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In  this  study,  we  investigated  the  effects  of  different  biotic  and  abiotic  elicitors  including  yeast  extract
(YE),  methyl  jasmonate  (MJ), AgNO3 and  sorbitol  on  biomass  and  production  of  cryptotanshinone  and
tanshinone  IIA  in adventitious  roots cultures  of  Perovskia  abrotanoides  Karel.  Elicitors  had  no  significant
effect  on  root  dry weight.  The  highest  cryptotanshinone  and  tanshinone  IIA  production  was  achieved  with
eywords:
dventitious root
ryptotanshinone
anshinone IIA
licitors
iomass

200  mg/l  YE  and 25 �M AgNO3, respectively.  YE  and  AgNO3 were  the  most  effective  elicitors  to  stimulate
the  tanshinones  production  while  the  lowest  concentration  of  MJ, only  moderately  promoted  tanshinone
accumulation.  Sorbitol  was  almost  ineffective  in enhancing  tanshinone  content.  Cryptotanshinone  for-
mation  was stimulated  more  significantly  by elicitation  than  tanshinone  IIA.  The results  suggested  that
elicitors  have  the ability  to stimulate  tanshinone  content  in adventitious  roots  culture  of P. abrotanoides.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Perovskia abrotanoides Karel., a member of the Lamiaceae fam-
ly, is a traditional medicinal plant, growing in various regions
f Iran. The roots of this little known medicinal plant are
ainly used for the treatment of leishmaniasis in Iranian folk
edicine (Jaafari et al., 2007). There are only few scientific

eports about P. abrotanoides. Some of them are implicated to
he pharmacological effects such as leishmanicidal, antiplasmodial,
ntinociceptive, anti-inflammatory, antibacterial, and cytotoxic
ffects (Hosseinzadeh and Amel, 2001; Nassiri Asl et al., 2002). It has
een reported that tanshinones are the most abundant and impor-
ant bioactive compounds in the roots of this species (Sairafianpour
t al., 2001).

Tanshinones, abietane-type norditerpenoid quinones, have
een shown to exhibit diverse pharmacological activities, including

ntibacterial (Lee et al., 1999), antioxidant (Cao et al., 1996), anti-
iabetes (Kim et al., 2007), anti-cancer (Wang et al., 2005; Liu et al.,
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926-6690/© 2015 Elsevier B.V. All rights reserved.
2009; Chiu and Su, 2010; Pan et al., 2010) and anti-inflammatory
(Jang et al., 2003) activity.

Since the roots of P. abrotanoides contain therapeutically appli-
cable tanshinones, the mass cultivation of roots in vitro could be
an effective technique for the large-scale production of these valu-
able secondary metabolites. For the commercial production of some
secondary metabolites, field-grown plant material has generally
been used but the quality of these products can be highly affected
by various biotic and abiotic factors (Sivanandhan et al., 2012).
Besides, field cultivation is a time consuming and labor intensive
process, so the use of plant cell, tissue, and organ cultures has been
acknowledged as a potential alternative source for the more effi-
cient production of valuable secondary metabolites (Zhang et al.,
2012; Jeong et al., 2006; Yu et al., 2005). Among these, root cultures
are percieved as an effective means of biomass production because
they grow fast, are easy to handle and show stable metabolite pro-
ductivity (Subotic et al., 2009; Kang et al., 2004; Yu et al., 2002).
Furthermore, the large-scale harvesting of roots of naturally grow-
ing medicinal plants to meet the demand for secondary metabolites
has in turn exerted great pressure on the existence of many plant
species (Martin et al., 2008). So, the development of a fast grow-

ing root culture system would offer unique opportunities for the
production of root drugs in vitro, independent of field cultivation
(Wasnik et al., 2009).

dx.doi.org/10.1016/j.indcrop.2015.01.015
http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
http://crossmark.crossref.org/dialog/?doi=10.1016/j.indcrop.2015.01.015&domain=pdf
mailto:christoph.wawrosch@univie.ac.at
dx.doi.org/10.1016/j.indcrop.2015.01.015
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Fig. 1. Molecular structures of two  tanshinones in P. abrotanoides roots.

Adventitious roots are post-embryonic roots that can arise from
he stem and leaves and from non-pericyclic tissues in old roots (Li
t al., 2009). These roots are natural, grow fast in phytohormone
upplemented medium with a high rate of proliferation and show
emarkable potentialities of secondary metabolites accumulation
Wasnik et al., 2009; Martin et al., 2008; Murthy et al., 2008).

There are different approaches to improve the yield of secondary
roducts in in vitro cultures, some of which, using biotic and abi-
tic elicitors, have been well established for the stimulation of a
iverse range of secondary metabolite production (Baskaran et al.,
012; Yu et al., 2005). Treatment with elicitors is one of the most
ffective strategies for improving secondary metabolite produc-
ion in plant tissue cultures, and has recently found commercial
pplication (Sivanandhan et al., 2012; Zhao et al., 2010; Smetanska
008; Wu  and Shi, 2008; Baskaran et al., 2012). Recent studies have
hown that a wide range of elicitors can modify plant metabolism
nd result in elevated production of some secondary compounds,
s well as accumulation of chemicals that would not usually be
ynthesized in the source plant (Cui et al., 2012; Baskaran et al.,
012).

To the best of our knowledge, no reports are available about the
ffects of elicitors on growth and tanshinone production in in vitro
ultures of P. abrotanoides. In this study, we have established for the
rst time adventitious root culture of P. abrotanoides and investi-
ated the effects of some elicitors on root growth and production of
anshinone IIA and cryptotanshinone (Fig. 1). Moreover, this is the
rst report on the quantitative determination of these metabolites

n whole plant roots.

. Materials and methods

.1. Plant material

Mature seeds of P. abrotanoides were collected from wild grown
lants in Khorasan-e Razavi Province, Iran. The plants were iden-
ified at the Research Center of Plant Science, Ferdowsi University
f Mashhad, Mashhad, Iran (Voucher Sample Number: 39299). The
eeds were surface sterilized with 70% (V/V) ethanol for 30 s and
0% sodium hypochlorite (V/V) for 5 min. Then, they were washed

 times with sterilized water. Seed germination was carried out in
istilled water. The seeds germinated after 4–6 days. Subsequently,
ne week old seedlings were transferred to Hoagland medium
Hoagland and Arnon, 1950). The plants were grown in a culture
oom under a 16 h photoperiod, (45 �mol  m−2 s−2 irradiance level)
nd 25 ± 1 ◦C.

.2. Adventitious root induction
Young leaves from 3-month-old hydroponically cultured plants
ere used as explants. The explants were surface sterilized
ith 70% (V/V) ethanol for 30 s and 20% sodium hypochlorite

V/V) for 5 min. Then, they were washed 4 times with sterilized
 Products 67 (2015) 97–102

water. Explants were inoculated on Murashige and Skoog (MS)
medium (Murashige and Skoog, 1962) supplemented with 2 mg/l
1-Naphthaleneacetic acid (NAA), 3% sucrose and 7 g/l agar (Zaker
et al., 2013). The pH of the medium was adjusted to 5.8 ± 0.1 prior
to autoclaving at 1.2 kg/cm2 and 121 ◦C for 20 min. The cultures
were maintained at 25 ± 1 ◦C under dark conditions for 3 weeks.
Adventitious root formation started after 2 weeks. Two  grams of
adventitious roots were subsequently transferred to 250 ml  flasks
with 75 ml  liquid MS  medium supplemented with 2 mg/l NAA,
and kept in the dark on a rotary shaker (80 rpm) at 25 ± 1 ◦C with
regular subcultures every 3 weeks into the same medium for mul-
tiplication. Five months old roots were used for the elicitation
experiments.

2.3. Elicitor preparation

The elicitor types and concentrations were selected with respect
to the references about tanshinone production in in vitro cultures
(cell suspension and hairy root cultures) of Salvia miltiorrhiza, a
well-known Chinese medicinal plant (Zhao et al., 2010; Wu and
Shi, 2008; Shi et al., 2007; Ge and Wu,  2005; Yan et al., 2005). Four
elicitors were tested at 3 concentrations each, including AgNO3 (5,
25, and 50 �M),  sorbitol (5, 25, and 50 g/l), yeast extract (YE; 50,
100, and 200 mg/l) and methyl jasmonate (MJ; 10, 50, and 100 �M).
Stock solutions of AgNO3 and sorbitol were prepared by dissolving
them in deionized water. A YE carbohydrate fraction was  prepared
from yeast extract (Sigma) by ethanol precipitation as described by
Hahn and Albersheim (1978). Briefly, YE was dissolved in distilled
water (50 g/250 ml)  and ethanol was added to a final concentration
of 80% (V/V). The mixture was allowed to precipitate for 4 days at
4 ◦C in a refrigerator. The precipitate was  then redissolved in 250 ml
distilled water and subjected to another round of ethanol precipita-
tion. The final gummy  precipitate was dissolved in distilled water,
stored at 4 ◦C and used as stock solution. MJ  was dissolved in 96%
ethanol. All elicitors were sterilized by filtering through a microfil-
ter (0.2 �m).

2.4. Elicitor treatment

Two grams of adventitious roots were subcultured into a 250 ml
flasks containing 75 ml  liquid MS  medium supplemented with
2 mg/l NAA and grown on a rotary shaker at 80 rpm and 25 ± 1 ◦C in
dark. For elicitation, various concentrations of elicitors were added
to 21-day-old root cultures. The same amount of water or ethanol
was added to the control cultures. Adventitious roots were har-
vested 7 days after elicitor treatment.

2.5. Determination of root growth

Controls and elicited cultures were harvested after four weeks of
cultivation. The roots were separated from the culture medium and
the fresh weight was recorded after rinsing with distilled water and
blotting dry with tissue paper. The adventitious roots dry weight
was determined after drying in a freeze dryer.

2.6. Extraction and HPLC analysis of tanshinones

Freeze dried adventitious roots were ground into fine pow-
der. Roots of wild growing plants were dried at room temperature
under dark conditions and also crushed to powder. Tanshinones
were extracted with methanol (500 mg  root material/30 ml  sol-
vent) by sonication for 60 min  at room temperature. The extract

was then filtered through Whatman No.1 filter paper. After evap-
orating the solvent, the remaining residue was redissolved in 1 ml
methanol and centrifuged at 5000 rpm for 5 min. The supernatant
was used for HPLC analysis. Tanshinone content in the methanolic
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Table  1
Effects of different elicitors on adventitious root growth of P. abrotanoides Karel.

Treatment Dry weight (g) Fresh weight (g)

Control 1 0.944 ± 0.037a 13.898 ± 0.176406ab

Control 2 0.888 ± 0.218a 12.976 ± 1.562404ab

MJ  10 �M 0.845 ± 0.068a 14.207 ± 0.923474ab

MJ  50 �M 0.564 ± 0.284a 12.865 ± 2.743450ab

MJ  100 �M 0.787 ± 0.237a 16.064 ± 3.136722ab

Ag+ 5 �M 1.377 ± 0.602a 17.085 ± 2.236462a

Ag+ 25 �M 0.707 ± 0.064a 12.179 ± 0.842439ab

Ag+ 50 �M 0.576 ± 0.028a 10.655 ± 0.192905b

YE 50 mg/l 0.759 ± 0.052a 16.887 ± 2.619101a

YE 100 mg/l 0.938 ± 0.179a 13.486 ± 1.382542ab

YE 200 mg/l 0.960 ± 0.288a 12.014 ± 1.034016ab

Sorbitol 5 g/l 1.050 ± 0.248a 15.298 ± 1.451444ab

Sorbitol 25 g/l 0.965 ± 0.057a 13.928 ± 0.406589ab

Sorbitol 50 g/l 1.291 ± 0.272a 15.574 ± 2.255194ab

Each value represents mean ± S.E. of four replicates. Within a column, means fol-
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Table 2
Effect of different concentrations of various elicitors on CT and Tan IIA accumulation
in  P. abrotanoides adventitious root culture.

Treatment CT content (�g/g DW)  Tan IIA content (�g/g DW)

Control 1 122.06 ± 0.4g 6.79 ± 0.18de

Control 2 192.99 ± 0.33d–g 6.73 ± 0.14de

Ag+ 5 �M 283.79 ± 0.91c–e 11.38 ± 0.24b

Ag+ 25 �M 363.93 ± 3.59bc 12.98 ± 0.38bc

Ag+ 50 �M 361.20 ± 0.84bc 9.99 ± 0.24bcd

Sorbitol 5 g/l 114.08 ± 1.02g 5.10 ± 0.026e

Sorbitol 25 g/l 178.14 ± 0.10fg 5.54 ± 0.097e

Sorbitol 50 g/l 226.18 ± 1.67d–f 4.87 ± 0.11e

YE 50 mg/l 198.50 ± 0.75d–g 5.84 ± 0.15e

YE 100 mg/l 330.43 ± 1.29c 8.29 ± 0.188cde

YE 200 mg/l 443.62 ± 16.33b 8.76 ± 0.739cde

MJ  10 �M 283.65 ± 0.181c–e 7.25 ± 0.16de

MJ  50 �M 182.82 ± 0.60d–g 5.72 ± 0.45e

MJ  100 �M 181.46 ± 2.63d–g 5.44 ± 0.14e

Wild growing plants 801.20 ± 120.65a 30.67 ± 4.57a

Each value represents mean ± S.E. of three replicates. Within a column, means

owed by the same letter are not significantly different (p = 0.05) according to
uncan’s Multiple Range Test. Control 1, untreated roots; control 2, ethanol-treated

oots.

xtract solution was determined with an analytical HPLC system
Shimadzu, SIL-10AD VP Auto Injector), equipped with an auto
ampler, 250 × 4 mm C18 column (5 �m particle size) and a PDA
etector operating at a wavelength of 254 nm.  The mobile phase
as a mixture of acetonitrile and water eluted gradiantly from

0:80 V/V to 95:5 V/V, at a flow rate of 1 ml  min−1. The injection
olume was 10 �l. Tanshinone IIA and Cryptotanshinone (Fig. 1)
ere detected and quantified with authentic standards obtained

rom Sigma. The tanshinones concentrations were calculated using
 calibration curve compared with the standards.

.7. Statistical analysis

All experiments were carried out in a completely randomized
esign. Statistical analyses were performed using Statistica soft-
are version 10. Data were subjected to Duncan’s Multiple Range

est and reported as means ± standard error (S.E.). A probability of
 ≤ 0.05 was considered to be significant.

. Results

.1. Effects of various elicitors on adventitious root growth

Table 1 shows the effect of elicitor treatments on dry and fresh
eight of adventitious roots of P. abrotanoides. As seen from the

able, elicitor treatments did not affect root dry weight. Adven-
itious root fresh weight significantly increased at 5 �M Ag+ and
0 mg/l YE concentrations. The highest root dry and fresh weights
ere found in the medium supplemented with 5 �M Ag+ (1.377 and

7.085 g, respectively). All roots produced in culture media supple-
ented with different amounts of various elicitors were normal,

ealthy and similar in appearance.

.2. Effects of elicitor treatments on cryptotanshinone (CT)
ontent

Adventitious roots of P. abrotanoides could be easily induced
nd showed fast growth in liquid culture medium. Our results indi-
ate that elicitation increased CT content in adventitious roots, as
emonstrated in Table 2. Maximum CT accumulation (443.62 �g/g
W)  was achieved with the addition of 200 mg/l YE. The content

f CT in this treatment was 3.6 fold higher than that of the con-
rols. However, no significant difference in CT concentration was
bserved between this treatments and adventitious roots treated
ith 25 or 50 �M Ag+. The application of Ag+, led to a significant
followed by the same letter are not significantly different (p = 0.05) according to
Duncan’s Multiple Range Test. Control 1, untreated roots; control 2, ethanol-treated
roots.

increase of CT accumulation at all concentrations tested, as com-
pared to the control culture.

The roots treated with 5 g/l sorbitol had the lowest CT con-
tent (114.08 �g/g DW), which was  not significantly different to
the CT content in the control. Among the different MJ  concentra-
tions tested, only the lowest concentration (10 �M MJ), resulted
in enhanced production of CT when compared to the control. The
effect of MJ  at this concentration was  stronger than sorbitol treat-
ments, but weaker than high concentrations of Ag+ and YE.

Sorbitol at 5 and 25 g/l, MJ  at 50 and 100 �M and YE at 50 mg/l
concentrations failed to increase the CT content. In summary, the
higher concentrations of YE (100 and 200 mg/l) and Ag+ (25 and
50 �M)  were the most effective elicitors to stimulate CT production
in P. abrotanoides root cultures. Fig. 2 shows HPLC chromatograms
of the extracts from adventitious roots (a–c) and roots of wild
grown plants (d).

3.3. Effects of elicitor treatments on tanshinone IIA (Tan IIA)
content

Ag+ at all tested concentrations enhanced the Tan IIA content
significantly. This elicitor had a dose-dependent stimulating effect
on tanshinone production (Table 2). The highest concentration of
Tan IIA (12.98 �g/g DW)  was  measured in roots treated with 25 �M
Ag+, about two  fold higher than that of the control (6.79 �g/g DW).

Yeast extract at higher concentrations (100 and 200 mg/l)
increased Tan IIA accumulation up to 1.3 times compared to the
control.

The results indicate that Tan IIA content of adventitious roots
treated with 50 or 100 �M MJ  was considerably decreased. At a con-
centration of 10 �M MJ,  Tan IIA production was  similar to that in
the control roots. Sorbitol treatments reduced Tan IIA accumula-
tion significantly. Briefly, among the elicitors tested, Ag+ was  the
most effective elicitor for Tan IIA production in P. abrotanoides root
culture.

In summary, Ag+ and YE elicitors stimulated tanshinone produc-
tion in adventitious root culture of P. abrotanoides and CT formation
was stimulated more significantly than that of Tan IIA.

4. Discussion
Roots play vital roles in whole plant growth and crop produc-
tion. They also are sources of secondary metabolites, especially in
plants producing pharmaceutical substances in their roots. In these
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Fig. 2. HPLC profiles of cryptotanshinone and tanshinone IIA in P. abrotanoides
adventitious roots and roots of wild grown plants. Control culture (a), culture treated
with 25 �M Ag+(b), culture treated with 200 mg/l YE (c) and root extract of wild
grown plants (d). Peaks 1 and 2 represent cryptotanshinone and tanshinone IIA,
respectively.
 Products 67 (2015) 97–102

cases, mass production of roots including adventitious roots can
be an alternative way to produce secondary metabolites (Martin
et al., 2008). In the present study, adventitious root cultures in liq-
uid medium supplemented with different elicitors were examined
for root growth and tanshinone production.

Our experimental results showed that tanshinone accumulation
in P. abrotanoides adventitious roots can be increased by both biotic
and abiotic elicitors. In our study, elicitation did not significantly
affect root dry weight. Other investigations also reported that var-
ious elicitors did not influence biomass production in root cultures
of some plant species such as Brugmansia candida (Pitta-Alvarez
et al., 2000), Coleus forkohlii (Li et al., 2005), Gloriosa superba (Ghosh
et al., 2006), Hypericum niger (Hong et al., 2012) or Angelica gigas
(Rhee et al., 2010).

Sorbitol is widely used as osmoticum in plant cell and tissue
cultures and can have a positive effect on secondary metabolite pro-
duction (Hong et al., 2012). Our results indicate that high osmotic
pressure in the medium, as induced by sorbitol, had a slight enhanc-
ing effect on root growth. Similar results indicating a positive effect
of sorbitol on biomass production and tanshinone accumulation
were reported by Shi et al. (2007) and Wu  and Shi (2008). How-
ever, sorbitol as an osmotic agent did not significantly stimulate
tanshinone production in cell cultures of S. miltiorrhiza.  This indi-
cates that elicitor functions for a given metabolite can vary with
the type of culture system (Zhao et al., 2010).

In this investigation, YE treatment resulted in enhanced
biomass and tanshinone accumulation in adventitious roots of P.
abrotanoides, particularly at the highest concentration of 200 mg/l.
YE had a dose-dependent increasing effect on biomass and tanshi-
none production, stronger at 200 mg/l than at other concentrations.
Similarly, tanshinone production in hairy root and cell cultures of
S. miltiorrhiza was also stimulated significantly by YE (Zhao et al.,
2010; Chen et al., 2001; Wu and Shi, 2008; Shi et al., 2007; Yan et al.,
2005). Besides, YE elicitation promoted CT accumulation more than
the formation of Tan IIA. YE is one of the most commonly used biotic
elicitors to stimulate production of various secondary metabolites
such as plumbagin in Drosera indica (Thaweesak et al., 2011), scopo-
lamine and hyoscyamine in Atropa belladonna hairy root culture
(Eskandari et al., 2012) and decursinol angelate in A. gigas Nakai root
culture (Rhee et al., 2010). YE is composed of various substances
including amino acids, vitamins and minerals. It is possible that the
stimulating effect of this elicitor on secondary metabolites produc-
tion may  be due to the content of cations including Ca, Zn, and Co
(Eskandari et al., 2012). YE-induced accumulation of tanshinones
is mainly derived from a non-mevalonate pathway, involving 1-
deoxy-d-xylulose-5-phosphate synthase (DXS) (Ge and Wu  2005).

Metal ions also influence secondary metabolite production.
The present study demonstrated that addition of Ag+ greatly
improved the accumulation of CT and Tan IIA in P. abrotanoides
adventitious root cultures. This observation is in agreement with
results of Zhao et al. (2010) and Ge and Wu (2005). Ge and Wu
(2005), found that Ag-stimulated production of tanshinones in
hairy root culture of S. miltiorrhiza can be dependent on both
mevalonate and non-mevalonate pathways, due to induction of
key enzymes. Pitta-Alvarez and co-workers reported similar results
about the overproduction of two  tropane alkaloids, scopolamine
and hyoscyamine, in hairy root culture of B. candida (Pitta-Alvarez
et al., 2000). Similar results were also achieved for the production
of lettucenin A in Lactuca sativa (Ong, 2009).

MJ  showed only a moderate and insignificant stimulating effect
on tanshinone accumulation in adventitious root culture of P.
abrotanoides. Except for 10 �M MJ,  different concentrations of MJ

did not improve the production of CT. However, addition of 50 and
100 �M MJ  exhibited a negative effect on root growth and Tan IIA
production. These results are in accordance with Zhao et al. (2010)
about S. miltiorrhiza cell cultures. Jasmonates are signal molecules
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nd plant regulators that mediate various developmental processes
nd induce plant defense responses to pathogens and insects (Chen
t al., 2007; Yu et al., 2002; Rhee et al., 2010). In particular, exoge-
ous application of MJ  as an elicitor can be effective to stimulate
he production of various secondary metabolites belonging to dif-
erent structural groups in plant cell and tissue cultures (Yoo et al.,
011; Zhao et al., 2010; Rhee et al., 2010), including the formation
f decursinol angelate in A. gigas root culture (Rhee et al., 2010), gin-
enosides in Panax ginseng hairy root and adventitious root culture
Yu et al., 2002; Hong et al., 2012), podophyllotoxin in Podophyl-
um peltatum adventitious root and cell cultures (Anbazhagan et al.,
008), saikosaponins in Bupleurum kaoi adventitious root culture
Chen et al., 2007) and hyoscyamine and scopolamine in A. bel-
adonna hairy root culture (Eskandari et al., 2012).

. Conclusion

In conclusion, we established an adventitious root culture sys-
em for P. abrotanoides. The present study demonstrated that
ifferent elicitors had different effects on tanshinone accumulation

n P. abrotanoides adventitious root cultures. YE and Ag+ have been
hown to be the most effective elicitors for stimulating tanshinone
roduction. Cryptotanshinone was more responsive to elicitors and

ncreased more significantly in content than Tan IIA. Therefore this
n vitro system can be an efficient tool and alternative source for
he production of these pharmacologically important metabolites.

cknowledgments

Financial support by the Department of Pharmacognosy, Univer-
ity of Vienna, is gratefully acknowledged. This work was supported
n part by a research grant funded by Ferdowsi University of Mash-
ad (No. 19663) for the plant physiology PhD thesis.

eferences

nbazhagan, V.R., Ahn, C.H., Harada, E., Kim, Y.S., 2008. Podophyllotoxin
production via cell and adventitious root culture of Podophyllum peltatum. In
Vitro Cell Dev. Biol. Plant 44, 494–501.

askaran, P., Ncube, B., Staden, J.V., 2012. In vitro propagation and secondary
product production by Merwilla plumbea (Lindl.) Speta. Plant Growth Regul. 67,
235–245.

ao, E.N., Liu, X.Q., Wang, J.J., Xu, N.F., 1996. Effect of natural antioxidant
tanshinone II-A on DNA damage by lipid peroxidation in liver cells. Free
Radical Biol. Med. 20, 801–806.

hen, H., Chen, F., Chiu, F.C.K., Lo, C.M.Y., 2001. The effect of yeast elicitor on the
growth and secondary metabolism of hairy root cultures of Salvia miltiorrhiza.
Enzyme Microb. Technol. 28, 100–105.

hen, L.R., Chen, Y.J., Lee, C.Y., Lin, T.Y., 2007. MeJA-induced transcriptional
changes in adventitious roots of Bupleurum kaoi. Plant Sci. 173, 12–24.

hiu, T.L., Su, C.C., 2010. Tanshinone IIA induces apoptosis in human lung cancer
A549 cells through the induction of reactive oxygen species and decreasing the
mitochondrial membrane potential. Int. J. Mol. Med. 25, 231–236.

ui, L., Wang, Z.Y., Zhou, X.H., 2012. Optimization of elicitors and precursors to
enhance valtrate production in adventitious roots of Valeriana amurensis Smir.
ex  Kom. Plant Cell Tissue Organ Cult. 108, 411–420.

skandari, S.A., Piri, K.H., Kayhanfar, M.,  Hasanloo, T., 2012. Influence of jasmonic
acids: yeast extract and salicylic acid on growth and accumulation of
hyoscyamine and scopolamine in hairy root cultures of Atropa belladonna L. Int.
J.  Agric. Res. Rev. 2, 403–409.

e, X., Wu,  J., 2005. Tanshinone production and isoprenoid pathways in Salvia
miltiorrhiza hairy roots induced by Ag+ and yeast elicitor. Plant Sci. 168,
487–491.

hosh, S., Ghosh, B., Jha, S., 2006. Aluminium chloride enhances colchicine
production in root cultures of Gloriosa superba. Biotechnol. Lett. 28, 497–503.

ahn, M.,  Albersheim, P., 1978. Host–pathogen interactions. Plant Physiol. 62,
107–111.

oagland, D.R., Arnon, D.I., 1950. The water-culture method for growing plants
without soil. Calif. Agric. Exp. St. Circ. 347, 1–32.
ong, M.L.K., Bhatta, A., Ping, N.S., Keng, C.L., 2012. Detection of elicitation effect
on  Hyoscyamus niger L. root culture for the root growth and production of
tropane alkaloids. Rom. Biotechnol. Lett. 17, 7340–7351.

osseinzadeh, H., Amel, S., 2001. Antinociceptive effects of the aerial parts of
Perovskia abrotanoides extracts in mice. Med. J. Irn. Hosp. 4, 15–17.
 Products 67 (2015) 97–102 101

Jaafari, M.R., Hooshmand, S., Samiei, A., Hosseinzadeh, H., 2007. Evaluation of
lishmanicidal effects of Perovskia abrotanoides Karel. root extract by in vitro
lishmanicidal assay using promastigotes of Lishmania major.
Pharmacologyonline 1, 299–303.

Jang, S.I., Jeong, S.I., Kim, K.J., Kim, H.J., Yu, H.H., Park, R., You, Y.O., 2003.
Tanshinone IIA from Salvia miltiorrhiza inhibits expression of inducible nitric
oxide synthase and production of TNF-� IL-1� and IL- 6 in activated RAW
264.7 cells. Planta Med. 69, 1057–1059.

Jeong, C.S., Chakrabarty, D., Hahn, E.J., Lee, H.L., Paek, K.Y., 2006. Effects of oxygen:
carbon dioxide and ethylene on growth and bioactive compound production in
bioreactor culture of ginseng adventitious roots. Biochem. Eng. J. 27, 252–263.

Kang, S.M., Jung, H.Y., Kang, Y.M., Yun, D.J., Bahk, J.D., Yang, J.K., Choi, M.S., 2004.
Effects of methyl jasmonate and salicylic acid on the production of tropane
alkaloids and the expression of PMT and H6H in adventitious root cultures of
Scopolia parviflora. Plant Sci. 166, 745–751.

Kim, E.J., Jung, S.N., Son, K.H., Kim, S.R., Ha, T.Y., Park, M.G., Jo, I.G., Park, J.G., Choe,
W.,  Kim, S.S., Ha, J., 2007. Antidiabetes and antiobesity effect of
cryptotanshinone via activation of AMP-activated protein kinase. Mol.
Pharmacol. 72, 62–72.

Lee, D.S., Lee, S.H., Noh, J.G., Hong, S.D., 1999. Antibacterial activities of
cryptotanshinone and dihydrotanshinone I from a medicinal herb, Salviae
Miltiorrhizae Bunge. Biosci. Biotechnol. Biochem. 63, 2236–2239.

Li, W.,  Koike, K., Asada, Y., Yoshikava, T., Nikaido, T., 2005. Rosmarinic acid
production by Coleus forskohlii hairy root cultures. Plant Cell Tissue Organ Cult.
80,  151–155.

Li, S.W., Xue, L., Xu, S., Feng, H., An, L., 2009. Hydrogen peroxide acts as a signal
molecule in the adventitious root formation of mung bean seedlings. Environ.
Exp. Bot. 65, 63–71.

Liu, J.J., Zhang, Y., Lin, D.J., Xiao, R.Z., 2009. Tanshinone IIA inhibits leukemia THP-1
cell growth by induction of apoptosis. Oncol. Rep. 21, 1075–1081.

Martin, K.P., Zhang, C.L., Hembrom, M.E., Slater, A., Madassery, J., 2008.
Adventitious root induction in Ophiorrhiza prostrata: a tool for the production
of  camptothecin (an anticancer drug) and rapid propagation. Plant Biotechnol.
Rep. 2, 163–169.

Murashige, T., Skoog, F., 1962. A revised medium for rapid growth and bioassay
with tobacco tissue cultures. Physiol. Plant 15, 473–479.

Murthy, H.N., Hahn, E.J., Paek, K.Y., 2008. Adventitious roots and secondary
metabolism. Chin. J. Biotechnol. 24, 711–716.

Nassiri Asl, M.,  Parvardeh, S., Niapour, M.,  Hosseinzadeh, H., 2002. Antinociceptive
and anti-inflammatory effects of Perovskia abrotanoides aerial part extract in
mice and rats. J. Med. Plants 3, 25–33.

Ong, W.D., 2009. Aging effect to accumulation of lettucenin A in lettuce after
elicitation with various abiotic elicitors. Mod. Appl. Sci. 3, 66–70.

Pan, T.L., Hung, Y.C., Wang, P.W., Chen, S.T., Hsu, T.K., Sintupisut, N., Cheng, C.S.,
Lyu,  P.C., 2010. Functional proteomic and structural insights into molecular
targets related to the growth inhibitory effect of tanshinone IIA on HeLa cells.
Proteomics 10, 914–929.

Pitta-Alvarez, S.I., Spollansky, T.C., Giulietti, A.M., 2000. The influence of different
biotic and abiotic elicitors on the production and profile of tropane alkaloids in
hairy root cultures of Brugmansia candida. Enzyme Microb. Technol. 26,
252–258.

Rhee, H.S., Cho, H.Y., Son, S.Y., Yoon, S.Y.H., Park, J.M., 2010. Enhanced accumulation
of  decursin and decursinol angelate in root cultures and intact roots of Angelica
gigas Nakai following elicitation. Plant Cell Tissue Organ Cult. 101, 295–302.

Sairafianpour, M.,  Christensen, J., Staerk, D., Budnik, B.A., Kharazmi, A.,
Bagherzadeh, K., Jaroszewski, G.W., 2001. Leishmanicidal, antiplasmodial, and
cytotoxic activity of novel diterpenoid 1,2-quinones from Perovskia
abrotanoides:  new source of tanshinones. J. Nat. Prod. 64, 1398–1403.

Shi, M.,  Kwok, K.W., Wu,  J.Y., 2007. Enhancement of tanshinone production in
Salvia miltiorrhiza Bunge (red or Chinese sage) hairy-root culture by
hyperosmotic stress and yeast elicitor. Biotechnol. Appl. Biochem. 46,
191–196.

Sivanandhan, G., Arun, M.,  Mayavan, S., Rajesh, M.,  Mariashibu, T.S.,
Manickavasagam, M.,  Selvaraj, N., Ganapathi, A., 2012. Chitosan enhances
withanolides production in adventitious root cultures of Withania somnifera
(L.).  Dunal. Ind. Crop Prod. 37, 124–129.

Smetanska, I., 2008. Production of secondary metabolites using plant cell cultures.
Adv. Biochem. Eng. Biotechnol. 111, 187–228.

Subotic, A., Jevremovic, S., Grubisic, D., 2009. Influence of cytokinins on in vitro
morphogenesis in root cultures of Centaurium erythraea – valuable medicinal
plant. Sci. Hortic. 120, 386–390.

Thaweesak, J., Seiichi, S., Hiroyuki, T., Waraporn, P., 2011. Elicitation effect on
production of plumbagin in in vitro culture of Drosera indica L. J. Med. Plants
Res. 5, 4949–4953.

Wang, X.J., Wei, Y.Q., Yuan, S.L., Liu, G.J., Lu, Y.R., Zhang, J., Wang, W.D., 2005.
Potential anticancer activity of tanshinone IIA against human breast cancer.
Int. J. Cancer 116, 799–807.

Wasnik, N.G., Muthusamy, M.,  Chellappan, S., Vaidhyanathan, V., Pulla, R., Senthil,
K.,  Yang, D.C., 2009. Establishment of in vitro root cultures and analysis of
secondary metabolites in Indian Ginseng – Withania somnifera.  Korean J. Plant
Res. 22, 584–591.
Wu,  J.Y., Shi, M.,  2008. Ultrahigh diterpenoid tanshinone production through
repeated osmotic stress and elicitor stimulation in fed-batch culture of Salvia
miltiorrhiza hairy roots. Appl. Microb. Biotechnol. 78, 441–448.

Yan, Q., Hu, Z., Tan, R.X., Wu,  J., 2005. Efficient production and recovery of
diterpenoid tanshinones in Salvia miltiorrhiza hairy root culture with in situ

http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0005
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0010
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0015
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0020
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0025
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0030
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0035
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0040
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0045
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0050
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0055
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0060
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0065
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0070
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0075
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0080
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0085
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0090
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0095
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0100
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0105
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0110
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0115
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0120
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0125
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0130
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0135
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0140
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0145
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0150
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0155
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0160
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0165
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0170
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0175
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0180
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0185
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0190
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0195
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0200
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205


1 ps and

Y

Y

Y

exogenous hormones on growth and periplocin accumulation in adventitious
roots of Periploca sepium Bunge. Acta Physiol. Plant 34, 1345–1351.

Zhao, J.L., Zhou, L.G., Wu,  J.Y., 2010. Effects of biotic and abiotic elicitors on cell
02 A. Zaker et al. / Industrial Cro

adsorption, elicitation and semi-continous operation. J. Biotechnol. 119,
416–424.

oo, N.H., Kim, O.T., Kim, J.B., Kim, S.H., Kim, Y.C., Bang, K.H., Hyun, D.Y., Cha, S.W.,
Kim, M.Y., Wang, B.H., 2011. Enhancement of centelloside production from
cultured plants of Centella asiatica by combination of thidiazuron and methyl
jasmonate. Plant Biotechnol. Rep. 5, 283–287.

u, K.W., Murthy, H.N., Jeong, C.S., Hahn, E.J., Paek, K.Y., 2005. Organic germanium

stimulates the growth of ginseng adventitious roots and ginsenoside
production. Process Biochem. 40, 2959–2961.

u, K.W., Gaob, W.,  Hahna, E.J., Paek, K.Y., 2002. Jasmonic acid improves
ginsenoside accumulation in adventitious root culture of Panax ginseng C.A.
Meyer. Biochem. Eng. J. 11, 211–215.
 Products 67 (2015) 97–102

Zaker, A., Abrishamchi, P., Asili, J., Mousavi, S.H., 2013. Induction of callogenesis
and  rhizogenesis in Perovskia abrotanoides Karel., a little known medicinal
plant. J. Med. Plants Res. 7, 3385–3392.

Zhang, J., Gao, W.Y., Wang, J., Li, X.L., 2012. Effects of sucrose concentration and
growth and tanshinone accumulation in Salvia miltiorrhiza cell culture. Appl.
Microb. Biotechnol. 87, 137–144.

http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0205
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0210
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0215
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0220
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0225
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0230
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235
http://refhub.elsevier.com/S0926-6690(15)00017-5/sbref0235

	Effects of some elicitors on tanshinone production in adventitious root cultures of Perovskia abrotanoides Karel
	1 Introduction
	2 Materials and methods
	2.1 Plant material
	2.2 Adventitious root induction
	2.3 Elicitor preparation
	2.4 Elicitor treatment
	2.5 Determination of root growth
	2.6 Extraction and HPLC analysis of tanshinones
	2.7 Statistical analysis

	3 Results
	3.1 Effects of various elicitors on adventitious root growth
	3.2 Effects of elicitor treatments on cryptotanshinone (CT) content
	3.3 Effects of elicitor treatments on tanshinone IIA (Tan IIA) content

	4 Discussion
	5 Conclusion
	Acknowledgments
	References


