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a  b  s  t  r  a  c  t

Recruitment  of  cells  and  mediators  is  altered  during  impaired  wound  healing,  thereby  delaying  this  pro-
cess.  To  overcome  this  problem,  the correlation  of  wound  healing  in  older  rats,  and  the  impact  of different
molecular  weight  of  hyaluronan  without  silver  nanoparticles;  (low-HA1),  (High-HA2),  (Medium-  HA3)
and  with  silver  nanoparticles  (High-HA4)  is  investigated.  The  superior  HA were  selected  to  be  further
investigated  onto  diabetic  wounds.  Our  results  pointed  to a marked  deficiency  in wounds  granulation
in  older  rats,  which  was  accompanied  with  impairment  of healing  process.  In older  rats  group  treated
with  HA2  or  HA4,  granulation  and  dermal  construction  were  improved.  Furthermore,  the  number  of
pathogenic  bacteria  on  wounds  was  declined  throughout  the  first  24  h  by  HA2  and  HA4.  The wound  size
in  HA4-treated  older  rats  was  significantly  smaller  than  that  in  other  HA1,  HA2  or  HA3-treated  older

ones.  Also,  diabetes  impaired  the level of inflammatory  cytokine,  in diabetic  model.  On  contrary,  HA4
was  found  to normalize  the  level  of inflammatory  cytokine,  in the  diabetic  model.  Furthermore,  HA4  was
found to  recover  all  oxidative  and  toxicity  markers  in  diabetic  models.  This  data  confirms  the  critical  role
of HA4 to  improve  granulation  and  inflammatory  mediators  in  impaired  older  and  diabetic  rat  wound
healing.

©  2016  Elsevier  B.V.  All  rights  reserved.
Abbreviations: GP, glutathione; MDA, malondialdehyde; ROS, reactive oxygen
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1. Introduction

Despite the great clinical efforts, impaired wound healing is still
a medical challenge with daily increasing of its health complica-
tions. Thus, studies of how aging [1,2] and diabetes effects wound
healing have become a research priority. The cell migration, fibrob-
lastic differentiation, collagen remodeling, and proliferation are
decreased in impaired healing. This may  be attributed not only to
cellular defects but also to changes in mediators associated with
the senescence [3] and diabetic process.
A combination of various factors comprising hormonal param-
eter, free oxygen radicals and impaired angiogenesis seems to be
the reason of postponed cutaneous healing in elderly [4]. Anti-age
agents seemed to assist wound healing by decreasing inflammation
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Fig. 1. A: Representative external photographs of full thickness skin wounds in control untreated and different treated groups. Photographs were taken from different rat
groups two weeks post-wounding (Wound was  rectangle, 10 × 20 mm).  This figure shows that the wound size becomes smaller in groups II–IV in comparison to the control
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ound size or the group I wound size. B: The total count of the pathogenic bacteri
ats.  Full thickness skin samples were taken from different rat groups one day post
he  significance in comparison with the control group. C: Agar bacterial culture from

nd stimulating the recovery process [5]. TGF-� is potentially used
or the treatment of wound injuries, including ulcers in the elderly
6].

The wound healing process in diabetic patients can be adversely
ffected by several elements, comprising unrelieved pressure,
nfection, and concurrent underlying conditions. Sodium aescinate
7], whey proteins [8,9], chromogenic acid [10] and many other nat-
ral products may  effectively control and improve wound healing

n diabetic rats via its anti-inflammatory and antioxidant activities.
Recently, silver nanoparticles (AgNPs) have gained a great deal

f interest among researchers in different area of applications such
s textiles [11–16], biomedicine[17], medicine and pharmaceu-
ics. Several green methods of AgNPs preparation such as chemical
eduction methods have been reported [17–21].

The treatment of impaired wounds involves the use of bio-
aterials that can deliver mechanical and biological lines to the

urrounding environment [22]. Haluronan (HA) is a straight for-
ard chain glycosaminoglycan polymer consisting of repeating

ntities of disaccharide and is found in vertebrates [23] and human
ody, comprising skin and soft tissue [24]. Due to the impact on
ignaling pathways, HA plays a significant role in wound-healing
rocess [25]. According to Antonella et al. [26], the molecular
eight of hyaluronan plays a significant rule in the wound repair
rocess in vitro, however, there is no any in vivo study in the lit-

rature till now focusing on the effect of molecular weights of
yaluronan with and without silver nanoparticles. Also, in this
revious study [26], the author(s) claims that, higher molecular
eight of HA can accumulate and binds fibrinogen that is essen-
n on the full thickness wounded skin from older untreated (Control) and treated
nding (Wound was  rectangle, 10 × 20 mm). Values shown are means ± SD. *Shows
rent groups.

tial for clot formation. Therefore, in our study, the investigation of
the effect of different molecular weights of HA with and without
silver nanoparticles could be effective factor to study in-vivo.  The
use of hyaluronan leads to better proliferation of granulation tissue
as well as epithelialization with respect to wound healing diabetic
conditions in rats [27]. Many recent studies investigated the impact
of HA either single or in combination with different compounds
on wound healing process [28–31]. To the best of our knowledge,
there is no such comparative study, In-vivo, of molecular weights
of nanocomposite (hyaluronan/silver nanoparticles) on the heal-
ing of diabetic ulceration. Therefore, for the 1st time, the impact of
four different preparations from HA and its combination with sil-
ver nanoparticles on impaired wound healing in old and diabetic
models are tested and evaluated.

2. Materials and methods

Different molecular weights of hyaluronan (low, medium, high
molecular weight) was  used, kindly provided by Sigea S.r.L., Trieste
(Italy). Milli-Q water was  used for all experiments. All chemicals
were used before further purification.

2.1. Preparation of hyaluronic acid solution with and without
silver nanoparticles
1% of different molecular weight of hyaluronan was  dissolved
in Milli-Q water under stirring at room temperature and marked
as low molecular weight hyaluronan(LHA1), High molecular
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Fig. 2. Representative Masson Trichrome staining of full thickness wounded skin from older untreated (Control) and treated rats (group HA1-HA4) (X 100). Full thickness
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kin  samples were taken from different rat groups two  weeks post-wounding (Wo
ongues  (black arrows); Bubbles (red arrows); Hair follicles (HF).

eight hyaluronan (HHA2), medium molecular weight hyaluro-
an (MHA3) and high hyaluronan/silver nanoparticles composite
HHA4/AgNPs).

.2. Preparation of silver/hyaluronan nanoparticles composite

Silver nanoparticles were synthesized according to previous
ork with small modification [32,33]. High molecular weight
yaluronan was dissolved in Milli-Q water at room temperature
ith 1% concentration, then 1 ml  of 10 mM of silver nitrate was

dded drop-wise into hyaluronic solution, the pH of the solution
as raised until 7-8 with sodium hydroxide (1 M)  and the reaction
ixture was kept under stirring for 1 h at room temperature until

he solution color converted from colorless to yellowish color indi-
ated silver nanoparticles were obtained. The formation of silver
anoparticles was characterized by using UV–vis spectrophotome-

er, where a sharp significant peak appeared at 420 nm which
s corresponding to the silver nanoparticles. Also, TEM was used
o measure the size and size distribution of silver nanoparticles
ormed (the size of AgNPs was 100 nm), (data not shown).
as rectangle, 10 × 20 mm). Epidermal cells (Ep); Collagen fibers (Coll); Epidermal

2.3. Experimental design

Two experiments were performed to test the current lab pre-
pared compounds. In the first experiment, about 40 older male rats
were divided into 5 equal groups (n = 8). Wounds were performed in
all rats in equal sizes to facilitate effect comparison of the four pre-
pared compounds. The first group was remained as a control group.
The remained four groups, each of them locally received one of four
compounds on the cutaneous wound daily for 7 days. Because their
superior effects on wound healing of older rats, compounds 2 and
4 were selected to be tested in the second experiments on the dia-
betic rat model. In the second experiment, about 40 male rats were
divided into 5 equal groups (n = 8). The first group was remained as
control un-wounded, while the second group was wounded con-
trol. The three other groups were diabetic rats; one of them was
wounded and the two  groups were wounded and locally received

compound 2 and compound 4, respectively.
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Fig. 3. The level of interferon gamma  in the different treated groups. Values shown
are means ± SD. *Shows the significance in comparison with the control group.

Fig. 4. The level of Superoxide dismutase in liver (A) and kidney (B) tissues from
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ifferent groups. Values shown are means ± SD. #Shows the significance in compar-
son with the control group. *Shows the significance in comparison with the diabetic
roup.

.4. Ethical approval

“This work did not comprise endangered or protected species”.
With respect to the experimental animals, all processes were
ccompanied in accordance with the standards regular forth
xplored in guidelines for the care and use of experimental ani-
als by the Committee for the Purpose of Control and Supervision

f Experiments on Animals and the National Institutes of Health”.
The working protocol (care and handling of experimental animals)
as permitted by the Animal Ethics Committee of the Zoology
epartment at King Saud University, College of Science”.

.5. Excisional wound preparation

“All Rats were subjected to anesthetize, and the rate back was

mooth-shaven and disinfected by ethyl alcohol”. “The wound cell
emoval exemplary model which is used in this test was  executed
s previously designated by Schwentker [34] with minor varia-
ion”. The clean-shaven skin was subjected to pinched followed by
ogical Macromolecules 89 (2016) 582–591 585

tucked, and the wound was  punched throughout the full thickness
of the tucked skin to give 5 mm diameter circle under the shoulder
blades of each rat.

2.6. Total bacterial count

The total bacterial count of the injured surface in rats were mea-
sured by using the viable cell counting method [35] by passing the
sterilized cotton swap on the injured surface and putting the swap
in 10 ml  physiological rangers solution. The solution was vortexed
with the swap. Appropriate dilutions were prepared and plated
using the pour plate method with nutrient agar. The plates were
incubated aerobically at 37 ◦C for 48 h.

2.7. Diabetic models

Diabetes was prompted by a single dose of newly dissolved STZ
(50 mg/kg of body weight; Sigma, USA) in a 0.1 mol/l citrate buffer
(pH 4.5) into the peritoneum. Control group rats were injected
with citrate buffer. After seven days of STZ dose, rats were care-
fully chosen for serum glucose levels. Rats with a serum glucose
level ≥ 200 mg/dl after 2 h of glucose absorption were deemed as
diabetic and designated for further studies.

2.8. ELISA estimation of INF-�

The INF-� level in serum of investigational groups was cal-
culated using specific ELISA kits bought from Abcam, USA. The
concentration of INF-� was determined using a spectrophotometer
at 450 nm according to the manufacturers’ instructions.

2.9. Histological studies

All rats were subjected to euthanizing overdose of isoflurane.
Tissue sections were collected from the wound locations in order
to evaluate the wound zone. In order to identify the collagen depo-
sition in the dermal tissues, Mallory Trichrome stain was carefully
applied. The tissue damage degree was  inspected blindly via a Leica
DMRB/E light microscope (Heerbrug, Switzerland). Sections images
were taken, followed by digitalization using Adobe Photoshop
(Adobe Systems, Mountain View, CA). Wounds were detached from
four rats of each handling group, just two days after being wound-
ing by cutting a square area that comprised the whole wound site.
The gathered tissues were instantly kept in a solution of formalde-
hyde; 10%, in phosphate-buttered saline, then washed using PBS,
dehydrated in series of alcohol dilutions and inserted in paraffin.
Microtome segments were cut vertically thru the wound site and
adhered to slides prior to staining.

2.10. Statistics

The statistical study was accomplished by means of MINITAB
software (MINITAB, State College, PA, Version 13.1, 2002). All
obtained numbers were normally disseminated with uniform alter-
ations. Consequently, one-way ANOVA statistical was  utilized to
define the whole influence of each treatment. This test was comple-
mented by individual comparison between the different treatments
using Tukey’s method for pairwise comparisons. The results were

expressed as mean (M)  ± standard deviation (SD). Only statistically
significant changes with P < 0.05 were found between the treat-
ment and the control group, and between the treatment and the
older or diabetic group considered.
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he  significance in comparison with the control group. *Shows the significance in c

. Results

.1. Effects of the four HA compounds on old models

.1.1. External variations in the wound morphology
External variations in the morphology of wound were observed

aily during the investigational period. The percentage of older rats
isplaying wound closure was significantly lesser than that of the
ontrol rats. HA4 was found to retrieve the wound closure rate
n the older rats to a comparable level to that of the young rats
Fig. 1A).

To observe the improvement of wound healing, morphometric
ignals were assessed at two day intervals. The size of the wound
pening was significantly greater in sections from older rats in con-
rast to those from the young rats. The wound opening of older
ats complemented with HA4 was gradually minimized, neverthe-
ess, to become totally closed by the eighth day after wounding.

oreover, the number of new blood vessels and the depth of the
ermal tissue in the wounded area were significantly decreased in
lder rats in comparison to the younger ones, but HA4 was found
o significantly stimulate angiogenesis and the assembly of dermal
onstituents (Fig. 1A).

.1.2. Inhibition of Pathogenic bacteria

We  detected the quantitative changes of the bacterial load in

ounded tissues over time. As shown in Fig. 1(b,c), HA2 and HA4
ere found to significantly inhibit the pathogenic bacteria-growing

n the wound sites throughout the experimental time in compari-
r and kidney tissues from different groups. Values shown are means ± SD. #Shows
ison with the diabetic group.

son to the control non-treated rats. Although, HA1 and HA3 were
found to significantly inhibit the pathogenic bacteria growing in
the wound sites, they failed to completely suppress this bacterial
growing comparing to HA2 and HA4 (Fig. 1b,c).

3.1.3. Histological changes in the wound region
The epidermal cells covered the wounded region and the colla-

gen fibers started to invade the dermal tissue of the control rats.
However, some bubbles were noticed in numerous slides from
the control rats signifying a slow healing. In HA1 rats, the two
epidermal tongues were obviously appeared. In HA2 rats, the epi-
dermal migration under the immature scar was normally extended
with some few bubbles. The dermis was very disturbed in the sec-
tions from HA3 group. Interestingly, the collagen fibers were fully
distinguished and well symmetrically distributed under the new
epidermal tissue with mature scar in HA4 group. Noteworthy, is
the formation and proliferation of the hair follicles which desig-
nate a well dermal contraction and normal repair in comparison to
the control group (Fig. 2).

3.2. Effects of the two selected HA (HA2 and HA4) compounds on
diabetic models
This part of the study was dedicated to discourse the effect HA2
and HA4 in the diabetes-induced rats. As inflammatory cytokines
and oxidative stress are of the major contributive factors in patho-
genesis and progression of the disease, so assessment of INF-� and
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ig. 6. The level of MDA  (A,B), creatinine (C) and alkaline phosphatase (D) in both l
ignificance in comparison with the control group. *Shows the significance in comp

xidative stress markers was the main motto of this section of the
tudy.

.2.1. Effect of HA2 and HA4 on the level of interferon gamma
Interferon gamma  as an inflammatory cytokine was  estimated

fter 24 h of wounding. Diabetes was found to significantly elevate
he concentration of interferon gamma  in comparison to the control
ealthy rats. On the other hand, the compound HA4 was found to
bviously normalize its level in the diabetic rats. This means that
A4 stopped the elevation of inflammatory cytokines to permit the

ubsequent normal healing phases (Fig. 3).

.2.2. Effect of HA2 and HA4 on antioxidant enzymes and
roteins of diabetic rats
.2.2.1. Superoxide dismutase (SOD). Liver: After 1st day of the
reatment, group DM showed a decline in the specific activity
f SOD by 38.55% while the CN-H demonstrated merely 8.96%
f decrease as compared to the control. Among the combination
roups, HA2 and HA4 exhibited an increase in its activity by 8.35%
nd 28.44% with respect to the group DM.  After 7th day of the
reatment, the animals showed similar but stronger pattern. DM
roup demonstrated a decrease in its activity by 45.35% while HA2
nd HA4 showed an increase by 13.67% and 35.94% respectively as
ompared to group DM (Fig. 4A).
Kidney: After 1st day of the treatment, DM group showed a dip
n its activity by 47.19% whereas HA2 and HA4 demonstrated a rise
n its activity by 18.75% and 38.28% in the same sequence. After
th day of the treatment, the decline in DM group was  found to
d kidney tissues from different groups. Values shown are means ± SD.  #Shows the
 with the diabetic group.

be 41.39% while the group- HA2 and HA4 showed an increase by
22.78% and 46.35% with respect to the DM group (Fig. 4B).

3.2.2.2. Reduced glutathione (GSH). Liver: After 1st day of the treat-
ment, DM group showed decrease in GSH level by 41.29% while
HA2 and HA4 demonstrated replenishment in its level by 19.34%
and 47.50% as compared to the DM group. After 7th day of the treat-
ment, the dip in its level in DM group rose to 47.97% while HA2 and
HA4 showed recovery in its level by 26.25% and 56.41% with respect
to the DM group (Fig. 5A).

Kidney: After 1st day of the treatment, GSH level was found to
be compromised by 41.83% in DM group as compared to the control
whereas HA2 and HA4 demonstrated replenishment in its activity
by 10.99% and 32.69%. After 7th day of the treatment, its level was
decreased by 43.23% in the group DM whereas its level was found
to be increased by 13.45% and 45.85% in HA2 and HA4 groups with
respect to the DM group (Fig. 5B).

3.2.2.3. Glutathione reductase activity (GR). Liver: After 1st day of
the treatment, GR activity was decreased by 35.41% and 26.40% in
the DM and CN-H groups. The combination groups, HA2 and HA4
showed the increase by 12.84% and 39.35% as compared to the
DM group. After 7th day of the treatment, the activity of GR was
decreased by 38.41% and 27.35% in DM and CN-H groups respec-
tively while its activity was observed to be improved by 14.04% and
40.86% in HA2 and HA4 groups respectively (Fig. 5C).
Kidney: After 1st day of the treatment, DM group showed a
decrease in its activity by 20.90% followed by 12.15% in CN-H group.
HA2 and HA4 groups demonstrated an increase in its activity by
4.19% and 14.79% respectively as compared to the DM.  After 7th
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Fig. 7. Histological events one day post-wounding in different groups. A: The number if inflammatory cells (neutrophils in the first wound line, neutrophils and other cells
in  the superficial line of the damaged dermis and inflammatory cells deep in the damaged dermis) in the wound region. B: The epidermal migration distance (epidermal
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ith  the diabetic group.

ay of the treatment, DM group exhibited 25.94% of decline fol-
owed by 16.04% in the group CN-H while HA2 and HA4 showed the
ncrease in its activity by 8.63% and 17.30% in the same sequence

ith respect to the DM group (Fig. 5D).

.2.3. Effect of HA2 and HA4 on toxicity markers of diabetic rats

.2.3.1. Malondialdehyde (MDA) level. Liver: After 1st day of the
reatment, DM showed enhancement in the level of MDA  by
47.64% followed by 29.24% in CN-H group by as compared to the
ontrol. Among the combination groups, HA2 and HA4 demon-
trated a decrease in its level by 14.66% and 30.47% respectively.
fter 7th day of the treatment, DM demonstrated an increase in its

evel by 258.74% followed by 23.07% in CN-H group. However, HA2
nd HA4 groups showed decrease in its level by 39.96% and 60.81%
espectively (Fig. 6A).

Kidney: After 1st day of the treatment, DM group showed
nhanced the level of MDA  by 181.11% followed by 11.18% in CN-

 group. HA2 and HA4 groups demonstrated the decrease in its
evel by 40.54% and 53.98% respectively. After 7th day of the treat-

ent, DM group showed an increase in MDA  level by 275% followed
y 9.7% in case of CN-H group. However, HA2 and HA4 groups
isplayed a decrease in its level by 44% and 60% respectively as
ompared to the DM group (Fig. 6B).
.2.3.2. Creatinine level. Creatinine is considered as one of the most
eliable renal function marker. Its level, after 1st day of the treat-
ent, was found to be raised by 241.89% in DM group while CN-H

howed only 4.72% of increment in the kidney samples as compared
 fibroblast number read in the 100× field for each group. D: The dermal depth in
nce in comparison with the control group. # shows the significance in comparison

to the control. However, HA2 and HA4 showed decrease in its level
by 34.78% and 51.77% in respective kidney samples. After 7th day
of the treatment, its level rose to 294.11% and 3.77% in DM and
CN-H groups respectively. Hitherto, HA2 and HA4 groups showed
a marked decrease in its level by 38.04% and 58.58% with respect
to the DM group (Fig. 6C).

3.2.3.3. Alkaline phosphatase (ALP) activity. ALP is one of most
important liver function markers to assess toxic burden on the liver.
In the present study, after 1st day of the treatment, its activity was
raised by 42.64% and 90.87% in CN-H and DM groups respectively
as compared to the control. However, groups HA2 and HA4 showed
decrease in its activity by 23.80% and 34.82% with respect to the DM
group. After 7th day of the treatment, DM group showed 112.80% of
enhanced activity of ALP followed by 28.08% in CN-H group. How-
ever, the combination groups, HA2 and HA4 showed decrease in its
activity by 27.19% and 40.17% respectively as compared to the DM
group (Fig. 6D).

3.2.4. Effect of HA2 and HA4 on the histological morphometric
indices

Our histological outcomes pointed to a marked deficiency in
the number of neutrophils in the wounds of diabetic rats, which
was complemented with impairment of the healing process. In

the group of diabetic rats, inflammatory cell number in the der-
mal  region, declined throughout the first 24 h after wounding.
Both the neutrophil number and the inflammatory cell number
in the dermal region recovered in diabetic rats, which received
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A4 supplementation (Fig. 7A). Interestingly, HA4 was  found to
ignificantly recover the epidermal cell migration to the normal
ne (Fig. 7B). It was observed that fibroblast number was recov-
red in the HA4 rats (Fig. 7C). Furthermore the dermal depth was
ormalized by HA4 (Fig. 7D).

After seven days of wounding, the epidermal migration (Fig. 8A),
he fibroblast number (Fig. 8B) and the dermal depth (Fig. 8C) were
ecovered in the HA4 rats. Thus, the wound size in diabetic rats
reated with HA4 was significantly lower than that in diabetic ones.

. Discussion

While it is known that recruitment of cells and mediators is
ltered during impaired wound healing, thereby delaying this pro-
ess [1,36], little is performed to find a potential compound to
utcome this problem. Recently HA was intensively applied in
rder to solve the impaired wound healing. Bioactivity of HA-based
anofibrous scaffolds was able to release growth factors that can
ctivate wound healing [37] and HA was beneficial in treating dia-
etic foot [5] and markedly improved skin mechanical properties

38]. HA derivatives increase the healing progression in burns,
pithelial surgical wounds, and chronic wounds [24]. The com-
ination of HA, Col and EGF stimulated cell activity comprising
ell migration and proliferation on the adipose tissue in a dia-
rmal migration distance (epidermal tongue) from the old epidermal periphery in
roup. D: The dermal depth in relation to the diameter of 100× field. Values shown
he significance in comparison with the diabetic group.

betic wound [39]. Here we investigated the impact of four newly
prepared compounds from hyaluronic acid on the wound healing
events in an older rat model. The high molecular weight of HA
(HA2) and its combination with silver nanoparticles (HA4) were
found to accelerate the wound healing process in older rat model.
Silver nanoparticles also can accelerate the healing process in dia-
betic/non diabetic rates [32,33,40]. Combination of HA with silver
nanoparticles (HA4) was  superior on HA2 in the diabetic model.

This part of the study is dedicated to investigate the ameliora-
tive potential of hyaluronic acid (HA2) and its combination with
silver nanoparticles (HA4) in the Diabetes Miletus (DM) induced
rats. The DM group clearly showed how most of the oxidative stress
marker enzymes (SOD and GR) and the proteins (GSH) were sig-
nificantly compromised concomitant with elevated level of MDA
and organ function markers (ALP and creatinine) in the present
study. This pattern of redox status clearly suggests that oxidative
stress plays a central role in the pathogenesis of Diabetes Miletus.
Interestingly, the pattern was found consistent in the DM group
animals on the 1st day as well as on the 7th day after the dia-
betes induction. Moreover, the extent of oxidative stress mediated

perturbation was  found exacerbated in diabetes induced rats after
one week of the induction. All these observations prove that oxida-
tive stress is one of the major causative factors in progression and
advancement of the disease that might be attributive involved in
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evering of the sufferings of the diabetic patients [41,42]. Further-
ore, the behavior of major organ toxicity markers (creatinine and

lkaline phosphatase) indicate that the kidney is the target organ in
M group whereas the liver was found target organ in control hurt

CN-H) group. Intriguingly, hyaluronic acid was found as a very effi-
ient antioxidant which further improved with silver nanoparticles
n the diabetic induced rats. Both the treatment groups- HA2 and
A4 demonstrated significant restoration of the normal redox sta-

us after their single dose on day 1 and this further improved in most
f the oxidative parameters on the 7th day of consecutive dosing.
he present investigation clearly entails that hyaluronic acid has

 significant dose dependent antioxidant and antidiabetic activity
hat further improves with silver nanoparticles.

It is well established that diabetes mellitus is a metabolic dis-
rder whose pathogenesis and progression are based on altered
edox status in vivo [43–46]. This notion is well presented by this
ection of work showing significantly elevated redox and toxicity
arkers in the diabetic rats that were found to be normalized by

yaluronic acid and its combination silver nanoparticles in dose
nd time dependent manner.

The liver is considered as a central immunological organ of the
hole organism [47,48]. In the CN-H group that was hurt with-

ut any treatment, was showing more alteration most of the redox
nd toxicity markers in the liver sample as compared to their kid-
ey samples. However, in diabetic rats, the kidney becomes the
entral target with respect to the liver. The constant high glucose
oncentration in diabetic induced rats put exert extra burden on
he glomerular filtration in the kidneys. Besides, the glycation of
ey biomolecules and cellular components compromise the activ-
ty of many enzymes and key protein including the antioxidant
nzymes and reduced glutathione and sulfhydryl groups [36,44].
his might be the reason for kidneys being more targeted in DM
s compared to the liver. It is well known that hyaluronic acid
s an effective antioxidant natural compound that occurs in var-
ous types of tissues including epithelial and epidermal cells in
iving organisms [49,50]. It acts as an important constituting agent
s well as an immune-modulator that are important requisites in
ound-healing and tissue repair mechanism [51]. Furthermore,

ilver nanoparticles have been documented for their antioxidant,
nti-inflammatory and immune stimulant properties that make
hem an excellent promising drug delivery system [52,53]. These
ontemporary studies clearly support our findings that the antioxi-
ant and anti-diabetic properties of hyaluronic acid increases many
olds if co-administered with silver nanoparticles. These nanopar-
icles have the ability to enter into the cytoplasmic vicinities that
nhance bioavailability of the drugs in the target organs that conse-
uently improve the overall pharmacodynamics, efficacy and safety
rofile of the proposed drug.

onclusions

This data confirms the critical role of HA4 to improve granula-
ion and inflammatory mediators in impaired older and diabetic rat
ound healing.
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Šmejkalová, M.  Kolář, M.  Pekar, A.S. Aly, Antibacterial activity and cell
viability of hyaluronan fiber with silver nanoparticles, Carbohydr. Polym. 2
(2013) 1177–1187.

34] A. Schwentker, Y. Vodovotz, R. Weller, T.R. Billiar, Nitric oxide and wound
repair: role of cytokines? Nitric Oxide 7 (1) (2002) 1–10.

35] A.M. Abdelgawad, S.M. Hudson, O.J. Rojas, Antimicrobial wound dressing
nanofiber mats from multicomponent (chitosan/silver-NPs/polyvinyl alcohol)
systems, Carbohydr. Polym. 100 (2014) 166–178.

36] H. Ebaid, Promotion of immune and glycaemic functions in
streptozotocin-induced diabetic rats treated with un-denatured camel milk
whey proteins, Nutr. Metab. 11 (31) (2014) 1743–7075.

37] Z. Wang, Y. Qian, L. Li, L. Pan, L.W. Njunge, L. Dong, L. Yang, Evaluation of
emulsion electrospun polycaprolactone/hyaluronan/epidermal growth factor
nanofibrous scaffolds for wound healing, J. Biomater. Appl. 26 (2015),

0885328215586907.

38] M.  Galeano, F. Polito, A. Bitto, N. Irrera, G.M. Campo, A. Avenoso, M.  Calo, P. Lo
Cascio, L. Minutoli, M.  Barone, F. Squadrito, D. Altavilla, Systemic
administration of high-molecular weight hyaluronan stimulates wound
healing in genetically diabetic mice, Biochim. Biophys. Acta 7 (2011) 752–759.

[

ogical Macromolecules 89 (2016) 582–591 591

39] S. Kondo, H. Niiyama, A. Yu, Y. Kuroyanagi, Evaluation of a wound dressing
composed of hyaluronic acid and collagen sponge containing epidermal
growth factor in diabetic mice, J. Biomater. Sci. Polym. Ed. 23 (13) (2012)
1729–1740.

40] A.M. Abdel-Mohsen, R.M. Abdel-Rahman, M.M.G. Fouda, L. Vojtova, L. Uhrova,
A.F.  Hassan, S.S. Al-Deyab, I.E. El-Shamy, J. Jancar, Preparation,
characterization and cytotoxicity of schizophyllan/silver nanoparticle
composite, Carbohydr. Polym. 102 (1) (2014) 238–245.

41] A.C. Maritim, R.A. Sanders, J.B. Watkins 3rd., Diabetes, oxidative stress, and
antioxidants: a review, J. Biochem. Mol. Toxicol. 17 (1) (2003) 24–38.

42] T.V. Fiorentino, A. Prioletta, P. Zuo, F. Folli, Hyperglycemia-induced oxidative
stress and its role in diabetes mellitus related cardiovascular diseases, Curr.
Pharm. Des. 19 (32) (2013) 5695–5703.

43] M.M.  Alam, D. Meerza, I. Naseem, Protective effect of quercetin on
hyperglycemia, oxidative stress and DNA damage in alloxan induced type 2
diabetic mice, Life Sci. 109 (1) (2014) 8–14.

44] D. Meerza, I. Naseem, J. Ahmed, Effect of 1, 25(OH)(2) vitamin D(3) on glucose
homeostasis and DNA damage in type 2 diabetic mice, J. Diabet.
Complications 26 (5) (2012) 363–368.

45] I. Hassan, S. Chibber, I. Naseem, Ameliorative effect of riboflavin on the
cisplatin induced nephrotoxicity and hepatotoxicity under photoillumination,
Food Chem. Toxicol. 48 (8–9) (2010) 2052–2058.

46] I. Hassan, S. Chibber, I. Naseem, Vitamin B(2): a promising adjuvant in
cisplatin based chemoradiotherapy by cellular redox management, Food
Chem. Toxicol. 59 (2013) 715–723.

47] C.N. Jenne, P. Kubes, Immune surveillance by the liver, Nat. Immunol. 14 (10)
(2013) 996–1006.

48] V. Racanelli, B. Rehermann, The liver as an immunological organ, Hepatology
43 (2 Suppl. 1) (2006) S54–62.

49] C. Ke, L. Sun, D. Qiao, D. Wang, X. Zeng, Antioxidant acitivity of low molecular
weight hyaluronic acid, Food Chem. Toxicol. 49 (10) (2011) 2670–2675.

50] G.M. Campo, A. Avenoso, S. Campo, A.M. Ferlazzo, A. Calatroni, Administration
of  hyaluronic acid and chondroitin-4-sulfate limits endogenous antioxidant
depletion and reduces cell damage in experimental acute pancreatitis,
Pancreas 28 (2) (2004) E45–53.

51] M.  Prosdocimi, C. Bevilacqua, Impaired wound healing in diabetes: the
rationale for clinical use of hyaluronic acid plus silver sulfadiazine, Minerva
Med. 103 (6) (2012) 533–539.

52] R. Cortivo, V. Vindigni, L. Iacobellis, G. Abatangelo, P. Pinton, B. Zavan,
(2010) 641–656.
53] L. Ge, Q. Li, M.  Wang, J. Ouyang, X. Li, M.M.Q. Xing, Nanosilver particles in

medical applications: synthesis, performance, and toxicity, Int. J. Nanomed. 9
(2014) 2399–2407.

http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0250
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0255
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0260
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265
http://refhub.elsevier.com/S0141-8130(16)30432-9/sbref0265

	Wound healing of different molecular weight of hyaluronan; in-vivo study
	1 Introduction
	2 Materials and methods
	2.1 Preparation of hyaluronic acid solution with and without silver nanoparticles
	2.2 Preparation of silver/hyaluronan nanoparticles composite
	2.3 Experimental design
	2.4 Ethical approval
	2.5 Excisional wound preparation
	2.6 Total bacterial count
	2.7 Diabetic models
	2.8 ELISA estimation of INF-γ
	2.9 Histological studies
	2.10 Statistics

	3 Results
	3.1 Effects of the four HA compounds on old models
	3.1.1 External variations in the wound morphology
	3.1.2 Inhibition of Pathogenic bacteria
	3.1.3 Histological changes in the wound region

	3.2 Effects of the two selected HA (HA2 and HA4) compounds on diabetic models
	3.2.1 Effect of HA2 and HA4 on the level of interferon gamma
	3.2.2 Effect of HA2 and HA4 on antioxidant enzymes and proteins of diabetic rats
	3.2.2.1 Superoxide dismutase (SOD)
	3.2.2.2 Reduced glutathione (GSH)
	3.2.2.3 Glutathione reductase activity (GR)

	3.2.3 Effect of HA2 and HA4 on toxicity markers of diabetic rats
	3.2.3.1 Malondialdehyde (MDA) level
	3.2.3.2 Creatinine level
	3.2.3.3 Alkaline phosphatase (ALP) activity

	3.2.4 Effect of HA2 and HA4 on the histological morphometric indices


	4 Discussion
	Conclusions
	Competing interests
	Acknowledgements
	References


