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Decaleside  II,  a  novel  trisaccharide  isolated  from  the  edible  roots  of  Decalepis  hamiltonii,
belongs  to  a new  class  of  natural  insecticides.  We  have  evaluated  the  mammalian  safety
of Decaleside  II in the laboratory  mouse.  Our  results  on  acute  and  sub  acute  toxicity  study
suggest  that  Decaleside  II is not  toxic  to the  laboratory  mice  as  there  were  no symptoms
of  toxicity  or  mortality  up to 2400  mg/kg  bw.  Haematological  profile  was  unaltered  and
serum  profiles  of enzymes  were  not  significantly  affected.  The  lack  of toxicity  of Decaleside
ecaleside II
ammalian safety

erum  profile
,4  � linkage
igestive enzymes

is attributed  to the 1,4 �  linkage  of the sugars  which  are  easily  hydrolyzed  by  the  digestive
enzymes  such  as glucosidases.  The  selective  toxicity  to  insects  and  mammalian  safety  of
Decaleside II makes  them  highly  suitable  for  use as novel  grain  protectants  of  natural  origin.

© 2014  The  Authors.  Published  by  Elsevier  Ireland  Ltd. This  is  an  open  access  article  under
the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/3.0/).
. Introduction

Many insecticides have been replaced by modern insec-
icides due to environmental concerns and human health
azards [1,2]. Since the advent of agriculture by man, plants
ave  been used for insect pest control and grain protection.
zadirachtin, a natural insecticide from the well known
eem (Azadirachta indica) tree, is an antifeedant and insect
rowth  regulator, but not commercially successful due to
ack  of contact toxicity, but finds use mainly in integrated
est management [3]. Rotenone, from the Derris root, one

f  the earlier plant-derived insecticides, was not acceptable
complete) because of its mammalian toxicity [4]. Widely
sed  and successful synthetic pyrethroids were originally

Abbreviations: NADH, nicotinamide adenine dinucleotide – reduced;
OT, glutamic oxaloacetate transaminase; GPT, glutamate pyruvate

ransaminase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase;
AD, nicotinamide; BSA, bovine serum albumin; EDTA, ethylenediamine

etraacetic acid; D, days; h, hours; bw, body weight; LD50, lethal dose, 50%.
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derived from the flowers of Tanacetum cinerariaefolium [5].
Compounds with new mode of action are being discovered
to  deal with the problem of resistance and selectivity [6,7].

In  view of the recent revival of interest in biopesti-
cides, mammalian safety assessment of natural insectidal
compounds is of paramount importance [8]. Among the
several  biopesticides/bioactive compounds only a hand-
ful  of them been tested for their toxicity and safety viz.:
azadirachtin [9], pyrethrins [10], linalool, nictotine [11],
ryania,  Sabadilla [12], spinosad [13].

Recently we  have reported a new class of natural insec-
ticides from the edible roots of Decalepis hamiltonii named
Decalesides [14]. Decalesides (I & II) are novel trisaccha-
rides that are toxic to various insects species including
stored product insects by contact exposure and exhibit
a  unique mode of action targeting gustatory sites in the
tarsal  sensilla. Being natural trisaccharides in their chemi-
cal  nature they could serve as ideal candidates for a grain

protectant in view of their eco-friendly nature and mam-
malian safety. In this study, we have investigated the acute
and  subacute toxicity of Decaleside II, insecticide com-
pound, in the laboratory mouse.
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2. Materials and methods

2.1.  Chemicals

Tris, l-alanine, lactate dehydrogenase, 2-oxoglutarate,
nicotinamide adenine dinucleotide – reduced (NADH), �-
ketoglutarate, bovine serum albumin, ammonium molyb-
date,  ascorbic acid, and other chemicals were purchased
from Sisco Research Laboratory, Mumbai, India. Commer-
cially  available enzyme assay kits for glutamic oxaloacetate
transaminase (GOT), and Glutamate pyruvate transami-
nase (GPT) were purchased from Aspen Laboratory Pvt.
Ltd.  New Delhi, India. Drabkin’s solutions, Cyanmethe-
moglobin were purchased from Span Diagnostics Ltd. Surat,
India.

2.2.  Animals

Adult swiss albino mice bred in our animal colony
(38–42 g) were individually housed in polypropylene cages
and  provided with feed and water ad libitum.

2.3. Decaleside II

Decaleside  II, the natural insecticide was isolated and
characterised from methanolic extract of the roots of D.
hamiltonii, as described earlier [14].

2.4. Mammalian toxicity

2.4.1.  Acute toxicity
Animals  were divided into five groups of four mice each.

The  animals were administered orally with a single dose
of  Decaleside II dissolved in water (200, 800, 1600 and
2400  mg/kg bw). The control group received water only.
The  animals were under observation for one week after the
treatment.

2.4.2.  Sub acute toxicity
Adult  swiss albino mice were divided into three groups

of  six animals each. The animals were oral administered
daily with Decaleside II at 50 and 500 mg/kg bw for 7 d to
group  II and III, respectively. The control group was admin-
istered  with the water only. At the end of 7 d, the animals
were sacrificed by ether anaesthesia and blood was  col-
lected  in dry test tubes containing EDTA for haematological
analysis.

2.5. Biochemical assays

2.5.1.  Serum enzymes
Serum  GOT and GPT were assayed as per manufacture’s

protocols originally based on Bergmeyer et al. [15] and
Thomas [16], respectively. The serum alkaline phosphatase
(ALP) was assayed using p-nitrophenyl phosphate as the

substrate  [17], serum lactate dehydrogenase (LDH) was
assayed  by UV method by the reduction of NAD with lactate
as  the substrate [18]. Protein content was measured by the
method  of Lowry et al. [19] using BSA as the standard.
logy Reports 1 (2014) 969–972

2.6. Statistical analysis

The  data was  analysed using One-way Anova (analysis
of variance) using the computer programme and Statplus
2007  software.

3.  Results

3.1. Acute and sub acute toxicity

The treated animals were active, and appeared normal
and showed no signs of toxicity. There was no toxicity (data
not  shown). Food intake was not affected. Body weight
gains in the treated groups were comparable to the control
group  and were not significantly different. Organ weights of
treated  animals were also comparable to the control group
(Table  1).

3.2.  Haematology

Haemoglobin content, total erythrocyte count and leu-
cocyte  count, packed cell volume of the treated animals
were not significantly different from those of the control
group (Table 2).

3.3.  Histopathology

Histological examination of the vital organs (liver,
kidney, brain and testis) of treated mice did not show alter-
ations  indicative of toxicity. The histological profile was
similar  to that of control group (data not shown). The serum
marker  enzymes, GOT, GPT, ALP and LDH, in the treated
groups, were not significantly altered when compared to
the  control group (Table 3).

4. Discussion

Global market trend towards grain protectants is
increasingly concentrated on products derived from nat-
ural  sources. As these biopesticides/plant extracts contain
one  or more chemical compounds, the safety evaluation
becomes necessary in order to ensure safety to man.
Many of the botanicals including natural grain protectants
have not been thoroughly investigated for their mam-
malian toxicity. Some of the plant derived insecticides
such as azadirachtin, nicotine, pyrethrin, rotenone, ryania,
sabadilla, spinosads have been evaluated for the mam-
malian safety [1,4].

Natural  pyrethrins are moderately toxic to mammals
(acute oral LD50 1200 mg/kg bw to rat), but technical grade
pyrethrum was  reported to be less toxic [10]. Nicotine
is highly toxic to mammals (rat oral LD50 = 50 mg/kg bw),
and  hazardous to human health, and, therefore, banned
in  many countries [20]. Rotenone is highly toxic to mam-
mals  (rat oral LD50 = 134 mg/kg bw)  [4]. Spinosad, a recently
introduced insecticide of natural origin, shows very low
toxicity  to mammals with acute oral LD50 of 3738 mg/kg bw

to  male rats [21]. Mammalian toxicity of other natural
insecticides is variable (Table 4).

In this study, we have evaluated Decaleside II for the
mammalian safety. Our results on acute and sub acute
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Table 1
Sub  acute (multiple doses) toxicity study of oral administered of Decaleside II to male mice: organ weights.

Group Relative weight (g/100 g bw)

Liver Kidney (mean ± SD) Brain Testis

Control 1.92 ± 0.2 0.288 ± 0.04 0. 501 ± 0.05 0.147 ± 0.03
Decaleside  II treated 50 mg/kg bw 1.98 ± 0.3 0.289 ± 0.08 0.496 ± 0.05 0.145 ± 0.01
Decaleside  II treated500 mg/kg bw 1.89 ± 0.32 0.284 ± 0.03 0.483 ± 0.04 0.154 ± 0.02

The values were mean ± S.E. (n = 10) in each group.
There  was no significant different between control and treatment group in the same sex (n = 4, error bars, s.e.m.), One-way ANOVA, P < 0.001.

Table 2
Sub  acute toxicity (multiple doses) study of Decaleside II to mice: haematological profile.

Parameter Control Decaleside II treated
(50  mg/kg bw)
(Mean ± SD)

Decaleside  II treated
(500  mg/kg bw)

Haemoglobin (g/dl) 13.9 ± 2.1 14.5 ± 2.4 14.3 ± 1.9
RBC  (106/ml) 10.6 ± 0.8 10.3 ± 1.0 9.9 ± 0.6
WBC  (103/ml) 7283 ± 212 7800 ± 220 8250 ± 156
PCV  (%) 39.3 ± 3.5 40.3 ± 2.1 38.3 ± 3.2

The values were mean ± S.E. (n = 10) in each group.
There  was no significant different between control and treatment group in the same sex (n = 4, error bars, s.e.m.), One-way ANOVA, P < 0.001.

Table 3
Sub  acute toxicity of Decaleside II to mice: serum enzymes.

Serum biochemical parameter (units/L) Control Decaleside II treated
(50  mg/kg bw)
(Mean ± SD)

Decaleside II treated
(500  mg/kg bw)

GOT (U/L) 26.7 ± 1.8 24.6 ± 2.2 26.1 ± 1.9
GPT  (U/L) 16.6 ± 2.1 14.3 ± 2.6 15.2 ± 2.4
LDH  (U/L) 60.3 ± 2.1 61.1 ± 2.0 61.8 ± 3.2
ALP  (U/L) 42.3 ± 4.8 44.6 ± 3.3 45.1 ± 3.1

Glutamate oxaloacetate transaminase (GOT); glutamate pyruvate transaminase (GPT); lactate dehydrogenase (LDH); alkaline phosphate (ALP). Each bar
r nt betw
O

t
t
2
s
5
w

T
T

epresents  the value of mean ± SE, n = 6. There was no significant differe
ne-way  ANOVA, P < 0.001.

oxicity study suggest that Decaleside II is not toxic to
he  laboratory mouse. Decaleside II was not toxic up to
400  mg/kg bw in acute toxicity study. In the sub acute

tudy  the Decaleside II did not show any toxicity up to
00  mg/kg bw when orally administered for 7 days. There
ere  no histopathological alterations in the vital organs

able 4
he  mammalian toxicity of some natural insecticides [23].

Natural insecticides Mammalian
toxicity
Oral rat LD50

(mg/kg bw)

Anethole 2090
�-Asarone 275
Azadirachtin 13,000
Carvacrol 810
Cineole (1–8) 2480
Cinnamaldehyde 1160
Cuminic aldehyde 1390
Eugenol 500
Nicotine 50
Pyrethrin I and II 1200
Rotenone 350
Ryania 750
Sabadilla 5000
Spinosad 3738
een control and treatment groups in the same (n = 4, error bars, s.e.m.),

including the liver. Haematological profile was  unaltered
and  comparable to that of control mice. Serum profile of
enzymes  such as GOT, GPT, ALP and LDH was  not signifi-
cantly changed indicating lack of hepatic damage.

The tuberous roots of D. hamiltonii have been con-
sumed by man  for centuries, and there is no report of
adverse effects on human health. Earlier studies of the roots
extracts  of D. hamiltonii have shown no mammalian tox-
icity  in rats in a 90 d study [22]. Decaleside II, present in
the  roots of D. hamiltonii appears to be safe for man. Since
availability of the purified compound is limited, long-term
studies were not done. The lack of toxicity of Decalesides
is attributable to the 1,4 � linkage of the sugars which are
easily  hydrolyzed by the digestive enzymes such as glucosi-
dases  [14]. Starch and glycogen and other carbohydrates
present in food, also contain 1,4 � linkage which are broken
down by the enzymes in the body, and therefore, readily
digested. The insect selectivity and mammalian safety of
Decalesides, as shown by our studies, makes them highly
suitable for use as novel grain or seed protectants of natural
origin.
Conflict of interest

Authors  have declare that no conflict of interest.



 / Toxico

[

[

[

[

[

[

[

[

[

[

[

[

[

972 Y. Rajashekar, T. Shivanandappa

Acknowledgements

The authors wish to thank the Director of the institute
for supporting this study; the first author acknowledges the
Council  of Scientific and Industrial Research, New Delhi, for
awarding  the Senior Research Fellowship.

References

[1] F.E. Dayan, C.L. Cantrell, S.O. Duke, Natural products in crop protec-
tion,  Bioorg. Med. Chem. 17 (2009) 4022–4034.

[2]  Y. Rajashekar, H. Vijay Kumar, K.V. Ravindra, N. Bakthavatsalam, Iso-
lation  and characterization of biofumigant from leaves of Lantana
camara for control of stored grain insect pests, Ind. Crops Prod. 51
(2013)  224–248.

[3] H. Schmutterer, Properties and potential of natural pesticides from
the  neem tree, Azadirachta indica, Annu. Rev. Entomol. 35 (1990)
271–297.

[4] M.B. Isman, Botanical insecticides, deterrents and repellents in mod-
ern  agriculture and an in increasingly regulated world, Annu. Rev.
Entomol. 51 (2006) 45–56.

[5] J.E. Casida, Pyrethrum flowers and pyrethroid insecticide, Environ.
Health Perspect. 34 (1980) 189–202.

[6]  L.G. Copping, S.O. Duke, Natural products that have been used com-
mercially as crop protection agents, Pest Manage. Sci. 63 (2007)
524–554.

[7] I. Ishaaya, A. Barazani, S. Kontsedalov, R.A. Horowitz, Insecticides
with novel modes of action: mechanism, selectivity and cross-
resistance, Entomol. Res. 37 (2007) 148–162.

[8]  C.L. Kruger, S.W. Mann, Safety evaluation of functional ingredients,
Food Chem. Toxicol. 41 (6) (2003) 793–805.

[9]  R.B. Raizda, M.K. Srivastava, R.A. Kaushal, R.P. Singh, Azadirachtin,

a neem biopesticide: sub chronic toxicity assessment in rats, Food
Chem.  Toxicol. 39 (5) (2001) 477–483.

10]  R.D. Verschoyle, T.M. Barnes, Toxicity of natural and synthetic
pyrethrins to rats, Pestic. Biochem. Physiol. 2 (3) (1972) 308–
311.

[

logy Reports 1 (2014) 969–972

11] M.  Tomizawa, D.L. Lee, J.E. Casida, Neonicotinoid insecticides: molec-
ular  features conferring selectivity for insect versus mammalian
nicotinic receptors, J. Agric. Food Chem. 48 (12) (2000) 6016–6024.

12] J.E. Casida, K.A. Durkin, Neuroactive insecticides: targets, selectiv-
ity,  resistance and secondary effects, Annu. Rev. Entomol. 58 (2013)
99–117.

13]  S.A. Mansour, A.H. Mossa, T.M. Heikal, Haematoxicity of a new nat-
ural  insecticide “Spinosad” on male albino rats, Int. J. Agric. Biol. 9
(2007)  342–346.

14] Y. Rajashekar, L.J.M. Rao, T. Shivanandappa, Decaleside: a new class
of  natural insecticide targeting tarsal gustatory sites, Naturwis-
senschaften 99 (10) (2012) 843–852.

15] H.U. Bergmeyer, M.  Horder, R. Rej, Approved recommendation (1986)
on  IFCC methods for the measurement of catalytic concentration
of enzymes. Part 2. IFCC method for aspartate aminotransferase (l-
asparate:  2-oxoglutarate aminotransferase, EC 2.6.1.1), J. Clin. Chem.
Clin.  Biochem. 24 (1986) 497–510.

16] L. Thomas, Alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), in: L. Thomas (Ed.), Clinical Laboratory Diagnostics, 1st
ed.,  TH-Books Verlagsgesellschaft, Frankfurt, 1998, pp. 55–65.

17] K. Walter, C. Schutt, Alkaline phosphatase in serum, Methods Enzym.
Anal.  2 (1974) 860–864.

18] H.U. Bergmeyer, E. Bent, 2-Oxoglutarate UV spectrophotometric
determination, in: H.U. Bergmeyer (Ed.), Methods of Enzymatic Anal-
ysis,  3rd ed., Verlag Chemie, Weinheim, 1974, pp. 1577–1580.

19] O.H. Lowry, N.J. Rosenburg, A.L. Farr, R.J. Randall, Protein measure-
ment with Folin–Phenol reagent, J. Biol. Chem. 193 (1951) 265–275.

20]  M.  Tomizawa, J.E. Casida, Selective toxicity of neonicotinoids
attributable to specificity of insect and mammalian nicotinic recep-
tors,  Annu. Rev. Entomol. 48 (2003) 339–364.

21]  G.D. Thompson, R. Dutton, T.C. Sparks, Spinosad – a case study: an
example from a natural products discovery programme, Pest Man-
age.  Sci. 56 (8) (2000) 696–702.

22] Shereen, Mammalian toxicity assessment and nutraceutical proper-

ties  of the swallow root Decalepis hamiltonii (Ph.D. thesis), University
of  Mysore, 2005.

23] P. Golob, I. Gudrups, The use of spices and medicinals as bioactive
protectants for grains, FAO Agricultural Sciences Bulletin No. 137,
FAO,  Rome, 1999.

http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0005
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0010
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0015
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0020
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0025
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0030
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0035
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0040
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0045
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0050
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0055
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0060
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0065
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0070
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0075
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0080
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0085
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0090
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0095
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0100
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0105
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0110
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115
http://refhub.elsevier.com/S2214-7500(14)00002-X/sbref0115

	Mammalian safety of Decaleside II in the laboratory mouse
	1 Introduction
	2 Materials and methods
	2.1 Chemicals
	2.2 Animals
	2.3 Decaleside II
	2.4 Mammalian toxicity
	2.4.1 Acute toxicity
	2.4.2 Sub acute toxicity

	2.5 Biochemical assays
	2.5.1 Serum enzymes

	2.6 Statistical analysis

	3 Results
	3.1 Acute and sub acute toxicity
	3.2 Haematology
	3.3 Histopathology

	4 Discussion
	Conflict of interest
	Acknowledgements
	References


