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Effects of amniotic membrane extract
and deferoxamine on angiogenesis in
wound healing: an in vivo model

amniotic membrane extract

●

angiogenesis

●

deferoxamine

●

the angiogenic markers, particularly new vessel numbers (p<0.008) and
CD31+ compared with controls (p <0.003), and deferoxamine increased
new vessel numbers and Von Willebrand factor (vWF) significantly
compared with controls (p<0.008). There was an increase in angiogenic
factors in the combined group, however, this was not statistically
significant difference was observed. There was no difference between
amniotic membrane extract and deferoxamine.
Conclusion: Amniotic membrane extract or deferoxamine could be
used interchangeably in angiogenesis within wound healing due to their
high safety and availability.
Declaration of interest: The authors have no conflicts of interest to
declare.

wound healing

A

ngiogenesis or neovascularisation, the
development of new blood vessels, can
facilitate oxygen or nutrients distribution
in the ischaemic wound. Therefore,
enhancing angiogenesis could be a way to
prevent insufficient oxygen and nutrients, following
the blockage of vessels by accumulation of either free
radicals and cytokines or thrombosis in the skin flap,
which is used for testing the potency of agents in
covering the damaged tissue.1,2 Induction of this
pathway, could be the key point for the treatment of
disorders such as cardiovascular disease, chronic
inflammatory disease and wound healing, due to its
crucial role in both proliferation and reconstruction of
damaged tissue; on the other hand suppression of
angiogenesis in conditions like cancer could be
beneficial.3 In light of previous studies, some therapies
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via angiogenic properties like growth factors, amniotic
membrane extract, deferoxamine, and other agents by
increment of perfusion rate, such as vasodilators,
calcium channel blockers, prostaglandin suppressant,
anticoagulant, glucocorticoids, and hyperbaric oxygen,
were analysed for wound healing.4,5 The high dose
requirement of systemic medicines, along with severe
side effects and paradoxical effects of hyperbaric
oxygen lead to an increased focus on topical
administration of angiogenic agents such as amniotic
membrane extract and deferoxamine for ischaemic
wound healing.6,7
Amniotic membrane extract is derived from the
innermost layer of placenta, and has been widely used
in plastic surgery for skin injuries as well as other sites
including oral, genital, nervous, ocular, and many
other organ reconstructions over the past decades.8–11
The presence of angiogenic factors such as vascular
endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF), basic fibroblast growth factor
(bFGF), in addition to activity against inflammation,
fibrosis, fluid loss, pain, and infection highlight
amniotic membrane extract as a useful option in
wound healing.12
Deferoxamine, an iron chelator, is routinely used in
haematologic problems with high levels of iron.13
Stabilising hypoxia-inducible factor-1α (HIF-1α) as a
transcriptional factor for VEGF activation, an increase
in cyclooxygenase-2 (COX-2), together with hyper
phosphorylation of Akt-endothelial nitric oxide
synthase (Akt-eNOS) cascade, supports the role of
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Objective: Angiogenesis, formation of new vessels from pre-existing
vessels, is an essential part of wound healing. We aimed to compare
amniotic membrane extract with deferoxamine in angiogenesis and to
assess any synergistic effect.
Method: We examined four groups of rats (five per group): control,
deferoxamine, amniotic membrane extract, and deferocxamine and
amniotic membrane extract in combination. A distal-based skin flap was
created. Deferoxamine (100mg/kg), amniotic membrane extract (0.1mg/
ml), and the combination of both were injected subcutaneously every
other day in 10 separate points (0.1 ml at each point) in the skin flap. On
day 11, the animals were euthanised for histopathological evaluation.
Results: Results indicated that the amniotic membrane extract raised
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Materials and methods
Materials
Amniotic membrane extract 0.1mg/ml of total protein
(Royan Institute,Tehran, Iran), Deferoxamine Mesylate
(Ronak Daru, Tehran, Iran), CD31 (antibody, clone
JC/70A, mouse anti-human, Dako, Denmark), CD34
(antibody, clone, QBEnd-10, mouse anti-human, Dako,
Denmark), vWF (antibody, rabbit anti-human, Dako,
Denmark), digital camera (Olympus CH30, Tokyo,
optical, Japan) were used in this study.
Animals
Healthy male Wistar rats weighing 350–400g were
purchased from Razi Institute. They were housed in
separate cages under standard circumstances including
12/12 hour light/dark cycle, temperature of 26±1°C,
and free access to standard pellet diet and water ad
libitum. This study was conducted according to the
guidelines set out by the Helsinki Declaration and
Ethical Committee of Imam Khomeini Hospital.
Flap technique
Rats were anaesthetised by 90mg/kg of ketamine 10%,
and 9mg/kg of xylazine 2%, intramuscularly. Following
this, the dorsal part of each rat was shaved and
disinfected by betadine and alcohol. The animals then
received 60mg/kg of cefazolin intramuscularly for
prophylaxis. Animal unconsciousness was examined by
pinch flexion/withdrawal test. Distal-based skin flap
(3×6cm) with the apex of pelvic joint on the dorsum of
the animals was determined based on modified
McFarline method.17 The skin flap was elevated up to
the underneath of the panisiculus carnosus and the
cauterisation of axial or perforating vessels was
performed. All surgical procedures were carried out
under sterile condition.
Amniotic membrane extract preparation
This extract was derived from healthy and live donors,
and contained stem cells with no tissue compatible
genes resulting in type 2 immune response. The
placenta, including amnion membrane, was rinsed by
buffer solution of phosphate-buffered saline (PBS,
pH=7.2) containing penicillin (1000U/ml) and
streptomycin (50μg/ml) in order to remove blood
S28

residues. The amnion layer was then separated from the
rest of the placenta, rinsed by PBS and divided into
smaller pieces. The small sections were turned into
powder form by liquid nitrogen. Following this, 2ml of
injectable sterile water was added to 1g of the powder.
The final solution was sonicated to disrupt the cell
membrane and release cellular contents such as
proteins. The tubs were put in ice during sonication to
prevent protein denaturation. The uniform solution
was centrifuged (4000rpm) and the supernatant was
then centrifuged (1500rpm) again. The solution
containing proteins was sterilised with 0.2μm filter and
stored at –70 °C. Finally, the total protein of the extract
was calculated using Bradford Assay test.18
Experimental procedure
A sample of 20 rats were randomly divided into four
groups, with five rats in each group:
●● control
●● deferoxamine
●● amniotic membrane extract
●● deferoxamine and amniotic membrane extract in
combination.
Following the skin flap formation, in rats in the
control group, 1ml of normal saline was injected
subcutaneously into the skin flap into 10 predetermined
points, equidistant from each other (0.1ml in each
point). In rats in the amniotic membrane extract group,
0.1ml of prepared amniotic membrane extract was
injected in each point, and in the deferoxamine group,
100mg/kg of this solution was injected in each point,
subcutaneously. 15 In the combination group,
deferoxamine (100mg/kg) was injected subcutaneously
first, immediately followed by a subcutaneous injection
of amniotic membrane extract (0.1ml).
The overall trial duration was 10 days and the
injections were given every other day (totalling five sets
of injections) in all four groups. On day 11, the animals
were euthanised by CO2 gas and the skin flaps then
detached and kept in formalin 10% before performing
histopathological tests.
Immunohistochemistry (IHC) process
Tissues samples of 1–2μm thickness were incised from
each rat and attached to lamella for 24 hours at 37°C.
The lamellas were then sunk in xilene for seven
minutes, alcohol (70–100%) for five minutes, and PBS
or tris-buffered saline (TBS) for five minutes. For release
of related antigens and breaking the formalin-protein
bonds, the lamellas were soaked in citrate buffer (pH6),
heated in a 900-watt microwave (which reached about
120oC temperature) for 5–7 minutes, retrieved for
35–45 minutes, and finally rinsed with sterile water.
After blocking with H2O2, the samples were dipped in
H2O2 (3/5–5%) for 7–10 minutes to inhibit the
intracellular H2O2 and then rinsed with sterile water.
The lamellas were immersed in PBS to reach a pH of
7.2–7.4. The specific primary antibodies for CD31+
(1:20 dilution), CD34+ (1:30 dilution) and vWF (1:30
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deferoxamine in angiogenesis.14,15 Moreover, by
removing radicals and binding with iron responsible
for hydroxyl radical production, deferoxamine is able
to prevent necrosis as a consequence of free radicals
activity in skin graft.16 This study aimed to investigate
the efficacy of amniotic membrane extract compared
with deferoxmine in sprouting vessels by assessment of
particular angiogenic markers including CD31+,
CD34+, Von Willebrand Factor (vWF), and new vessels
numbers. In addition, because of different mechanisms
in angiogenesis following each agent, we assessed the
synergistic effect of their combination in wound
healing.
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Table 1. Distribution and comparisons of new vessels count (CD31+, CD34+, vWF levels) between groups of study

New vessels number

CD31+ level

CD34+ level

vWF level

Groups of study*

Mean (SD)

Median (IQR)

p-value†

Statistically
significant pairs
differences‡

G1

25.4 (4.1)

25 (22–29)

0.007

G1G2

G2

47 (4.95)

45 (43–51)

G1G3

G3

54.8 (12.32)

48 (46–66.5)

G1G4

G4

51.2 (6.42)

52 (45–57)

G1

1 (0)

1 (1)

G2

1.2 (0.45)

1 (1–1.5)

G3

2 (0.71)

2 (1.5–2.5)

G4

1.2 (0.45)

1 (1–1.5)

G1

1.6 (0.55)

2 (1–2)

G2

1.6 (0.55)

2 (1–2)

G3

2.2 (0.45)

2 (2–2)

G4

1.8 (0.45)

2 (1.5–2)

G1

1 (0)

1 (1–1)

G2

1.8 (0.45)

2 (1.5–2)

G3

1.6 (0.55)

2 (1–2)

G4

2 (0)

2 (2–2)

0.036

G1G3

0.24

-----------

0.011

G1G2
G1G4

*G1—Control, G2—Deferoxamine, G3—Extract of Amniotic Membrane, and G4—Extract of amniotic membrane and Defroxamine; SD—standard deviation; IQR—interquartile range; †Kruskal
Wallis test; ‡post-hoc multiple comparisons by Mann-Whitney U test with Bonferroni correction
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dilution) were added and incubated for one hour at
37°C.
The
lamellas
were
washed
by
immunohistochemistry (IHC) wash buffer and shaken
gently for five minutes. These steps were then repeated
with PBS buffer instead of IHC wash buffer. The
secondary conjugate antibody was added at 37°C for 30
minutes, and rinsed by IHC wash buffer and PBS as
explained previously. Diaminobenzidine (DAB)
solution with 1:20 concentration was poured on the
lamellas for 5–7 minutes and washed out by sterile
water. The lamellas were dipped in hematoxylin for 1–2
minutes, washed with sterile water for five minutes,
with alcohol 70% for five minutes, then with alcohol
100% for five minutes, and with xilene for five minutes
before mounting the lamellas on the sample on to the
slides. The immunohistochemistry-stained slides were
evaluated for CD31+, CD34+, vWF levels, and new
vessels numbers with high power field (HPF). A trained
pathologist, blinded to the trial, carried out
the procedures.
New vessels counting
The areas of the IHC-stained slides with possible new
vessels were observed using an optical microscope at
10× magnification. We examined 10 fields containing
the most vessel density (hot spots) and then counted
the blood vessel number per mm2 of each field
JOURNAL OF WOUND CARE

with 40× magnification. Finally, the mean of total
blood vessels density was reported. It is important to
note that the cluster form of endothelial cells was
considered as a blood vessel.19
Statistical analysis
As the study parameter values were not normally
distributed (Shapiro-Wilk test and Q-Q plot), they were
analysed with nonparametric statistical methods.
Kruskal Wallis tests with post-hoc multiple comparisons
by Mann-Whitney U test were used for the comparison
of values between the groups with Bonferroni
correction. Data were expressed as mean (SD) and
median (interquartile range). The level of significance
was set at p=0.05 and p=0.008 respectively. Data were
analysed using IBM SPSS statistics version 22.

Results
The angiogenic markers level was expressed as the
mean (SD) and median (interquartile range) values of
each group and is shown in Table 1.
New vessels number
The difference in new vessels number between groups
was statistically significant (p=0.007, Kruskal-Wallis
test). The treatment groups had a significantly higher
new vessels count than the control group (p<0.008,
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Fig 1. The comparison of new vessels count between groups of study. The
treatment groups had a significantly higher new vessels count than the control
group (p<0.008, Mann-Whitney U test with Bonferroni correction)
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Fig 2. The mean level of CD31+ between groups of study. The amniotic
membrane extract group had a significantly higher new vessels count than the
control group (p<0.008, Mann-Whitney U test with Bonferroni correction)
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Fig 3. The mean level of CD34+ between groups of study. There was no
statistically significant difference between groups of study
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vWF level
The difference in vWF between groups was statistically
significant (p=0.011, Kruskal-Wallis test). The
Deferoxamine and combination groups had a
significantly greater vWF level than the control group
(p<0.008, Mann-Whitney U test with Bonferroni
correction). There was no significant difference between
other pairs of groups (p>0.008, Mann-Whitney U test
with Bonferroni correction) (Fig 4).

Discussion

2.00

0.00

CD31+ and CD34+ level
The difference in CD31+ between groups was
statistically significant (p=0.036, Kruskal–Wallis test).
The CD31+ in Amniotic membrane extract group was
significantly greater than control group (p=0.003,
Mann-Whitney U test with Bonferroni correction).
There was no significant difference between other pairs
of groups (p>0.008, Mann-Whitney U test with
Bonferroni correction).The difference in CD34+
between groups was not statistically significant (p=0.24,
Kruskal-Wallis test) (Fig 2 and 3).

Amniotic
membrane
extract

Deferoxamine
and amniotic
membrane
extract

Angiogenesis as a development of new vessels has
drawn considerable attention in the wound healing
field, particularly with regard to some ischaemic
wounds such as diabetes, peripheral vascular disease,
and post-radiotherapy.20–22 Therefore, various agents
with angiogenic properties have been used in the
acceleration of wound healing.23–27 With regards to the
established angiogenic effect of amniotic membrane
extract and deferoxamine,14,28 we compared these
agents and their combination by measuring angiogenic
markers as specific and accessible indicators besides
new vessels numbers.
Our study showed that the amniotic membrane
extract increased angiogenesis by significantly elevating
angiogenic indicators, particularly new vessels number
and CD 31+, compared with the control group.
Choi et al. in 2009 evaluated the effectiveness of
amniotic membrane extract in cultured human corneal
epithelial cells and asserted that this suspension
contains growth factors that motivated the epithelium
migration and proliferation in order to accelerate the
wound restoration.29 Mirabella et al. in 2011 designed
a study in which they proved that the amniotic-derived
stem cells amplified the angiogenesis by either their
own angiogenic factors like monocyte chemoattractant
protein-1 (MCP-1) and VEGF, or recruitment of host
reparative cells in the murine model.30
A broad spectrum of pathways for angiogenic effects
of amniotic membrane extract have been postulated
within recent investigations.23–35 For example, amniotic
membrane extract, containing chemokines such as
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Mean of new vessels count

80.00

Mann-Whitney U test with Bonferroni correction).
There was no significant difference between other pairs
of treatment groups (p>0.008, Mann-Whitney U test
with Bonferroni correction) (Fig 1).
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of VEGF resulting in later events in order to
endothelialisation, so there is a cycle in which the
VEGF, as a main recognised element in angiogenesis, is
boosted positively. The combination group did not
become predominant compared to single compound
groups, in spite of the different mechanisms of each
agent in addition to the synergistic interaction, as
described above. However, the combination was more
capable of increasing vWF factor compared with single
compounds without any significance. We assumed that
insignificant differences might be as a consequence of
the small sample size, and the use of a larger number of
rats should be regarded within prospective animal
studies. Furthermore, other markers such as VEGF,
angiopoietin proteins Ang 1 and Ang 2, FLT-1, Tie-1,
and angiogenin can be also measured and further
studies in vivo are needed to certify their effect.

Conclusion
In conclusion, amniotic membrane extract and
deferoxamine are equally as effective in angiogenesis
during the wound healing process. The combination
did not surpass the single groups. Therefore, regarding
the pronounced angiogenic impact of these agents and
the importance of angiogenesis in the wound healing
process, especially ischaemic wounds, we suggest a
clinical study should be performed. JWC
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Reflective questions
●● What is the role of deferoxamine in angiogenesis?
●● Does amniotic membrane extract have a profound impact

on angiogenesis?
●● Is there any synergistic, or at least additive effect, following

the combination of deferoxamine and amniotic membrane
extract in angiogenesis?

rats. Arch Facial Plast Surg 1999; 1(1):27–32. https://doi.org/10.1001/
archfaci.1.1.27
3 Loffredo F, Lee RT. Therapeutic vasculogenesis: it takes two. Circ Res
2008; 103(2):128–130. https://doi.org/10.1161/CIRCRESAHA.108.180604
4 Li C, Yu DN, Wang H et al. [Experimental and clinical study on the
treatment of ischemic skin flap with topical application of PGE1].
Zhonghua Shao Shang Za Zhi (Chinese Journal of Burns) 2004;
20(2):88-91
5 Price MA, Pearl RM. Multiagent pharmacotherapy to enhance skin flap
survival: lack of additive effect of nitroglycerin and allopurinol. Ann Plast
Surg 1994; 33(1):52–56. https://doi.
org/10.1097/00000637-199407000-00010
6 Ehler WJ, Marx RE, Kiel J et al. Induced regression of oral carcinoma by
oxygen radical generating systems. J Hyperb Med 1991; 6(2):111–118
7 Kaelin CM, Im MJ, Myers RA et al. The effects of hyperbaric oxygen on
free flaps in rats. Arch Surg 1990; 125(5):607–609. https://doi.org/10.1001/
archsurg.1990.01410170053011
8 Bujang-Safawi E, Halim AS, Khoo TL, Dorai AA. Dried irradiated human
amniotic membrane as a biological dressing for facial burns—a 7-year
case series. Burns 2010; 36(6):876–882. https://doi.org/10.1016/j.
burns.2009.07.001
9 Dhall K. Amnion graft for treatment of congenital absence of the vagina.
Br J Obstet Gynaecol 1984; 91(3):279–282. https://doi.
org/10.1111/j.1471-0528.1984.tb04768.x
10 Nakamura T, Sekiyama E, Takaoka M et al. The use of trehalosetreated freeze-dried amniotic membrane for ocular surface reconstruction.
Biomaterials 2008; 29(27):3729–3737. https://doi.org/10.1016/j.
biomaterials.2008.05.023
11 Samandari MH, Yaghmaei M, Ejlali M et al. Use of amnion as a graft
material in vestibuloplasty: a preliminary report. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2004; 97(5):574–578. https://doi.org/10.1016/j.
tripleo.2003.10.031
12 Fairbairn NG, Randolph MA, Redmond RW. The clinical applications of
human amnion in plastic surgery. J Plast Reconstr Aesthet Surg 2014;
67(5):662–675. https://doi.org/10.1016/j.bjps.2014.01.031
13 Angel MF, Narayanan K, Swartz WM et al. Deferoxamine increases
skin flap survival: additional evidence of free radical involvement in
ischaemic flap surgery. Br J Plast Surg 1986; 39(4):469–472. https://doi.
org/10.1016/0007-1226(86)90115-3
14 Ikeda Y, Tajima S, Yoshida S et al. Deferoxamine promotes
angiogenesis via the activation of vascular endothelial cell function.
Atherosclerosis 2011; 215(2):339–347. https://doi.org/10.1016/j.
atherosclerosis.2011.01.009
15 Wang C, Cai Y, Zhang Y et al. Local injection of deferoxamine
improves neovascularization in ischemic diabetic random flap by
increasing HIF-1α and VEGF expression. PLoS One 2014; 9(6):e100818.
https://doi.org/10.1371/journal.pone.0100818
16 Hosgood G, Hodgin EC, Strain GM et al. Effect of deferoxamine and
hyperbaric oxygen on free, autogenous, full-thickness skin grafts in dogs.
Am J Vet Res 1995; 56(2):241–247
17 Nakayama Y, Soeda S, Kasai Y. Flaps nourished by arterial inflow
through the venous system: an experimental investigation. Plast Reconstr
Surg 1981; 67(3):328–334. https://doi.
org/10.1097/00006534-198103000-00009

18 Baradaran Rafii AR, Ebrahimi M, Shayan N et al. In-vivo Cultivation of
Limbal Stem Cells for Ocular Surface Reconstruction. Bina J Ophthalmol
2015; 20(3):255–263
19 Weidner N. Intratumor microvessel density as a prognostic factor in
cancer. Am J Pathol 1995; 147(1):9–19
20 Gieringer M, Gosepath J, Naim R. Radiotherapy and wound healing:
principles, management and prospects (review). Oncol Rep 2011;
26(2):299–307. https://doi.org/10.3892/or.2011.1319
21 Kolluru GK, Bir SC, Kevil CG. Endothelial dysfunction and diabetes:
effects on angiogenesis, vascular remodeling, and wound healing. Int J
Vasc Med 2012;918267. https://doi.org/10.1155/2012/918267
22 Ud-Din S, Sebastian A, Giddings P et al. Angiogenesis is induced and
wound size is reduced by electrical stimulation in an acute wound healing
model in human skin. PLoS One 2015; 10(4):e0124502. https://doi.
org/10.1371/journal.pone.0124502
23 Achar RA, Silva TC, Achar E et al. Use of insulin-like growth factor in
the healing of open wounds in diabetic and non-diabetic rats. Acta Cir
Bras 2014; 29(2):125–131. https://doi.org/10.1590/
S0102-86502014000200009
24 Atiba A, Nishimura M, Kakinuma S et al. Aloe vera oral administration
accelerates acute radiation-delayed wound healing by stimulating
transforming growth factor-β and fibroblast growth factor production. Am
J Surg 2011; 201(6):809–818. https://doi.org/10.1016/j.
amjsurg.2010.06.017
25 Gupta M, Poonawala T, Farooqui M et al. Topical fentanyl stimulates
healing of ischemic wounds in diabetic rats. J Diabetes 2015; 7(4):573–
583. https://doi.org/10.1111/1753-0407.12223
26 Porporato PE, Payen VL, De Saedeleer CJ et al. Lactate stimulates
angiogenesis and accelerates the healing of superficial and ischemic
wounds in mice. Angiogenesis 2012; 15(4):581–592. https://doi.
org/10.1007/s10456-012-9282-0
27 Xie L, Zhang M, Dong B et al. Improved refractory wound healing with
administration of acidic fibroblast growth factor in diabetic rats. Diabetes
Res Clin Pract 2011; 93(3):396–403. https://doi.org/10.1016/j.
diabres.2011.05.016
28 Mirabella T, Cilli M, Carlone S et al. Amniotic liquid derived stem cells
as reservoir of secreted angiogenic factors capable of stimulating
neo-arteriogenesis in an ischemic model. Biomaterials 2011; 32(15):3689–
3699. https://doi.org/10.1016/j.biomaterials.2011.01.071
29 Choi JA, Jin H, Jung S et al. Effects of amniotic membrane suspension
in human corneal wound healing in vitro. Mol Vis 2009; 15:2230–2238
30 Yazdanpanah G, Paeini-Vayghan G, Asadi S, Niknejad H. The effects
of cryopreservation on angiogenesis modulation activity of human
amniotic membrane. Cryobiology 2015; 71(3):413–418. https://doi.
org/10.1016/j.cryobiol.2015.09.008
31 Faulk WP, Stevens PJ, Burgos H et al. Human amnion as an adjunct in
wound healing. Lancet 1980; 1(8179):1156–1158. https://doi.org/10.1016/
S0140-6736(80)91617-7
32 Otrock Z, Mahfouz RA, Makarem JA, Shamseddine AI. Understanding
the biology of angiogenesis: review of the most important molecular
mechanisms. Blood Cells Mol Dis 2007; 39(2):212–220. https://doi.
org/10.1016/j.bcmd.2007.04.001
33 Ferrara N, Kerbel RS. Angiogenesis as a therapeutic target. Nature
2005; 438(7070):967–974. https://doi.org/10.1038/nature04483
34 Velasco P, Lange-Asschenfeldt B. Dermatological aspects of
angiogenesis. Br J Dermatol 2002; 147(5):841–852. https://doi.
org/10.1046/j.1365-2133.2002.05073.x
35 Yoo SY, Kwon SM. Angiogenesis and its therapeutic opportunities.
Mediators Inflamm 2013;2013:127170. https://doi.
org/10.1155/2013/127170
36 Mericli AF, Das A, Rodeheaver P etal. The impact of deferoxamine on
vascularity and soft-tissue biomechanics in a rat TRAM flap model. Plast
Reconstr Surg 2015; 136(1):125e–127e. https://doi.org/10.1097/
PRS.0000000000001386

JWC available at
 Save JWC articles for quick access
 Save your searches: great if you frequently search for the same criteria
 Get citation alerts to track citations to specific articles

www.magonlinelibrary.com/r/jowc
S32

JOURNAL OF WOUND CARE

© 2018 MA Healthcare ltd

Register for free and take advantage
of these great benefits and features:

W U W H S S U P P L E M E N T, V O L 2 7 , N O 6 , J U N E 2 0 1 8

Downloaded from magonlinelibrary.com by 194.066.072.104 on June 9, 2018.

