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Human placental extract constitutes of innumerable therapeutically important components mostly used
in wound healing arising from the skin and burn injuries. However, there is still some bioactive present
in the placental extracts yet to be characterized to better under the complex process of wound healing
mediated by the placental extract. In this study, the presence of corticotropin releasing factor (CRF) in an
aqueous extract of human placenta was detected and quantified by dot blot and CRF-ELISA immunoassay
kit respectively. Subsequently, it was purified by immuno-affinity chromatography and quantified as
0.45 £+ 0.05 g of CRF per ml of placental extract where its molecular weight found to be 4.78 kDa by
MALDI-TOF. To study functional analysis of CRF, an in vitro WI-38 lung fibroblast cell scratch wound model
was used which indicated proliferation, motility of cells after treatment with purified CRF. Moreover,
reduction in apoptosis rate of cells during closure of wound was observed from microscopy studies and
FACS analysis. Also, Antalarmin, an antagonist of CRF type 1 receptor inhibited the wound closure potency
of the purified component. Faster healing of wound with an elevation of IL-6 and TGF-3 during early stages
of repair by placental CRF was observed on excision rat model. The process of healing was accompanied
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by the decrease in the level of TNF-a and IFN-y.
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1. Introduction

There are numerous studies demonstrating the composition
of human placental extract and their role in wound healing [1].
Though still some facts are yet to be uncovered to better under-
stand the complexity of wound healing mediated through human
placental extract. From the last few decades, characterization of
the aqueous extract of human placenta which is used as a licensed
drug, led to the identification of several bioactive components,
for example, NADPH, a fibronectin type Ill-like peptide that sta-
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bilizes trypsin activity, an ubiquitin-like protein which exhibits
collagenase activity and heparin-mediated inhibition of placental
extract. The extract also exhibited an anti-microbial activity, in vitro
induction of NO by mouse peritoneal macrophages together with
enhancement of their adhesion property [2-9]. These findings col-
lectively support wound healing nature of this placental extract.
The aqueous extract also contains significant protease activity
that may play regulatory roles in wound healing [1]. Therefore, it
remains possible that biomolecules present in the extract may be
proteolytically modified. Identification of each component present
in the extract and elucidation of their mechanistic roles in heal-
ing and immune-stimulation are necessary for its safe and rational
application.

Corticotropin-releasing factor (CRF) is a 41-amino-acid peptide
synthesized in the para ventricular nucleus of the hypothalamus,
abundantly expressed in placenta. It has an important role in par-
turition. Other members of CRF family such as urocortin have also
been identified in human placenta and membranes [10,11]. Thus,
based on its solubility, it is expected to be carried over in an aque-
ous extract of the human placenta. However, the stability and
biological functionality of placental CRF in the aqueous extract of
human placenta is unknown. Apart from the well-characterized
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role of neuronal CRF in the homeostatic response to stress; several
other actions in tissues repair and wound healing have also been
attributed to CRF. It is also a potent immuno-modulator with cel-
lular target-dependent polarity, acting to inhibit or stimulate local
immune function [12,13]. Though, literature available for explain-
ing the role of exogenous CRF from the placental extract in wound
healing and cytokines involvement is scarce.

Interleukin (IL-6), transforming growth factor (TGF-[3) and other
pro-inflammatory cytokines are major regulators of the healing
process. IL-6 is a pleiotropic cytokine involved in the growth and
differentiation of various cell types including those of dermal
and epidermal origin. TGF-[3 regulates cell proliferation, adhesion,
migration, differentiation and finally induces extracellular matrix
proteins [14]. Similarly, the inflammatory phase in wound heal-
ing is considered to be a preparatory process for the formation of
new tissues. TNF-a and IFN-vy are effective cytokines which are
mediators of the body’s response to infection and key regulators
of inflammatory responses [14]. Several lines of evidence indicate
that IFN-y impairs collagen accumulations and inhibits the pro-
liferative phase of wound healing [14]. Therefore, to demonstrate
the role of any bioactive molecule in wound healing and immune-
stimulation, effect on these wound healing regulatory cytokines
should be investigated.

The aim of the present investigation was to detect the presence
of CRF in the aqueous extract of human placenta used as a wound
healer. Subsequently, the role of CRF from the placental extract
in wound healing was evaluated through in-vitro scratch wound
assay, apoptosis assay, and in-vivo animal model experiments. The
study continued with the specific effect of placental CRF on the
production of wound healing regulatory cytokines which are IL-6,
TGF-1, IFN- vy and TNF- . Moreover, toxicity effect of placental
CRF on rat model has also been reported.

2. Material and methods
2.1. Reagents

Fine chemicals were procured as follows: Annexin V-FITC Apo-
ptosis Detection Kit, CRF, EDC, PBS, Tween 20 and Trypan blue were
purchased from Sigma-Aldrich (Missouri, USA). BCIP and NBT were
purchased from Promega (Madison, USA). Nitrocellulose mem-
brane was purchased from Merck Millipore (Massachusetts, USA).
CRF-EIA Kit was bought from Phoenix Pharmaceuticals (California,
USA). Rabbit polyclonal IgG CRF was purchased from Santa Cruz
Biotechnology (California, USA). Goat polyclonal anti-rabbit were
obtained from Abcam (Cambridge, U.K). Carboxylink coupling gel
was purchased from ThermoFisher Scientific (New York, USA). Dul-
becco’s Modified Eagle Medium (DMEM), Penicillin/streptomycin
(Pen-strap), heatinactivated fetal bovine serum (FBS), MTT, trypsin,
fungizone, gentamicin were purchased from Gibco-Invitrogen
(Grand Island, New York, USA). Antalarmin hydrochloride was pur-
chased from Cayman Chemical (Michigan, USA). ALP, creatinine,
SGPT, SGOT and urea test kits were purchased from Span Diagnos-
tics Ltd. (Mumbai, India). All other reagents were of analytical grade
and procured locally.

2.2. Human placental extract

An aqueous extract of human placenta was supplied by the drug
house Albert David Ltd., Kolkata, India, marketed as a licensed drug
under the trade name ‘Placentrex’. Preparation of the extract hold-
ing the proprietary terms of the manufacturer has been previously
described [1]. In short, the extract was prepared from fresh-term
pooled placentae using single hot and cold water followed by steril-
ization under saturated steam pressure (15 psiat 120 °C) for 40 min.

Under above conditions, spore-forming species such as Clostridium
tetani were killed. This extraction was routinely tested for the pres-
ence of HIV antibody and hepatitis B surface antigen, if any, before
sealing in ampoules. The final finished drug contains 1.5% benzyl
alcohol (v/v) as a preservative which does not interfere with the
experiments presented here. Collection, handling of the placenta
and manufacturing of the drug all were carried under the guidelines
of the drug controlling authority of India.

2.3. Dot blot (immuno-blot)

Placental extract (10x, 20 pl), purified placental CRF (described
below, 10 ug), reference CRF and PC-12 (neuronal cell line as
a known source of CRF, 10 g both as positive controls) and
BSA (10 g as negative control) were spotted on nitrocellulose
membrane strip, dried and incubated with PBS containing 0.05%
Tween-20 and 5.0% skimmed milk at4 °C for 18 h. Then the strip was
washed four times with PBS containing 0.05% Tween-20 followed
by incubation with CRF antibody (1:1000 dilutions with PBS) for
4h at 25°C. The strip was viewed for colorimetric detection using
alkaline phosphatase [8,15].

2.4. Estimation of CRF using EIA kit

The protocol followed was as per manufacturer’s instructions
(Phoenix pharmaceuticals, India). In short, through serial dilution
from a stock of 1 pg/ml of standard CREF, solutions of 0.1-100 ng/ml
were prepared for the construction of a calibration curve cor-
relating concentration of CRF and intensity of color developed
at 450 nm. A linear dependency was observed (R%=0.992, where
R? =regression coefficient). Variation of reading between sets was
+5% (n=>5). Briefly, 50 ul of placental extract, standard CRF as a
positive control and PBS as a negative control were added to the
96 well immune plates. Thereafter, 25 .l of rehydrated primary
antibody followed by 25 .l of rehydrated biotinylated peptide to
each well except the blank well were added. This immunoplate
was incubated for 2 h at 25 °C with orbital shaking at 300-400 rpm.
Then, wells were washed for four times with 350 wl of 1x assay
buffer to remove any unbound proteins. After washing, 100 .1 of
SA-HRP was added to the wells and incubated for 1 h at 25 °C with
orbital shaking at 300-400 rpm for binding. To avoid nonspecific
binding, following incubation plate was washed again as described
earlier followed by addition of 100 .l of TMB substrate solution
provided in this kit into each well. The plate was incubated for 1h
with shaking. Finally, 100 .l of 2N HCI was added into each well
to stop the reaction. The plate was read in an ELISA plate reader
(Thermo Scientific Multiskan GO, U.S.A) at 450 nm [16].

2.5. Purification of CRF by immuno-affinity chromatography

A 2-ml column was packed with carboxy Link™ coupling gel
followed by equilibration with 0.1 M MES, pH 4.7. CRF antibody
(50 wg/ml, 1ml) was applied to the gel slurry and rocked for 3 h
for binding of the antibody. The antibody coupled column was
equilibrated with 20 mM Na-phosphate, pH 7.5. Placental extract
(20mg/ml, 1 ml) was applied to the column, washed with buffer
for complete removal of unbound fractions and CRF was eluted by
0.1 M glycine-HCl, pH 2.4 [15].

2.6. Mass analysis

Analysis was performed using a MALDI-TOF/TOF instrument
(Model 4700, Applied Biosystems) operated in reflectron mode.
Protein samples were dialyzed against 0.01 M Na-phosphate, pH
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7.5, desalted by passing through C4 ZipTip (Millipore) cartridge and
analyzed using CHCA matrix in 50% acetonitrile and TFA [17].

2.7. Cell culture

Human lung fibroblast cells (WI-38) were grown in T-25 cul-
ture flasks in DMEM supplemented with 10% fetal bovine serum,
100 units/ml of penicillin, 100 pg/ml of streptomycin, fungi zone
(2.5 pg/ml), gentamicin (2.5 pg/ml) and 2 mM L-glutamine at 37 °C
in a 5% CO, in an air humidified incubator. Once grown to conflu-
ence, cells were harvested. The viability of cells was determined
by trypan blue exclusion staining. Cells were diluted in DMEM
medium (1:100) containing 0.4% trypan blue solution and counted
in a hemocytometer to assess the number of live cells that stained
blue from the total number of cells counted [17,18].

The growth of cells was measured by yellow tetrazolium MTT
assay. Yellow tetrazolium MTT is reduced by metabolically active
cells, in part by the action of dehydrogenases. Briefly, 1.5 x 10° cells
were plated in 96 well plates and treated with purified CRF (200 ng)
for 48 h. At the end of the incubation period, MTT was added at
0.5 mg/ml and incubated for 3 h. After incubation for 4h at 37°C,
the medium was removed and 100 .l of DMSO was added to each
well. Plates were agitated at 25°C for 10 min and absorbance was
recorded at 590 nm by a multi-well plate reader (Biotek-Epoch;
Biotech Instruments). The average absorbance value of three repli-
cates wells was used for each set and each experiment was repeated
thrice. Here the cells without test samples but with MTT served as
positive control while cells treated with hydrogen peroxide (10 1)
served as negative control. Cells without MTT served as blank
[17,18].

2.8. Migration of fibroblasts

WI-38 cells were cultured in 35 mm plates until they reached
confluence. The scratch in vitro wound was made with a 10 .l dis-
pensing tip [19]. After creating the scratch, the media was replaced
by a fresh one without serum along with purified CRF (100 ng), ref-
erence CRF (100 ng), placental extract (50 pl, 5x) and PBS (100 pl).
Images were captured at stipulated time intervals and cell migra-
tion was quantified by measuring the distance between two certain
points on either side of the gap using Image ] software (freely
downloadable at http://rsbweb.nih.gov/ij/). For statistical analysis,
at least three measurements at different points were made for each
image.

2.9. Apoptosis of fibroblasts

WI-38 cells were cultured in 60 mm plates until the surface was
completely covered. Thereafter a small area was disrupted and
a group of cells was destroyed or displaced by scratching a line
through the layer with a tip. The culture medium was replaced with
serum free medium and cells were stimulated with purified CRF
(100 ng) and standard CRF (100 ng positive control) and PBS (neg-
ative control) for 24 and 48 h. Apoptosis of cells was measured by
Annexin V-FITC apoptosis detection kit. The kit detected apoptotic
cells by flow cytometry utilizing Annexin V-FITC as a fluorescent
probe which measured early apoptotic phosphatidylserine bind-
ing. Early stages of apoptosis involve cellular changes that include
loss of phospholipids asymmetry. At the onset of apoptosis, phos-
phatidylserine translocates from the internal to the external side of
the plasma membrane. Consequently, phosphatidylserine becomes
available to bind with Annexin V in presence of Ca*2. While propid-
ium iodide binds to DNA was also monitored to indicate damage
of the cell membrane and progression to apoptosis. After 24 and
48 h of incubation, cells were trypsinized with 0.25% typsinwashed
twice with PBS and collected by centrifugation (1000 rpm, 5 min).

Collected cells were suspended in 400 .1 of binding buffer at the
density of 1 x 106 cells, and stained with Annexin V-FITC (4 ) and
PI(3 l)in the dark for 15 min at 25 °C. Then the cells were analyzed
using Beckton-Dickinson FACS Array apparatus (BD Pharmigen)
using CELLQuest software at 550 nm (reference filter 620 nm). The
level of induction of apoptosis was assessed by depicting cells
stained by PI (y-axis) versus Annexin V (x-axis) [17].

2.10. Animals

Female Sprague Dawley rats (8-12 wks, 120-140g) were
housed at 22 +3°C under 12 h light/dark cycles. Food and water
were supplied ad libitum during the experimental period. The
purpose and protocol of the experiment were approved by the
institutional animal ethics committee. The experimental protocol
ensured minimum suffering of the animals. At the end, animals
were euthanized by ketamine overdose (200 mg/kg). Experiments
were carried out following the Organisation for Economic Cooper-
ation and Development guidelines [20].

2.11. In vivo wound model

To evaluate the potential role of placental CRF in wound healing,
skin wound was created on the inner thigh surface of rats after being
anesthetized by diethyl ether, shaving and cleaning the exposed
region with 70% ethanol using a sterile biopsy punch of 5 mm diam-
eter. Purified CRF (200 pg/ml that was equivalent to 500 wg/kg body
weight in 500 1), standard CRF (200 p.g/ml, 500 wl) and placental
extract (5x, 500 I, positive control) and PBS (500 .1, negative con-
trol) were administered via intra-peritoneal route to the animals
on every alternate day till 10th day. Each wound site was digi-
tally photographed with a Sony cyber shot W830 20.1MP Digital
Camera (Tokyo, Japan) at the indicated time intervals. Wound area
was measured by tracing the wound on an mm? scale graph paper
on 0, 2, 4, 6, 8 and 10th days post wounding. Wound areas were
expressed as percentage of the initial wound areas. The area of the
wound created on the first day was treated as 100%. Relative wound
size was determined by plotting the wound area versus days. For-
mation of scab on the wounded area leaving no raw wound behind
served as end point of complete epithelization.

2.12. Quantification of cytokines by ELISA

Purified CRF from the placental extract in 500 pl of PBS was
administered subcutaneously at 500 wg/kg body weight per rat. A
control group received the same volume of PBS. Blood was collected
from the animals by retro-orbital puncture every alternate day for
8 days. Serum was obtained after centrifugation of blood at 2000g
for 20 mins at 4 °C and was used for cytokine analysis. The release
of cytokines (IL-6, TGF- 3, IFN-y and TNF-a) in serum were deter-
mined by capture enzyme-linked immunosorbent assays (ELISA)
using micro-titer plates. Plates were coated with respective rabbit
IgG antibody (1:1000 dilutions) in carbonate-bicarbonate buffer,
pH 9.6 for 24h at 4°C. After being coated, plates were washed
and blocked with 1% BSA in PBS for 1h at 25on plates. Samples
wereC. In brief, 100 .l of serum from treated and control rats were
loaded on plates. Samples were applied in duplicates and plates
were incubated for 4 h at 25 °C with mild shaking. Then the plates
were washed with PBS containing 0.005% Tween 20 to remove
uncaptured samples. Thereafter, secondary antibody conjugated
with alkaline phosphatase was added (1:5000 dilution). After incu-
bation for 1 h, antigen-antibody binding was revealed by incubation
with the substrate p-NPP. The plates were read in an ELISA plate
reader (Thermo Scientific Multiskan GO, U.S.A) at 405 nm. Fresh
culture medium as a blank well, the absence of any test sample and
primary antibody in wells constituted three negative controls for
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each set. For determination of the concentration of IL-6, TGF- {3,
IFN-vy and TNF-a in the cell, calibration curves were constructed
with 10 — 100 ng/ml of the standard compounds after dilution in
PBS containing 0.005% Tween 20. Linear dependency between con-
centration and absorbance was observed for IL-6, TGF- 3, [IFN-y and
TNF-a (R%=0.941; 0.939, 0.953 and 0.961 respectively). Variation
of absorbance for each point was+5% (n=5) [15].

2.13. Toxicity studies

2.13.1. Acute toxicity

Rats were grouped into six. Purified pool of CRF in 500 ul of
PBS was administered subcutaneously at 0, 100, 250, 500 and
1000 pg/kg body weights per rat. In this study, in vivo wound heal-
ing was optimized with a dose of 500 pg of CRF/kg body weight of
rat. For this reason, a range of 0-1000 centered on 500 p.g/kg was
applied to rats for toxicity study. The control group received the
same volume of PBS. Symptoms of morbidity and mortality were
followed. Animals were weighed on 0, 7th and 14th day. At the
end of the experiment, blood was drawn by retro-orbital puncture.
Biochemical analysis was performed Standard diagnostic kits (Span
diagnostics Ltd., India) were used for estimation of SGPT, SGOT, ALP,
urea and creatinine spectrophotometically as per manufacturer’s
protocol [15].

2.13.2. Sub-chronic toxicity

Tenrats were grouped into two. Purified CRF at doses of 100, 500,
1000 p.g/kg body weight of rat in 500 .l of PBS were administered
for the measurement of sub-chronic toxicity. The control group of
rats received an equal volume of PBS. Samples were administered
daily subcutaneously to each rat for 30 consecutive days at the same
hour and the symptoms for morbidity and mortality were followed.
Body weights of the animals were recorded weekly. On the 31st day,
blood was collected followed by isolation of serum for analysis [15].

2.14. Statistical analysis

All values were expressed as error bars (mean + standard devi-
ation) obtained from independent experiments represented by ‘n’
while each experiment was done in triplicate and the mean value
was accepted. Statistical significance was determined using student
- t-test and p < 0.05 was the significance level.

3. Results and discussion

3.1. Identification, quantification and purification of CRF from the
human placental extract

CRF is a component of hypothalamic-pituitary-adrenal axis and
is also present in human placenta, where its secretion after syn-
thesis is raised more than 20 fold in 5 weeks preceding parturition
[21,22]. The presence of CRF- like activity in placental extract is
reported [23]. But presence or abundance and functionality of CRF
in the extract may vary depending on the procedure followed [24].
To detect the presence of CRF in this placental extract, a dot blot
assay using CRF-antibody was performed. This antibody is capable
of detecting full length as well as proteolytically fragmented pep-
tides of CRF containing epitopes. A dot blot strip exhibited distinct
color spot for the placental extract, PC-12 cell extract and standard
CRF (both as a positive control) but no spot for BSA (negative con-
trol) when developed against CRF antibody (Fig. 1A, a-d). Once the
presence of CRF in the extract was detected, it was quantified by
CRF EIA kit using manufacturer’s protocol. The concentration of CRF
in the extract was calculated with reference to a calibration curve of
using standard CRF. The placental extract also demonstrated linear
dependency of absorbance against concentration (RZ=0.961). The

concentration of CRF in the placental extract was estimated to be
0.45 +0.05 pg/ml (n =4 where nrepresents number of independent
experiments).

The placental extract being very dilute, it was applied directly
to a CRF antibody coupled to an immunoaffinity matrix for sin-
gle step purification with good recovery yield. Developed profile
was similar to a typical immunoaffinity chromatogram (Fig. 1B).
Elution of CRF was confirmed by dot-blot experiments (Fig. 1B,
Inset). Pooled fractions were quantified to contain 38 g of CRF
that was recovered from 100 ml of the extract. This yield suggested
that the methodology was reasonably efficient. The purity of CRF
was verified from the mass spectrometric analysis that showed the
presence of a single component of 4785 Da (Fig. 1C). The prepara-
tion may contain other components that failed to ionize under the
detection conditions or impurities of low abundance or fragmented
products of CRF. However, the abundance of such components was
beyond detection limit in the MS analysis. Whereas, the molec-
ular weight of the standard CRF that appeared as a single peak
of 4755Da (Fig. 1C, inset). Data revealed the difference of 30Da
between molecular weight of standard CRF and purified CRF from
placental extract which might be due to the remaining salt con-
tent in purified fractions or alteration in one amino acid residue
(Fig. 1C). Also, Shibasaki et al., 1982 reported that the molecular
size of the placental CRF-like substance is slightly larger than that
of adrenocorticotropin [23].

3.2. Invitro scratch assay

To demonstrate the effects of placental CRF on the migratory
capacity of cells involved in wound healing, if any, in vitro scratch
wounding assay was performed [19]. In this model, the gap at the
initial stages was mainly covered by cells that moved to close it
rather than by cells only to proliferate. Cells were treated with pla-
cental extract, placental CRF, standard CRF or PBS and viewed for
0-72 h. The results were a combination of proliferation and motil-
ity expressed as% of the distance remained open at the particular
time point (Fig. 2). At Oh, relative wound size was represented
as 100%. At 24h, 77.08 +3.56% of the initial gap was still open
in control, while 36.93+1.17, 41.09+3.56 and 25.12+1.17% of
the gaps were open in the sets treated with placental CRF, stan-
dard CRF and placental extract respectively (n=3). Corresponding
values after 48 h were 12.75+0.35, 13.78 +0.25 and 9.82 +0.35%
respectively as compared to 55.42 4+ 0.65% for the control (n=3).
This data suggested that placental CRF in wM range promoted
cell motility and exerted an inductive effect on migration of cells
during wound healing. This, in turn, indicated placental CRF accel-
erates wound healing. Data obtained favors the earlier report that
indicated local injection of CRF dramatically reduces acute inflam-
mation and enhances wound healing [25]. In the context of wound
healing, one report suggested that dermal fibroblast cells cultured
inamedium that was deficient in growth factor showed stimulation
of cell proliferation with neuronal CRF [26].

To check whether the enhancement of migration of fibroblast
cells of the purified fraction was due to placental CRF, antalarmin
(100 nM), an antagonist of CRF; (type 1) was pre-incubated with
cells at 37°C for 1 h [27]. Subsequently, the cells were treated with
placental component as mentioned above. The rate of migration of
fibroblasts cell line was followed till 48 h in the presence of pla-
cental CRF. It was comparable to the control sets where PBS was
applied (Fig. 3). This suggested that the functional placental com-
ponent was indeed CRF and it had a positive role in wound closure.
This study also shows that placental CRF belongs to CRF subclass 1.
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Fig. 1. Identification, purification and quantification of CRF in placental extract. (A) Immunoblot. (a) Placental extract, (b) PC-12 cell lysate, (c) standard CRF, (d) BSA. (B)
Immuno-affinity chromatogram indicated elution of a single bound fraction. The arrow indicates application of elution buffer 0.1 M gly-HCl, pH 2.4. Insets: Immunological
cross reactivity between anti-rabbit IgG (CRF) and (a) Placental CRF (10 wg), (b) Placental extract (10 pg), (c) CRF standard (10 p.g) and (d) BSA (50 wg). (C) Mass spectra of

purified CRF from placental extract. Inset: Mass spectra of standard CRF.

3.3. Measurement of apoptosis

Apoptosis is crucial to normal wound healing particularly in the
removal of inflammatory cells and in evolution or generation of
granulation tissue to scar. When cells proliferate rapidly during
tissue restoration, cell growth is balanced by apoptosis. There are
evidences supporting the fact that the cascades of cellular events
occur during the healing of the cutaneous wound and other tissue
repair processes are tightly regulated and controlled by a distinct
pattern of cellular apoptosis. In an early progression of normal
wound repair, cellular infiltration and proliferation must be suffi-
cient and explicit. Rapid increase in cell proliferation is allowed by
an initial decrease of apoptosis. The fibroblasts migrate, proliferate
and synthesize components of extracellular matrix participating in
the development of granulation tissue. Measurement of apopto-
sis was followed by in-vitro scratch treatment with placental CRF
(10 wg/ml) and PBS as a negative control. Apoptosis and necrosis
percentage in fibroblast cells were assessed during healing with
time after treatment with placental CRF. This estimation is directly
related to tissue repair and wound healing. Results showed that
the in-vitro scratched WI-38 plates followed by treatment with pla-
cental CRF indicated a decrease of apoptosis from 72 £5to 43+ 7%
after 24h and 56 +8 to 14 +2% after 48 h when compared with
the controls (Fig. 4). Evidence also indicated some necrosis in 48 h
indicating that CRF decreased apoptosis and initiated tissue repair.
This data confirmed that placental CRF helped in proliferation and
healing.

3.4. Excision wound model

While monitoring the time course, it was observed that the
wound closure in untreated mice was significantly delayed as
compared to ones where placental CRF, standard CRF and pla-
cental extract were applied. Relative wound size in control rats
were 65.344+2.8% on the 2nd day of injury which healed to
48.26 +3.2% on the 8th day. Complete epithelization and healing
were observed on the 15th day (data not shown). Relative wound
sizes in rats treated with placental CRF and standard CRF reduced
from 68.09 £6.3 to 14.12+5.0% and 64.07 +£7.5 to 10.14+4.0%
respectively from 2nd day to 8th day of wound formation. Sim-
ilar closures of wounds were 55.09+4.6 to 12.434+5.9% for the
placental extract. These values were comparable. Contraction of
wound size in rats treated with placental extract was even faster
as compared to CRF treated rats probably due to the presence of
several potent bioactive components involved in healing in it. This
experiment strongly supported the initiation of wound healing by
placental CRF (Fig. 5 and inset).

3.5. Effect of purified CRF on cytokines

Of the innumerable cytokines, IL- 6 and TGF- 3 are intimately
associated with wound healing. IL-6 plays crucial roles in inflam-
mation, mostly at the early phase of creation of wound. IL-6 along
with other pro-inflammatory cytokines and growth factors are pro-
duced locally in both skin cells and resident immune cells. It is a
pleiotropic cytokine which has a significant role in the growth and
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Fig. 2. Placental CRF induces the motility of WI-38 cells in an In-vitro scratch assay. WI 38 cells were stimulated with placental CRF, placental extract, standard CRF and PBS.
Images were captured at 0, 24, 48 and 72 h after disruption of a small area of the cell layer. The remigration of the cell was estimated by measuring the distance on each
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Fig. 3. In the scratch wound healing experiment, WI 38 cells were pretreated with antalarmin, an antagonist of CRF type 1 receptor. Images were taken for 0, 24 and 48 h
after incubation with PBS as control or placental CRF.
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Fig. 5. Photographic representation of rate of contraction measured in percent of wound area on different post-excision days of control, placental extract (5x, 500 wl), and

placental CRF and standard CRF (200 p.g/ml) treated rats.

differentiation of several cell types mostly of dermal and epider-
mal origin and acts as a major regulator of the healing process
[18]. When cells are subjected to an in vitro wounding, IL-6 is
readily identified in cutaneous wounds and in the supernatant of
keratinocyte cultures [28].

TGF-3 is another major regulator of wound healing. Itis a growth
factor involved in a number of processes such as inflammation,
fibroblast proliferation, and collagen synthesis and remodeling of
the newly formed extracellular matrix [14]. The previous report
indicated that the treatment with exogenous TGF-31 has improved

the process of healing [29]. The result indicated that the subcuta-
neous injection of placental CRF, standard CRF (serving as a positive
control) in wounded rats increased the levels of IL6 to a compara-
ble extent. As shown in Fig. 6A, when placental CRF (200 ng/ml)
was injected to wounded rats on every alternate day induced the
production of IL6 from 204 2.1 to 36 & 3.2 ng/ml on the 2nd day of
wound formation. Results observed were comparable with the pos-
itive control data [standard CRF (200 ng/ml)] which was 19+ 2.8 to
32 +3.1 ng/ml on the 2nd day. Later this elevation of IL-6 decreased
gradually to the basal level in the CRF treated rats with healing. A
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Similar effect was observed with placental extract which induces
IL6 production from 21 +3.1 to 384+4.7 ng/ml on the 2nd day of
creation of wound (Fig. 6A).

Similar to IL6, levels of TGF- (3 in control rats was slightly
increased from 22+2.7 to 24+5.1ng/ml on the 2nd day of
injury which later remained constant due to delayed in heal-
ing. While, placental CRF induced TGF- 3 from 18 +2.7 ng/ml to
25.5+ 2.7 ng/ml. Rats treated with placental extract showed max-
imum elevation due to multiple healing components present in it
[1-9]. Alike IL-6, it was observed that after the sixth day of wound
formation, rats treated with placental CRF, standard CRF and pla-
cental extract, release of TGF-[3 was gradually decreased indicated
that healing reduced their induction (Fig. 6B).

Another major process involved in the early stages of wound
healing is inflammation [30]. During the initial stage of wound
repair, the inflammatory response occurs where recruitment of
cells is done to act against potential bacterial contamination of
the wound and stimulates cytokine secretion to activate the pro-
cesses of dermal and epidermal repairing. Hence, to estimate the
effect of placental CRF on inflammation during healing mecha-
nism, TNF- o and IFN-y were analyzed in the serum of excision
rats. It was observed that levels of TNF-a significantly increased
after 2nd of injury in placental CRF, placental extract, and stan-
dard CRF treated rats compared to control sets (Fig. 6C). The level
of TNF- a was 42 +3.6, 37 +4.7, 40+3.4ng/ml in placental CRF,
standard CRF and the placental extract treated rats respectively,
which was significantly higher than the control (25 + 3.2 ng/ml). A
similar effect was observed for IFN-v, where its elevation in serum
increased on the 2nd day of injury after treatment with placental
CRF, placental extract, standard CRF treated samples but maximum
level of expression was observed in controls. Later, IFN-y levels
decrease in treated rats whereas inflammation was still observed
in controls (Fig. 6D). These data indicated that wound healing led
to the reduction in inflammation and suggested that CRF has anti-
inflammatory activity. Previous literature also indicated that during
the early phase of wound repair, pro-inflammatory cytokines are
predominantly expressed in polymorphonuclear leukocytes, and
are reduced during progression of wound healing with gradual dis-
appearance of the inflammatory phase [30]. Highest levels of all

these cytokines were seen at early 24 h after wounding (Fig. 6).
After completion of the proliferative phase of healing, levels of these
cytokines returned to the basal level as compared to the controls.
Results showed that the level of both the cytokines in serum of
rats treated with placental CRF and standard CRF were significantly
increased during the 2nd day of injury as compared to the rats
treated with PBS. The rise of cytokine levels was later reduced to the
optimum level on healing. In control set of animals, cytokine level
increased slowly and remained approximately constant till 10th
day of injury due to delayed in healing. This data showed the pla-
cental CRF induced IL 6 and TGF-3 during healing. In the context of
cytokines biology in healing process, pro-inflammatory cytokines
also play a vital role in healing. Therefore, impact of placental CRF
on TNF-a and IFN-y was also evaluated. Results indicated decrease
in level of both the cytokines from the day of injury as compared
to the control.

3.6. Toxicity studies

3.6.1. Acute toxicity

Acute toxicity measurements revealed that neither any sign of
motility and morbidity appeared in any animal after administration
of CRF. There was no alteration in the clinical observations for body
weight, behavioral patterns or food and water consumption among
treated and control animals. Under the conditions of acute toxicity
testing, LDsq value for purified CRF was estimated to be greater
than 1000 pg/kg body weight (Table 1). Moreover, measurement
of toxicity indicated safety efficacy of administration of placental
CRF on rats during healing showed LDsg value to be greater than
1000 pg/kg of body weight (Table 1).

3.6.2. Sub chronic toxicity

During analysis of sub chronic toxicity, no significant changes in
biochemical parameters were observed in the serum of treated rats.
The body weight of treated and untreated sets of rats increased at
comparable rates. The level of serum enzymes viz. SGPT, SGOT and
ALP in Placental CRF treated rats did not show detectable variations
as compared to the control groups (PBS treated rats). The mark-
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Table 1

Biochemical parameters evaluating toxicity, if any, in rats treated with purified CRF in an excision in vivo wound model.

Biochemical markers Acute toxicity

Sub — chronic toxicity

Control (n=6) Treated (n=6)

Control (n=5)

Treated (n=5)

1000 pg/kg 100 pg/kg 500 pg/kg 1000 pg/kg
SGPT (1U/L) 27.80+3.10 29.65+2.45 26.56+5.70 25.54+5.75 27.76 £4.56 26.54+6.30
SGOT (1U/L) 28.79+1.15 25.73+4.28 31.85+4.92 29.87 +4.68 32.34+2.80 28.93+3.10
ALP (1U/L) 222.56+1.20 245.00+6.09 253.65+7.56 268.13+3.65 252.00+5.80 298.07 £ 6.65
Urea (mg/100 ml) 53.89+1.44 62.67+4.70 61.53+7.52 52.56+2.36 61.79+6.50 365.92+2.70
Creatinine (mg/ml) 0.96+0.08 1.11+0.06 1.17+0.05 1.13+0.02 1.19+0.07 1.15+0.02

n=number of animals tested.

ers of renal functions viz. urea and creatinine levels also remained
statistically unaltered (Table 1).

4. Conclusion

This study investigates the stability and biological functional-
ity of placental CRF in the aqueous extract of human placental.
Presence of intact CRF in terms of the amino acid chain has been
confirmed by mass spectrometric analysis of the purified peptide.
Subsequently, the role of purified CRF from placental extract in cell
proliferation, apoptosis, wound healing was elucidated along with
cytokine release and inflammation in vitro and in vivo. In addition,
this study indicated that administration of CRF induced insignifi-
cant toxicity to excision wounded rat during healing.

Conflicts of interest
The authors declare that they have no conflicts of interest.
Acknowledgements

Technical help rendered by Mr. Sandeep Chakroborty and Ms.
Anushila Gangopadhyay for MALDI-TOF/TOF- MS Instrument and
FACS analysis respectively is acknowledged. We thank Prof. Sub-
rata Pal, Department of Life Sciences and Biotechnology, Jadavpur
University, Kolkata for providing the cell culture facility. PC-12 cell
line was a kind gift from Dr. Subhas C. Biswas of this institute. Dr.
Debashree De first indicated that the placental extract contains CRF.

References

[1] P.D. Chakraborty, D. Bhattacharyya, Aqueous Extract of Human Placenta as a
Therapeutic Agent in Recent Advances in Research on the Human Placenta,
InTech Publishers, Rijeka, Croatia, 2012, pp. 77-92.

[2] P. Datta, D. Bhattacharyya, Spectroscopic and chromatographic evidences of
NADPH in human placental extract used as wound healer, J. Pharm. Biomed.
Anal. 34 (2004) 1091-1098.

[3] P.D. Chakraborty, D. Bhattacharyya, In vitro growth inhibition of microbes by
human placental extract, Curr. Sci. 88 (2005) 782-786.

[4] P.D. Chakraborty, D. Bhattacharyya, Isolation of fibronectin type III like
peptide from human placental extract used as wound healer, ]. Chromatogr. B
818 (2005) 67-73.

[5] P.D. Chakraborty, D. Bhattacharyya, S. Pal, N. Alj, In vitro induction of nitric
oxide by mouse peritoneal macrophages treated with human placental
extract, Int. Immunopharmacol. 6 (2006) 100-107.

[6] P. Chakraborty, D. De, S. Bandyopadhyay, D. Bhattacharyya, Human aqueous
placental extract as a wound healer, J. Wound Care 18 (2009) 462-467.

[7] D. De, P.D. Chakraborty, D. Bhattacharyya, Regulation of trypsin activity by
peptide fraction of an aqueous extract of human placenta used as wound
healer, ]. Cell Physiol. 226 (2011) 2033-2040.

[8] D. De, P.D. Chakraborty, ]. Mitra, K. Sharma, S. Mandal, A. Das, Ubiquitin-like
protein from human placental extract exhibits collagenase activity, PLoS One
8(2013) e59585.

[9] K. Sharma, C. Mukherjee, S. Roy, D. De, D. Bhattacharyya, Human placental
extract mediated inhibition of proteinase K: implications of heparin and
glycoproteins in wound physiology, J. Cell. Physiol. 229 (2014) 1212-1223.

[10] S. Baigent, Peripheral corticotropin-releasing hormone and urocortin in the
control of the immune response, Peptides 22 (2001) 809-820.

[11] A. Makrigiannakis, E. Zoumakis, S. Kalantaridou, N. Mitsiades, A. Margioris,
G.P. Chrousos, A. Gravanis, Corticotropin-releasing hormone (CRH) and
immunotolerance of the fetus, Biochem. Pharmacol. 65 (2003) 917-921.

[12] A. Androulidaki, E. Dermitzaki, M. Venihaki, E. Karagianni, O. Rassouli, E.
Andreakou, C. Stournaras, A.N. Margioris, C. Tsatsanis, Corticotropin releasing
factor promotes breast cancer cell motility and invasiveness, Mol. Cancer 8
(2009) 30.

[13] O. Rassouli, G. Liapakis, I. Lazaridis, G. Sakellaris, K. Gkountelias, A. Gravanis,
A.N. Margioris, K.P. Karalis, M. Venihaki, A novel role of peripheral
corticotropin-releasing hormone (CRH) on dermal fibroblasts, PLoS One 6
(2011).

[14] Y. Ishida, T. Kondo, T. Takayasu, Y. Iwakura, N. Mukaida, The essential
involvement of cross-Talk between IFN-y and TGF- in the skin
wound-healing process, J. Immunol. 172 (2004) 1848-1855.

[15] N. Singh, D. Bhattacharyya, Collagenases in an ether extract of bacterial
metabolites used as an immunostimulator induces TNF-a and IFN-v, Int.
Immunopharmacol. 23 (2014) 211-221.

[16] F. De Giorgi, G. Sarnelli, C. Cirillo, I.G. Savino, F. Turco, G. Nardone, Increased
severity of dyspeptic symptoms related to mental stress is associated with
sympathetic hyperactivity and enhanced endocrine response in patients with
postprandial distress syndrome, Neurogastroenterol. Motil. 25 (2013) 31-38.

[17] N. Singh, D. Bhattacharyya, Cholesterol and its derivatives reversibly inhibit
proteinase K, J. Cell. Physiol. 232 (2017) 596-609.

[18] N. Singh, D. Bhattacharyya, Evaluation of the presence of reduced
nicotinamide adenine dinucleotide phosphate in bacterial metabolites used
as immunostimulators and its role in nitric oxide induction, Microbiol.
Immunol. 59 (2015) 311-321.

[19] C.-C.Liang, A.Y. Park, J.-L. Guan, In vitro scratch assay: a convenient and
inexpensive method for analysis of cell migration in vitro, Nat. Protoc. 2
(2007) 329-333.

[20] OECD, Guidelines for the Testing of Chemicals, Organisation for Economic
Cooperation and Development, Paris, France, 2007 (No. 440. Adopted 16
October 2007).

[21] G. Leoni, P.-A. Neumann, R. Sumagin, T. Denning, A. Nusrat, Wound repair:
role of immune-epithelial interactions, Mucosal Immunol. (2015) 959-968.

[22] M. Fadalti, I. Pezzani, L. Cobellis, F. Springolo, M.M. Petrovec, G. Ambrosini,
F.M. Reis, F. Petraglia, Placental corticotropin-releasing factor an update, Ann.
N. Y. Acad. Sci. 900 (2006) 89-94.

[23] T. Shibasaki, E. Odagiri, K. Shizume, N. Ling, Corticotropin releasing factor-
like activity in human placenta extracts, J. Clin. Endocrinol. Metab. 55 (1982)
384-386.

[24] G. Tonello, M. Daglio, N. Zaccarelli, E. Sottofattori, M. Mazzei, A. Balbi,
Characterization and quantitation of the active polynucleotide fraction
(PDRN) from human placenta, a tissue repair stimulating agent, J. Pharm.
Biomed. Anal. 14 (1996) 1555-1560.

[25] LK. McLoon, J. Wirtschafter, Local injections of corticotropin releasing factor
reduce doxorubicin-induced acute inflammation in the eyelid, Invest.
Ophthalmol. Vis. Sci. 38 (1997) 834-841.

[26] A.Slominski, B. Zbytek, A. Pisarchik, R. Slominski, M. Zmijewski, J. Wortsman,
CRH functions as a growth factor/cytokine in the skin, J. Cell Physiol. 206
(2005) 780-791.

[27] E.L. Webster, D.B. Lewis, D.J. Torpy, E.K. Zachman, K.C. Rice, G.P. Chrousos,

In vivo and in vitro characterization of antalarmin, a nonpeptide
corticotropin-releasing hormone (CRH) receptor antagonist: suppression of
pituitary ACTH release and peripheral inflammation, Endocrinology 137
(1996) 5747-5750.

[28] T.Sugawara, R.M. Gallucci, P.P. Simeonova, M.I. Luster, Regulation and role of
interleukin 6 In wounded human epithelial keratinocytes, Cytokine 15 (2001)
328-336.

[29] M.J. Crowe, T. Doetschman, D.G. Greenhalgh, Delayed wound healing in
immunodeficient TGF-1 knockout mice, J. Invest. Dermatol. 115 (2000) 3-11.

[30] S.A.Eming, T. Krieg, ].M. Davidson, Inflammation in wound repair: molecular
and cellular mechanisms, J. Invest. Dermatol. 127 (2007) 514-525.


http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0005
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0010
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0015
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0020
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0025
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0030
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0035
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0040
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0045
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0050
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0055
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0060
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0065
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0070
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0075
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0080
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0085
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0090
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0095
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0100
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0105
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0110
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0115
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0120
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0125
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0130
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0135
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0140
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0145
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150
http://refhub.elsevier.com/S0731-7085(17)30476-4/sbref0150

	Biochemical and functional analysis of corticotropin releasing factor purified from an aqueous extract of human placenta u...
	1 Introduction
	2 Material and methods
	2.1 Reagents
	2.2 Human placental extract
	2.3 Dot blot (immuno-blot)
	2.4 Estimation of CRF using EIA kit
	2.5 Purification of CRF by immuno-affinity chromatography
	2.6 Mass analysis
	2.7 Cell culture
	2.8 Migration of fibroblasts
	2.9 Apoptosis of fibroblasts
	2.10 Animals
	2.11 In vivo wound model
	2.12 Quantification of cytokines by ELISA
	2.13 Toxicity studies
	2.13.1 Acute toxicity
	2.13.2 Sub-chronic toxicity

	2.14 Statistical analysis

	3 Results and discussion
	3.1 Identification, quantification and purification of CRF from the human placental extract
	3.2 In vitro scratch assay
	3.3 Measurement of apoptosis
	3.4 Excision wound model
	3.5 Effect of purified CRF on cytokines
	3.6 Toxicity studies
	3.6.1 Acute toxicity
	3.6.2 Sub chronic toxicity


	4 Conclusion
	Conflicts of interest
	Acknowledgements
	References


