml penicillin and 100 p.g/ml
streptomycin in an atmosphere of 10% CO, at 37 °C. All cells were
between passages 50 and 62.

In vitro viability of HepG-2 cells

The HepG-2 cells viability was assessed by MTT assay according
to the manufacturer’s recommendations (Roche Diagnostics GmbH,
Mannheim, Germany). The extracts were tested at 100 wg/ml. The
solubilized formazan product was spectrophotometrically quanti-
fied at 540 nm with the help of a microplate reader, Power Wave
XS (Bio Tek, Winooski, VT, USA) (Ibrahim et al., 2014).

In vitro hepatoprotective activity

HepG-2 cells were trypsinized in uniform single cell suspen-
sion, having approximately 5 x 10° cells/ml in DMEM, and were
then seeded in 21 flasks. Then 20mM CCly in 0.1% DMSO along
with 1 ml buffer were added to the test extract groups, reaching an
effective concentration of 4 mM CCl4 and a final concentration of
100 pg/ml of the extract. After 14 h treatment with CCly, the super-
natant was used for the analysis of the total soluble protein and the
liver enzymes (AST, ALT), using a commercial kit purchased from
Biomed Diagnostics (White City, OR) (Gite et al., 2014).

Statistical analysis

Data were presented as mean values +(SD). Statistical com-
parisons between groups were performed by one-way analysis
of variance (ANOVA), followed by Posthoc Tukey’s test (Statistica,
StatSoft, USA). Values of p<0.05 were assumed to be statistically
significant.

LC/MS of active extracts

The chromatographic analysis was performed on an HPLC Agi-
lent 1200 series instrument equipped with a high performance
autosampler, binary pump and PDA detector G 1314 C(SL) (Agilent
Technologies, Waldbronn, Germany), the column was Gemini 3 mm
C18 110A from Phenomenex with dimensions (100 mm x 3 mm
i.d., 5 wm) protected with RP C18 100 A guard column with dimen-
sions (5mm x 3 mm i.d., 5 wm). The mobile phase consisted of two
solvents: 2% acetic acid in purified water (A) and 90% MeOH in puri-
fied water (B) at a flow rate of 50 wl/min. The sample was dissolved
in 5% MeOH and 2% acetic acid. The mobile phase gradient was:
0-60 min, 5% B; 60-70 min, 50% B; 70-80 min, 90% B; 80-90 min,
5% B. The samples were dissolved in 5% MeOH and 2% acetic acid
with a concentration of 1 mg/ml then filtered using a syringe filter
with a pore size 0.2 pm. The sample injection volume was 10 1.
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Table 1
In vitro viability of HepG-2 cells treated with CCl4 and the herbal extracts.

Groups Treatment % HepG-2 viability
1 Control (untreated) 100

2 CCly 35.23+0.24

3 CCly +CI-AQ 86.43 +0.40

4 CCl4 +ART-CQ 79.32+1.54

5 CCly +FEN-SaP 63.22+2.1

6 CCl4 +RO-MC 58.31+0.73

7 CCly4 +Lin-LRF 42.82+1.15

All extracts were tested at a final concentration of 100 p.g/ml.

A Fourier transform ion cyclotron resonance mass analyzer was
used, equipped with an electrospray ionization (ESI) system. The
mass analyzed is the FT-ICR in the full scan and in trap in ms/ms
mode (fragmentation). X-calibur” software was used to control the
system. Detection was performed in the negative ion mode apply-
ing a capillary voltage of 36 V and a temperature of 275 °C. The API
source voltage was adjusted to 5kV, and the desolvation temper-
ature to 275 °C. Nitrogen was used as a nebulizing gas with a flow
adjusted to 151/min. The analytical run time was 89 min and the
full mass scan covered the mass range from 150 to 2000 m/z with
resolution up to 100,000 (Handoussa et al., 2013).

Results and discussion
Antioxidant activity

CI-AQ and ART-CQ extracts were assessed for their ability to
scavenge ABTS free radicals, along with FEN-SaP, RO-MC, Lin-
LRF, and ascorbic acid as a positive standard control. Both CI-AQ
and ART-CQ extracts exhibited pronounced antioxidant activities
(86+£2.04% and 83 +1.24%, respectively), which were compa-
rable to ascorbic acid (88+2.0%). On the other hand, FEN-SaP
(75+0.75%), RO-MC (53 & 1.35%), and Lin-LRF (61 + 0.64%) showed
moderate activities.

In vitro hepatoprotective activity

Recently, in vitro models were shown to be valuable tools
for drug discovery. Plant extracts have been employed in several
applications as protection against liver lesions induced by toxic
compounds (Torres-Gonzalez et al., 2011). Pretreatment of the CCly
injured HepG-2 cells with the plant extracts increased the percent-
age of viable cells compared to the toxic cells (Table 1). Notably,
Cl-AQ and ART-CQ showed a significant increase in cell viability
(86.434+0.40 and 79.32 4+ 1.54%, respectively) when compared to
the other three herbal extracts.

It was observed that both the CI-AQ and ART-CQ extracts pos-
sessed a preventive role against chloride radical toxicity. The levels
of the hepatic enzymes (AST and ALT) were significantly elevated
in the CCly group (87.5+4.34 and 34.1 4+ 8.121U/dl, respectively),
compared to the control group (36.8 +4.25 and 14.5 +3.361U/d],
respectively) and the CI-AQ (39.6+5.41 and 20.4+6.911U/dI,
respectively) and ART-CQ (40.8 +2.14 and 24.5 + 3.11 IU/dI, respec-
tively) treated groups (Table 2). Also, the protein level was restored
in the cells pretreated with CI-AQ and ART-CQ. The FEN-SaP, RO-
MC, and Lin-LRF extracts did not protect the hepatic cells from
oxidative free radical intoxication (Table 2).

The ability of the cells to reduce MTT provided an indication of
mitochondrial integrity and activity (Maianski et al., 2004). Serum
transaminase levels were shown to return to normal through sta-
bilization of the plasma membranes of the injured hepatocytes.
Thus, the extracts were protective against liver toxicity, most likely
through both the restoration of the functional integrity of the cell

Table 2
Effect of extracts on AST, ALT and total soluble protein levels on CCls-intoxicated
HepG 2 cells.

Groups  Treatment AST (IU/dl) ALT (IU/dl) Protein (g/dl)
1 Control (untreated) 36.8 +4.25 14.5 +£ 3.36 7.12 + 045
2 CCly 87.5 + 4.34 34.1 + 8.12 2.62 + 4.14
3 CCly +Cl-AQ 39.6 + 5.41 204 + 6.91 6.4 + 0.22
4 CCly +ART-CQ 40.8 + 2.14 24.5 £ 3.11 5.18 £ 0.24
5 CCly + FEN-SaP 52.8 +1.82 34.7 £ 2.33 4.15 £ 0.71
6 CCly +RO-MC 65.3 + 1.41 40.2 + 1.41 4.01 + 1.52
7 CCly +Lin-LRF 69.3 £ 2.11 45.1 £ 2.12 3.51 £ 045

Values were expressed as mean = SD of triplicates in each group; significant dif-
ference noted from groups 1 and 2 at p<0.05. All extracts were tested at a final
concentration of 100 pg/ml.

membranes with the resulting reduction of transaminases, as well
as through the antioxidative mechanism.

Metabolite profiling of active extracts

This study aimed to identify the phenolic compounds within the
bioactive fractions using HPLC/PDA/ESI/MS-MS approach. Data are
shown in Tables 3 and 4 for CI-AQ and ART-CQ, respectively. Peak
identification was performed by comparison fragmentation pattern
of the precursorion [M—H]~ and their diagnostic productions. Neg-
ative mode (Figs. 1 and 2) was used, since phenolic molecules are
more clearly detected in this mode rather than in the positive ion
mode (Figs. 1S and 2S in supplementary material), According to
Mittal et al. (2013) it gives better deprotonating process, with opti-
mum ionization, besides the decrement of the signal-to-noise ratio
and higher peaks abundance.

Cleome droserifolia (CI-AQ)

Phenolic acid derivatives

Compound (Cd1) showed a base peak anion at m/z 355.09.
Moreover, the MS" spectrum corroborated the hypothesis of a
caffeoyl-hexuronide derivative, as the characteristic fragment ions
of caffeic acid at m/z 179 after loss of a hexuronic acid at m/z 135
were detected; m/z 175 appeared due to the loss of caffeic acid from
the base peak and m/z 113 peak of a hexuronide acid fragmen-
tation (Fig. 1 and Table 3). Furthermore, the appearance of peak
Cd2 at [M—H]~ m/z 339.04 showed the carboxylic form of peak
Cd1, as they have exactly the same fragmentation pattern, with the
exception of the loss of CO, (Catarino et al., 2015) so it is identified
as a caffeoyl-hexuronide derivative. Moreover, Cd7 was identified
as 5-caffeoyl-quinic acid with its deprotonated molecule [M—H]~
my/z 353.09. According to Clifford et al. (2003), the position of the
caffeoyl substituent was suggested due to its peak ion of deproto-
nated quinic acid at m/z 191 and peak ion at m/z 179. Peak Cd11
showed a molecular ion [M—H]~ at m/z 597.18, yielding prominent
ions at m/z 359, 295 and 179. Similar fragments were reported by
Chen et al. (2010) for the compound yunnaneic acid F, which is
a caffeic acid metabolite previously detected in Salvia miltiorrhiza
and Melissa officinalis. This was considered as a first report in C.
droserifolia (Aboushoer et al., 2010).

Flavonoids

Several flavonol glycosides were detected in C. droserifolia
as quercetin-O-glucoside-O-rhamnoside, which was recognized
as peak Cd10; [M-H]~ of m/z 609.15, with Ms" at m/z: 447
[Q+Rha—-H]~, 463 [Q+Glu—H]~ and 299 [Q-H]~ (Handoussa
et al., 2013), this compound was previously reported for the same
species (Abdullah et al., 2016).

Additionally, Cd12 revealed the presence of kaempferol-O-
glucoside-O-rhamnoside, having its deprotonated anion [M—H]~



Table 3
Peak assignments using HPLC/PDA/ES-MS" of metabolites detected in CI-AQ (negative ion mode). (the structures are shown in Fig. 3S).

Peak Identified compounds Retention time (min)  UV-Vis (Amax) [M—H]-(m/z) Error(ppm) Molecular formula Fragment ions (m/z) Peak area%  Reference

(compound)

Cd1 Caffeoyl-hexuronic 2.05 245,318 355.0883 —-3.38 Ci2H19012 311,194, 195,179,175, 3.1 Catarino et al. (2015)
acid 113,

Cd2 Caffeoyl-hexuronide 2.86 240, 320 339.0935 -4.13 Ci2H20011 355,311,179,175,113 0.9 Catarino et al. (2015)
derv.

Cd3 (Iso) pentyl dihexose 10.17 258 411.1506 -2.43 C16H25012 249, 205 0.15 Barros et al. (2012)

Cd4 Caffeoyl ferulic acid 17.70 240, 330 408.0429 -3.19 CagHoO4 315,303,179 0.2 El Sayed et al. (2016)
derivative

Cd5 Caffeoyl ferulic acid 19.05 240, 330 408.0430 -3.19 Ca8HoO4 315,303, 269,252,179 035 El Sayed et al. (2016)
derivative

Cd6 (Epi) catechin 23.05 264,320 388.0742 -3.09 Ca6H1304 261, 221,219,179 0.4 Tentative
derivative

Cd7 5-Caffeoylquinic acid 33.99 326 353.0879 -3.40 C16H1509 191,179, 161 0.28 Clifford et al. (2003)

Cds (Iso) rhamnetin 40.61 250, 352 655.1476 2.5 Cy2H21015 315,301,179 0.27 Tentative
hexoside derv.

Cd9o (Iso) rhamnetin 42.44 250, 352 315.2178 -3.81 C16H1207 217,300 0.23 Abu-Reidah et al.

(2015)

Cd10 Rutin 45.05 282,355 609.1464 -1.64 Ca7H30016 463, 447,301, 299 1.5 Handoussa et al. (2013)

Cd11 Yunnaneic acid F 47.3 297,330 597.1828 -0.87 Ca9H26014 579, 359, 295, 179 0.72 Barros et al. (2012)

Cd12 Kaempferol 49.63 254, 366 593.1514 -2.36 Cy7H30015 431,269 0.58 Farag et al. (2016)
3-0-glucoside
7-0-rhamnoside

Cd13 (Iso) rhamnetin 50.48 250, 352 623.1619 —-1.60 CosH31016 477,315,300 0.38 Farag et al. (2016)
rhamnosyl hexoside

Cd14 Quercetin dimethyl 55.61 282,357 637.1775 -1.57 Ca9H34016 491, 329,179, 151 0.6 Simirgiotis (2013)
ether rutinose

Cd15 Gallocatechin 60.08 274 305.0667 -3.28 Ci5H1407 261,221,219,179,167, 0.72 Dou et al. (2007)

and 165

Cd16 Acetyl 65.76 245,317 557.2607 -0.77 Cy7H25013 515,353,179 0.53 Lin and Harnly (2010)
di-caffeoylquinic acid

Cd17 Flavonoid derivative 67.79 255,354 523.2918 -3.25 CasHa309 179, 1047 1.35 Zou et al. (2011)

Cd18 Di-flavonoid derivative 68.77 255,355 1047.5877 —2.77 CugHs56026 523,179 2.7 Zuchowski et al. (2014)

Cd19 (Iso) rhamnetin-glu- 68.85 270, 360 563.3024 -2.55 Ca5H24015 315,301,179 2.9 Abu-Reidah et al.
malonate (2015)

Cd20 Digalloyl deoxyhexose 72.65 274 465.2870 3.01 Cy0H18013 313,301,179, 169 1.98 Abdel-Hameed et al.

(2013)
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Table 4

Peak assignments using HPLC/PDA/ESI-MS" of metabolites detected in ART-CQ (negative ion mode) (the structures are shown in Fig. 4S).

Peak Identified compounds  Retention time UV-Vis [M—H]~ Error Formula Fragment ions (m/z) peak area% Reference

(compound) (min) (Amax) (m/z) (ppm)

Aal Caftaric acid 2.02 240,320 311.0620 —3.86 CioH15014 179, 149 0.32 Handoussa et al. (2013)

Aa2 Caffeoylquinic acid 222 244,326 461.2029 1.8 C16H1509 281,239,191,179,137 0.75 El Sayed et al. (2016)
derivative

Aa3 3-Caffeoylquinic acid 4.32 244, 326 353.0878 -3.12 Ci6H1809 191,179 0.12 Clifford et al. (2005)

Aa4 5-Caffeoylquinic acid 21.10 244,326 353.0881 -3.97 C16H1509 191,179 0.47 Clifford et al. (2005)

Aa5 Apigenin-7-8-0- 22.36 267,355 445.2082 -3.14 Co1H15011 431, 335,269 0.52 Pereira et al. (2013)
glucuronide

Aab 4-Caffeoylquinic acid 23.42 244,326 353.0901 1.25 Cy6H1809 173,179 0.2 Clifford et al. (2005)

Aa7 Digallic acid 27.18 nd 321.0242 -0.31 C14H1009 169, 125 0.17 Abu-Reidah et al. (2015)

Aa8 5-Feruloylquinic acid 29.36 240, 360 367.1036 —-3.54 C17H300g9 190, 172 0.18 Lin and Harnly (2010)

Aa9 3-Feruloylquinic acid 30.83 240, 360 367.1037 -3.81 Cy17H2009 192,179 0.3 Lin and Harnly (2010)

Aal10 Caffeoyl coumaryl 34.48 241, 265 535.1672 2.5 Co6H31012 355,209, 179, 163 0.45 Lin and Harnly (2010)
glucaric acid

Aall Feruloylquinic acid 35.21 240, 360 367.1037 -3.81 C17H2009 192,179 0.4 Lin and Harnly (2010)

Aa12 Caffeic acid derivative ~ 43.03 220,316 381.1194 2.46 Co6H504 353,337,179 2.45 Gouveia and Castilho (2011)

Aal3 Vitexin (apigenin 43.48 336 431.0987 —3.48 C21H0019 311,270,179 2.5 Barros et al. (2012)
8-C-hexoside)

Aal4 Apigenin-7-hexoside 46.41 336 431.0988 -3.48 C21H20010 270,179 0.28 Barros et al. (2012)

Aal5 4,5-Dicaffeoylquinic 48.11 220, 330 1031.2443 0.78 Cs0Ha7024 515,191,179 2.75 Clifford et al. (2005)
acid dimer

Aal6 4,5-Dicaffeoylquinic 49.64 220, 330 515.1200 -3.11 Ca5H24012 191,179 2.34 Clifford et al. (2005)
acid

Aal7 Caffeoyl-feruloylquinic 51.54 243, 366 529.1353 —-2.46 Co6H6012 367,353,191, 179 1.2 Lin and Harnly (2010)
acid isomer

Aa18 3,5-Dicaffeoylquinic 53.59 220, 330 1031.2438 1.26 Cs0Ha7024 515,191,179 3.2 Clifford et al. (2005)
acid dimer

Aal9 Caffeoyl-feruloylquinic  54.46 243, 366 529.1355 -2.83 Co6H26012 367,353,191,179 2.97 Lin and Harnly (2010)
acid isomer

Aa20 Caffeoyl-feruloylquinic  55.57 244, 365 529.1357 —-3.21 Co6H6012 367, 353,191,179 1.25 Lin and Harnly (2010)
acid isomer

Aa21 3,4-Di-feruloylquinic 56.58 254,367 543.1510 -0.37 Co7H28012 349,299,193 0.72 Clifford et al. (2005)
acid

Aa22 3,5-Di-feruloylquinic 57.01 254,367 543.1512 -2.21 Ca7H25012 367,349 0.79 Clifford et al. (2005)
acid

Aa23 Caffeoyl-feruloylquinic  59.82 243,366 529.1355 -2.83 Co6H26012 367,353,191, 179 3.5 Lin and Harnly (2010)
acid isomer

Aa24 (Iso) 64.35 225, 340 557.1669 3.41 Ca2H21015S 316,301,179 13 Kargbo et al. (2015)
rhamnetin-O-hexoside
sulphate

Aa25 Di-feruloylquinic acid 64.65 254,367 543.1512 -2.76 C27H8013 367, 349 2.1 Clifford et al. (2005)

Aa26 3,4,5-Tricaffeoylquinic ~ 65.38 220,330 677.1516 -1.48 C34H30015 515,179 1.6 Gouveia and Castilho (2011)
acid

Aa27 (Iso) 66.67 225, 340 557.1669 341 Cy2H1015S 316,301,179 1.25 Abu-Reidah et al. (2015)
rhamnetin-O-hexoside
sulphate

Aa28 Feruloyl 67.06 250, 368 691.1668 2.89 C34H27016 515,335,179 3.15 Johnson et al. (2014)
dicaffeoylquinic acid

Aa29 Di-feruloyl 68.79 250, 368 719.1990 -1.39 C36H31046 515,335,191, 179 0.7 Johnson et al. (2014)
caffeoylquinic acid

Aa30 Dicaffeoyl ferulic acid 69.65 243, 366 671.4020 —1.46 Co8H2,019 529,179 13 Tentative

derivative

02Z-€1Z (6102) 6 p1Sous00DULID] Ip DAJISDAG DISIAdY /I 39 KDASY-19 'H

L1T



218

100

Relatives abundance

H. El-Askary et al. / Revista Brasileira de Farmacognosia 29 (2019) 213-220

74.83
1015.60

70.85
565.30

68.77
1047.59

74.98
1507.30

75.79
389.31

45.05 4963
60915 593 15

0
0 10

20 30

40

50

Time (min)

Fig. 1. Negative RP-HPLC/HRESI-PDA/QTOF-MS TI chromatogram of phenolics in CI-AQ.
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Fig. 2. Negative RP-HPLC/HRESI-PDA/QTOF-MS TI chromatogram of phenolics in ART-CQ.

at m/z 593.15 due to [K+Rha+Glu—H]". Its fragmentation pat-
tern was consistent with that reported in Simirgiotis (2013) i.e.
m/z 431 of [K+Rha—-H]~ and m/z 447 of [K+Glu—H]~. In addi-
tion, Cd13 displayed (iso) rhamnetin-O-glucoside-O-rhamnoside,
in which the deprotonated peak [I+Glu+Rha — H]~ at m/z 623.16
and its fragmentation pattern showed molecular ions at m/z: 461
[I+Rha—-H]~, 477 [1+Glu—-H]~ and 313 [aglycone ion]~ (Farag
et al., 2016). Furthermore, Cd14 showed a [M—H]|~ at m/z 637.18
which produced MS" ions at m/z 491 (loss of glucose) and m/z
329 (loss of rutinose). These were in accordance with the MS data
reported for quercetin dimethyl ether with the typical fragments
of quercetin m/z 179 and m/z 151 (Simirgiotis, 2013).

Artemsia annua (ART-CQ)

Phenolic acids

Several metabolites belonging to hydroxycinnamoyl quinic
acids were detected in A. annua bioactive polar fraction, Aal
showed the cinnamic-type UV spectrum, and a deprotonated anion

[M—H]~ at m/z 311.06, its main molecular ion peak at m/z 179
[M—H-132]~, which is representing the deprotonated caffeic acid
moiety (Fig. 2 and Table 4), thus it was identified as caftaric acid,
which was previously described in Vitis vinifera (Handoussa et al.,
2013). Aa2 has a [M—H]~ at m/z 461.20, with fragments at m/z 281,
239, 179 and 137, which are characteristic of caffeic acid deriva-
tives. In addition to, the presence of an intensively strong peak at
m/z 191 which is indicative to quinic acid moiety (El Sayed et al.,
2016).

Three caffeoyl-quinic acid isomers having the same [M—H]~ at
m/z 353.09 were detected. 3-caffeoyl-quinic acid was identified for
peak Aa3 due to the presence of an intense base peak at m/z 191
and a strong peak (50% of base peak) at m/z 179. The 5-caffeoyl-
quinic acid for peak Aa4 indicated a weak fragment at m/z 179,
while peak Aa6 was identified as 4-caffeoyl-quinic acid due to a
base peak at m/z173 (Clifford et al.,2005). Furthermore, di-caffeoyl-
quinic acid isomers were also recognized by their parent ion at m/z
515.12. Aa16 was identified as 4,5-di-caffeoyl-quinic acid, which
was distinguished from its isomers by its pattern; of undetectable
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peak at m/z 353 and the presence of a strong recognizable peak
(=50) at m/z 179. In addition, its dimer was observed as peak Aa15.
Furthermore, Peak Aa18 exhibited another di-caffeoyl-quinic acid
dimer, tentatively identified as 3,5-di-caffeoyl-quinic acid dimer,
according to Clifford et al. (2005).

Several feruloylquinic acid isomers of [M—H]~ at m/z 367.10
as in peak Aa8 that was identified as 5-feruloylquinic acid with
a fragmentation pattern; m/z 191 for deprotonated quinic acid and
m/z 172, which is typical for a substituted quinic acid at position
number 5 (Lin and Harnly, 2010). It was not identified as isoferu-
loylquinic acid due to the absence of m/z 154 (Lin and Harnly, 2010).
Similarly, Aa9 was identified as 3-feruloylquinic acid, owing to the
fragmentation pattern; a 3-substituted position could be deduced
from the intense peak of m/z 179 (Lin and Harnly, 2010). The pres-
ence of m/z 192 negated the possibility that this compound could
be an isoferuloyl isomer.

Based on Gouveia and Castilho (2011), peak Aal2 was tenta-
tively identified as a caffeoyl acid derivative with a deprotonated
molecule [M—H]|~ at m/z 381.11 in the negative ion mode. The
MS" data showed neutral losses to arise peaks of CO, (m/z 337)
and caffeic acid (m/z 201) from the deprotonated molecule of (m/z
381). The specific structure of the compound eluted at peak Aa12
could not be determined. However, these fragmentations were typ-
ically observed for caffeoyl acid derivatives. Peak Aa26 showed a
deprotonated molecule at m/z 677.15 and its MS" fragmentation
showed three consecutive losses of caffeoyl moieties (162 a.m.u).
This is consistent with these fragmentations reported for a 3,4,5-
tricaffeoylquinic acid (Gouveia and Castilho, 2011).

Compound Aa10, with a molecular [M—H]~ ion at m/z 535.17,
proved to be caffeoyl coumaryl glucaric acid. While the MS/MS of
m/z535.17 produced the same fragment ions with peaks at m/z 197
and 163 characteristic of a coumaroyl moiety, the fragment ions at
m/z 147, m/z 173 and m/z 209 indicated a glucaric moiety and m/z
179 a caffeoyl moiety. It was not possible to assign the binding
position of the moieties, but they may be linked at the C-2, C-3 or
C-4 positions of the glucaric acid (Lin and Harnly, 2010).

Flavonoids

Peak Aa5 showed a UV spectrum with maximum absorption at
267 and 335 nm, characteristic for the flavone apigenin. The mass
spectrum in the negative ionization mode of this peak showed
[M—H]~ at m/z 445.21 and at m/z 269, corresponding to the loss
of a glycuronyl unit; thus, it was identified as apigenin-7-3-0O-
glucuronide (Pereira et al., 2013). It was previously isolated from A.
annua by Ferreira et al. (2010).

Several caffeoyl acid derivatives (Cd1, Cd2, Cd4, Cd5 and Cd11)
were identified for the first time in C. droserifolia aerial parts
(Table 3). This is the first report of a 3,5-dicaffeoylquinic acid dimer
(Aa18), 4,5-dicaffeoylquinic acid (Aa16), 3,4,5-tricaffeoylquinic
acid (Aa26), and 3-feruloylquinic acid (Aa9) in A. annua
leaves (Table 4). Previous studies indicated caffeoylquinic acid
derivatives 3,5-di-O-caffeoylquinic acid 1-methyl ether and 4,5-di-
O-caffeoylquinic acid 1-methyl ether, in addition to the well-known
hepatoprotective compound 1,5-di-O-caffeoylquinic acid; these
were isolated from the hepatoprotective fraction of Inula crith-
moides roots. These compounds significantly decreased the level
of four serum biochemical parameters in vivo (AST, ALT, ALP, and
bilirubin) (Aboul Ela et al., 2012). Both CI-AQ and ART-CQ are rich
in hydroxycinnamoyl quinic acids, which are protective against
liver toxicity. The tested extract FEN-SaP was shown to be rich
in alkaloids and steroidal saponins, while RO-MC contained phe-
nolic diterpenes, and Lin-LRF had significant lignans; however,
these exhibited poor hepatoprotective activities. Thus, our results
provide evidence of the hepatoprotective activity of caffeoyl- and
feruloylquinic acid derivatives.

Conclusion

The two extracts CI-AQ and ART-CQ effectively prevented CCly-
induced acute hepatotoxicity in vitro, which proved their potential
to ameliorate radical-induced toxicity. An HPLC/PDA/ESI/MS-MS
based analysis of the extracts revealed that both CI-AQ and ART-CQ
were rich in flavonoid glycosides, caffeoyl- and feruloylquinic acid
derivatives, while the other tested extracts which contained alka-
loids, steroidal saponins, phenolic diterpenes and lignans showed
little activity. Thus, our study provided further evidence of the hep-
atoprotective activity of hydroxycinnamoyl quinic acid derivatives
and flavonoids.

Authors’ contributions

HE and AAM contributed in collecting plant samples and extract
preparation. AHE and MWL performed qualitative chemical pro-
filing of the phytoconstituents. HH and AA carried out the data
analysis. FB carried out the in vitro assays. HE and AAM designed
the study and contributed to the critical reading of the manuscript.
All authors read and approved the final manuscript.

Ethical disclosures

Protection of human and animal subjects. The authors declare
that no experiments were performed on humans or animals for
this study.

Confidentiality of data. The authors declare that no patient data
appear in this article.

Right to privacy and informed consent. The authors declare that
no patient data appear in this article.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. The
authors would like to express their gratitude to King Khalid Uni-
versity, Saudi Arabia for providing administrative and technical
support.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bjp.2018.10.001.

References

Abdel-Hameed, E.S., Bazaid, S.A., Salman, M.S., 2013. Characterization of the phyto-
chemical constituents of Taif rose and its antioxidant and anticancer activities.
BioMed. Res. Int., http://dx.doi.org/10.1155/2013/345465.

Abdel-Kader, M.S., Al-Qasoumi, S.I., AL-Taweel, A.M., 2009. Hepatoprotective con-
stituents from Cleome droserifolia. Chem. Pharm. Bull. 57, 620-624.

Abdel-Kawy, M.A., El-Deib, S., El-Khyat, Z., Mikhail, Y.A., 2000. Chemical and bio-
logical studies of Cleome droserifolia (Forssk.) Del. Part-1. Egypt ]. Biomed. Sci. 6,
204-218.

Abdel Motaal, A., Ezzat, S.M., El-Askary, H., 2014. Antihyperglycemic activity and
standardization of the bioactive extract of Cleome droserifolia growing in Egypt.
Phcog. ]. 6, 15-21.

Abdullah, W., Elsayed, W.E., Abdelshafeek, K.A., Nazif, N.M., Singab, A.N., 2016.
Chemical constituents and biological activities of Cleome genus: a brief review.
Int. . Pharmaco. Phytochem. Res. 8, 777-787.


http://dx.doi.org/10.1016/j.bjp.2018.10.001
dx.doi.org/10.1155/2013/345465
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0025

220 H. El-Askary et al. / Revista Brasileira de Farmacognosia 29 (2019) 213-220

AbouElAzm, AR, Yousef, M., Mansour, N.,Awad, A., El Dardiry, S., Abdel Aziz, 1., 2014.
New insights on non-B non-C hepatocellular carcinoma in mid Delta region.
Egypt ]J. Gastrointest. Cancer 45, 276-283.

Aboul Ela, M.A,, El-Lakany, A.M., Abdel-Kader, M.S., Algasoumi, S.I., Shams-El-Din,
S.M., Hammoda, H.M., 2012. New quinic acid derivatives from hepatoprotective
Inula crithmoides root extract. Helv. Chim. Acta 95, 61-66.

Aboushoer, M.I, Fathy, H.M., Abdel-Kader, M.S., Goetz, G.,Omar, A.A., 2010. Terpenes
and flavonoids from an Egyptian collection of Cleome droserifolia. Nat. Prod. Lett.
24, 687-696.

Abu-Reidah, .M., Ali-Shtayeh, M.S., Jamous, R., Arrdez-Roman, D., Segura-Carretero,
A., 2015. HPLC-DAD-ESI-MS/MS screening of bioactive components from Rhus
coriaria L. (Sumac) fruits. Food Chem. 166, 179-191.

Barros, L., Duefias, M., Carvalho, A., Ferreira, 1., Santos-Buelga, C., 2012. Charac-
terization of phenolic compounds in flowers of wild medicinal plants from
Northeastern Portugal. Food Chem. Toxicol. 50, 1576-1582.

Beekman, A.C., Wierenga, P.K, Woerdenbag, HJ., Van Uden, W., Pras, N.,
Konings, AW., El-Feraly, F.S., Galal, A.M., Wikstrom, H.V., 1998. Artemisinin-
derived sesquiterpene lactones as potential antitumour compounds: cyto-
toxic action against bone marrow and tumour cells. Planta Med. 64,
615-619.

Bilia, A.R., Melillo de Malgalhaes, P., Bergonzi, M.C., Vincieri, F.F., 2006. Simultaneous
analysis of artemisinin and flavonoids of several extracts of Artemisia annua L.
obtained from a commercial sample and a selected cultivar. Phytomedicine 13,
487-493.

Catarino, M.D., Silva, AM., Saraiva, S.C., Sobral, AJ., Cardoso, S.M. 2015.
Characterization of phenolic constituents and evaluation of antioxidant
properties of leaves and stems of Eriocephalus africanus. Arab. ]. Chem.,
http://dx.doi.org/10.1016/j.arabjc.2015.04.018.

Chen, H., Zhang, Q. Wang, X, Yang, ], Wang, Q. 2010. Qualitative analy-
sis and simultaneous quantification of phenolic compounds in the aerial
Parts of Salvia miltiorrhiza by HPLCDAD and ESI/MS". Phytochem. Anal. 22,
247-257.

Clifford, M.N,, Johnston, K.L., Knight, S., Kuhnert, N., 2003. Hierarchical scheme for
LC-MS" identification of chlorogenic acids. J. Agric. Food Chem. 51, 2900-2911.

Clifford, M., Knight, S., Kuhnert, N., 2005. Discriminating between the six
isomers of dicaffeoylquinic acid by LC-MS". ]. Agric. Food Chem. 53,
3821-3832.

Dou, L, Lee, V.S,, Tzen, J., Lee, M., 2007. Identification and comparison of phenolic
compounds in the preparation of Oolong tea manufactured by semifermentation
and drying processes. J. Agric. Food Chem. 55, 7462-7468.

El-Askary, H., Gala, A., Abou-Hussein, D.R., El-Ghawwas, E., 2004. Cultivation of
Artemisia annua in Egypt and production of its anti-malarial drug (Artemisinin).
Bull. Fac. Pharm. Cairo Univ. 42, 99-105.

El Sayed, A., Ezzat, S., El Naggar, M., El Hawary, S., 2016. In vivo diabetic wound
healing effect and HPLC-DAD-ESI-MS/MS profiling of the methanol extracts of
eight Aloe species. Rev. Bras. Farmacogn. 26, 352-362.

Ezzat, S.M., Abdel Motaal, A., 2012. [solation of new cytotoxic metabolites from
Cleome droserifolia growing in Egypt. Z. Naturforsch. C 67, 266-274.

Farag, M.A., Handoussa, H., Fekry, M.L., Wessjohann, L., 2016. Metabolites profiling in
18 Saudi date palm fruit cultivars and their antioxidant potential via UPLC-qTOF-
MS and multivariate data analyses. Food Funct. 7, 1077-1086.

Ferreira, J.F., Simon, J.E., Janick, J., 1995. Developmental studies of Artemisia annua:
flowering and artemisinin production under greenhouse and field conditions.
Planta Med. 61, 167-170.

Ferreira, J.F., Luthria, D.L., Sasaki, T., Heyerick, A., 2010. Flavonoids from Artemisia
annua L. as antioxidants and their potential synergism with artemisinin against
malaria and cancer. Molecules 15, 3135-3170.

Gite, S., Yadav, S., Nilegaonkar, S., Agte, V., 2014. Evaluation of hepatoprotective
potential of functional food formulations using in vitro and in vivo models of
CCly4 radical induced toxicity. IJIMS 1, 6-13.

Gouveia, S., Castilho, P.C,, 2011. Characterisation of phenolic acid derivatives and
flavonoids from different morphological parts of Helichrysum obconicum by a
RP-HPLC-DAD-ESI-MS" method. Food Chem. 129, 333-344.

Handoussa, H., Hanafi, R, Eddiasty, I, EI-Gendy, M., El Khatib, A., Linscheid, M.,
Mabhran, L., Ayoub, N.,2013. Anti-inflammatory and cytotoxic activities of dietary
phenolics isolated from Corchorus olitorius and Vitis vinifera. ]. Funct. Food 5,
1204-1216.

Ibrahim, A.S., Sobh, M.A,, Eid, H.M., Salem, A., Elbelasi, H.H., EI-Naggar, M.H., Abdel-
Bar, F.M., Sheashaa, H., Sobh, M.A., Badria, F.A., 2014. Gingerol-derivatives:
emerging new therapy against human drug-resistant MCF-7. Tumour Biol. 35,
9941-9948.

Johnson, C.E., Lin, L.Z., Harnly, J.M., Oladeinde, F.O., Kinyua, A.M., Michelin, R., Bron-
ner, Y., 2014. Identification of the phenolic components of Vernonia amygdalina
and Russelia equisetiformi. J. Nat. Prod. 4, 57-64.

Kargbo, M., Gbago, 0., Song, Y., 2015. In vitro anti-diabetic activity and phenolic
compound profile of ethanol extracts of Anisophyllea laurina R. Br. ex Sabine
leaves and stem bark. Euro Acad. Res. 2, 16089-16106.

Lin, L., Harnly, J.M., 2010. Identification of the phenolic components of Chrysanthe-
mum flower (Chrysanthemum morifolium Ramat). Food Chem. 120, 319-326.
Maianski, N.A., Geissler, J., Srinivasula, S.M., Alnemri, E.S., Roos, D., Kuijpers,
T.W.,, 2004. Functional characterization of mitochondria in neutrophils: a role

restricted to apoptosis. Cell Death Differ. 11, 143-153.

Mittal, A. Kadyan, P. Gahlaut, A, Dabur, R, 2013. Nontargeted identifica-
tion of the phenolic and other compounds of Saraca asoca by high
performance liquid chromatography-positive electrospray ionization
and quadrupole time-of-flight mass spectrometry. ISRN Pharmaceutics,
http://dx.doi.org/10.1155/2013/293935.

Motaal, A.A., Ezzat, S.M., Haddad, P.S., 2011. Determination of bioactive markers
in Cleome droserifolia using cell-based bioassays for antidiabetic activity and
isolation of two novel active compounds. Phytomedicine 19, 38-41.

Nassar, M.I.,, Gamal-Eldeen, A.M., 2003. Potential antioxidant activity of flavonoids
from Hypericum triquetrifolium Turra and Cleome droserifolia (Forssk.) Del. Bull.
Fac. Pharm. Cairo Univ. 41, 107-115.

Pereira, O.R,, Peres, A.M,, Silva, A.M., Domingues, M.R., Cardoso, S.M., 2013. Simul-
taneous characterization and quantification of phenolic compounds in Thymus
citriodorus using a validated HPLC-UV and ESI-MS combined method. Food Res.
Int. 54, 1773-1780.

Shalaby, E.A., Shanab, S.M.M., 2013. Comparison of DPPH and ABTS assays for
determining antioxidant potential of water and methanol extracts of Spirulina
platensis. Indian J. Mar. Sci. 42, 556-564.

Simirgiotis, M.J., 2013. Antioxidant capacity and HPLC-DAD-MS profiling of Chilean
Peumo (Cryptocarya alba) fruits and comparison with German Peumo (Crataegus
monogyna) from Southern Chile. Molecules 18, 2061-2080.

Torres-Gonzalez, L., Munoz-Espinosa, L.E., Rivas-Estilla, A.M., TrujilloMurillo, K.,
Salazar-Aranda, R., De Torres, N.W., Cordero-Perez, P., 2011. Protective effect of
four Mexican plants against CCl4 induced damage on the Huh 7 human hepatoma
cell line. Ann. Hepatol. 10, 73-79.

Zheng, W., Wang, S.Y., 2001. Antioxidant activity and phenolic compounds in
selected herbs. . Agric. Food Chem. 49, 5165-5170.

Zouy, Y., Chang, S.K, Gu, Y., Qian, S., 2011. Antioxidant activity and phenolic compo-
sitions of lentil (Lens culinaris var. morton) extract and its fractions. J. Agric. Food
Chem. 59, 2268-2276.

Zuchowski, J., Pecio, L., Stochmal, A., 2014. Novel flavonol glycosides from the aerial
parts of lentil (Lens culinaris). Molecules 19, 18152-18178.


http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0060
dx.doi.org/10.1016/j.arabjc.2015.04.018
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0125
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0130
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0135
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0140
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0145
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0150
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0155
dx.doi.org/10.1155/2013/293935
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0165
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0170
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0175
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0180
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0185
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0190
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0200
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0205
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210
http://refhub.elsevier.com/S0102-695X(18)30235-7/sbref0210

	Characterization of hepatoprotective metabolites from Artemisia annua and Cleome droserifolia using HPLC/PDA/ESI/MS–MS
	Introduction
	Material and methods
	Plant material
	Preparation of extracts and fractions
	General
	Antioxidant activity
	Cell culture
	In vitro viability of HepG-2 cells
	In vitro hepatoprotective activity
	Statistical analysis
	LC/MS of active extracts

	Results and discussion
	Antioxidant activity
	In vitro hepatoprotective activity
	Metabolite profiling of active extracts
	Cleome droserifolia (Cl-AQ)
	Phenolic acid derivatives
	Flavonoids

	Artemsia annua (ART-CQ)
	Phenolic acids
	Flavonoids


	Conclusion
	Authors’ contributions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interest
	Acknowledgements
	Appendix A Supplementary data
	References


