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Abstract: Calcium alginate has been proved to favor the skin ulcer healing and collagen synthesis was a critical fac-
tor for the wound closure. The present study was to elucidate the mechanism of calcium alginate on the diabetes
skin ulceration. Calcium alginate dressing was applied daily on the full-thickness exercising wound created on the
back of diabetic rat model as Alg-group (n=6), and the vaseline dressing was used as control (n=6). Rats were re-
spectively sacrificed and the wound tissues were removed and used for the evaluation of various biochemical analy-
sis contained collagen (type | and Ill) by Western blotting and hydroxyproline level changes by ELISA assay at 3 d, 7
d and 14 d after wounding. The expression of skin collagen | in Alg-group was enhanced from day 3 (0.66+0.25 vs.
0.42+0.09, P<0.05) to day 14 (1.09+0.14 vs. 0.78+0.16, P<0.05). However, no significant difference of collagen Ill
expression was found between two groups during wound healing (P>0.05). And the ratio of collagen I/11l in Alg-group
was greater than that of Vas-group at day 7 (1.07+£0.31 vs. 0.77+£0.11, P<0.05) and 14 (1.1840.30 vs. 0.83+0.14,
P<0.05). The hydroxyproline level in skin homogenate of Alg-group was higher than that of Vas-group from day 3
(30.294£0.92 ng/ml vs. 27.52+0.83 ng/ml, P<0.05) to day 14 (89.58+4.97 ng/ml vs. 79.30+4.42 ng/ml, P<0.05).
Calcium alginate accelerates the process of wound healing through improving type | collagen synthesis and increas-
ing ratio of collagen I/l in diabetic rats.
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for different periods, and the time period
depending on the health status of the injured
individual and the extent of the wound area [6].
The reduction of extracellular matrix, cell and

Introduction

The prevalence of diabetes has increased enor-
mous world-wide; its complications became

serious threats for public health [1, 2]. One of
these most severe complications is the delay-
ing and refractory foot ulcerations [3, 4]. The
normal wound healing process involves con-
secutive interactions of many different cell
types. Inflammation, proliferation, angiogene-
sis, epithelialization, matrix remodeling, and
scar maturation are the consequence of sever-
al basic processes [5]. This complex sequence
starts from the moment of injury and continues

growth factor of tissue related to normal wound-
repair process will be a vital contributing factor
to the poor healing of diabetic wound [3].

Collagen fiber is the main component of the
extracellular matrix of tissues and is the most
abundant protein in skin tissue, and optimum
deposition of collagen type | and Ill with their
proper ratio is essential during connective tis-
sue formation and to prevent scarring [7].
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Collagen | is responsible for higher tensile
strength, while collagen Ill is mainly found in
early wound healing stages [8], and they keep a
particular ratio in healthy skin [9]. The distribu-
tion of collagen fiber and their optimum ratio
are critical to maintain required crosslinked
density and mechanical toughness during the
wound healing process [10]. Thus, the increase
and stabilization of collagen fiber are of great
impact on the healing of diabetic wound.

Since 1980s, numerous wound healing dress-
ings constituted with natural polymers such as
alginate, chitosan, have been developed to pro-
mote the diabetic wound healing [11, 12].
Alginate, a natural herbal polymer, was a family
of linear copolymer that contains two uronic
acids, B-(1-4)-linked D-mannuronic acid (M) and
o-(1-4)-linked L-guluronic acid (G) [13]. Divalent
cations, such as Ca?*, can interact with alginate
polymer chains to form a gel structure. These
structures are composed by each divalention
interacting with two contiguous G-residues, or
with two G-residues in an opposing chain [14].
Calcium alginate is used in the fabrication of
wound dressings due to its excellent water-
absorbing quality, biodegradation, biocompati-
bility and outstanding film forming properties
[15]. However, to our knowledge, little is known
about the alteration of collagen and the ratio of
its different type in the diabetic wound during
the calcium alginate dressing therapy, particu-
larly the changes of ratio of collagen | and Il
Therefore, the aim of the present study was to
clarify whether the protective effect of calcium
alginate on the diabetic ulcer has some con-
nection with the change of collagen type | and
Il in diabetic rats.

Materials and methods
Materials

Calcium alginate dressing was supplied by
Shangdong Yinuo Biotechnology Co., Ltd,
Shandong, China, and the alginate extracted
from Laminaria hyperborean. Vaseline dressing
was purchased from Sigma-Aldrich USA The
supplied dressings were cut to suitable sizes
and sterilized by gamma irradiation before
dressing change. The mouse fibroblast cell line
(L929) was purchased from the Cellular Biology
Institute of the Chinese Academy of Sciences,
Shanghai, China.

6637

Cytotoxicity of calcium alginate

The cytotoxicity assay was performed as
described by Adetutu et al [16]. The ascending
concentrations of the extracted liquid of the
materials were prepared in serial dilutions
ranging from O to 12.0 mg/ml (0, 6.0, 12.0 mg/
ml). Mouse fibroblast cells (L929) were plated
individually in 96-well plates with 400 ul of
DMEM above the previously sterilized (UV light
for 30 min) biomaterials. 40 pl of 3-(4, 5-dimeth-
ylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) solution (5 mg/ml) was added to each
well after 0, 12, 24 and 48 h incubation. The
plates were further incubated at 37°C for 1 hin
an incubator containing 5% CO,. 300 pl of acid-
ic isopropanol (0.04 N HCI in isopropanol) was
added after this period. Quantification was pro-
cessed using an ELISA automatic microplate
reader (SLT, Austria) with a reference wave-
length of 450 nm. Each sample was examined
in thrice.

Establishment of diabetic wound and treat-
ment with calcium alginate dressing

Thirty-six healthy male Sprague-Dawley rats, 8
weeks old and weighting 220 g to 250 g, were
purchased from the Animal Breeding Center in
Shanghai Sixth People’s Hospital Affiliated to
Shanghai Jiao Tong University (Shanghai,
China). They were given a single i.p injection of
55 mg/kg STZ dissolved in sodium citrate buf-
fer (pH 4.5) to establish the diabetes model.
Blood glucose collected from rat tail-vein was
monitored using Blood Glucose monitor
(LifeScan Inc. Milpitas, CA) 3 days later. STZ-
treated rats with blood glucose levels exceeded
16.7 mM were considered diabetic. This study
was carried out on the basis of the criteria out-
lined in the “Guide for the Care and Use of
Laboratory Animals”, Institute of Laboratory
Animal Resources, National Research Council.
The full-thickness exercise wound was pre-
pared in these rats at 1 month after the onset
of diabetes. The animals were randomly divided
into two groups (Alg group and Vas group) with
18 rats each, then each group was assigned
into three subgroups based on their sacrificed
time (named 3, 7 and 14 day group, n=6 each
group). They were etherized for anesthesia, the
dorsal surface of the rat was hair removed by
electrical hair cutter. Then a 20 mmx20 mm
full-thickness wound was created by excising
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Figure 1. Cytotoxicity effects of calcium alginate. The
cell viability in the all groups (the concentrations of
extracted liquid of material were 6.0 and 12.0 mg/
ml) were identical to those (without material) in con-
trols (P>0.05), there was a significant difference in
the cell viability between O h and 12 h in the groups
which the concentrations were 6.0 and 12.0 mg/ml
(P<0.05). *P<0.05 when compared with the differ-
ent periods in the same group.

the dermis and epidermis. Calcium alginate
dressings were applied to cover the wound
beds as Alg-group, wound treated with vaseline
dressing alone (Vas-group) as control. The
wound dressings were changed every day, the
wound size was record daily, and wound lesion
appearance was collected by photographing at
a close and fixed distance at day O, 3, 7 and 14,
wound closure rate was calculated using the
following formula: Wound closure rate
(%)=[Wound area (day O-day t)/Wound area day
0]x100%. Rats were respectively sacrificed at
day 3, 7 and 14, a half of skin tissue within
wound area or 10 mm beside the wound were
collected and stored in refrigerator at -80°C for
future assay, and the other half wound skin was
prepared in 10% neutral buffered formalin for
histopathological observation.

Histopathological analysis

For histopathogical analysis, the moiety of the
skin tissue samples prepared in 10% neutral
buffered formalin was embedded in paraffin,
and was cut into 3 um thickness slices for his-
topathological examination through hematoxy-
lin/eosin (H&E) staining. For collagen formation
by Masson'’s trichrome staining, the tissue sec-
tions were deparaffinized and redehydrated
and then stained followed the instruction of
Masson’s Trichrome Staining kit. The stained
sections were observed with a Nikon YS100
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microscope with a DXM 1200F digital camera
(Nikon, Japan). And the Image-pro Plus 6.0 soft-
ware was used to test the collagen density with
the pathological section.

Western blotting for type | and Il collagen ex-
pression

The skin tissue of wound area for type | and Il
collagen were assayed by Western blot [17].
The skin tissue representing an equal quantity
of type | and Il collagen were resolved by 8%
SDS-PAGE under non-reducing conditions and
transformed to nitrocellulose membranes. Five
percent non-fat milk solution in Tris-buffered
with 0.1% Tween (TTBS) was used to block the
membranes for 1 hour at room temperature.
Then they were incubated with a mouse anti-
body to rodent type | or lll collagen (1:10,000
dilution, Abcam Inc., Cambridge, MA) in the
same buffer overnight at 4°C. Following this,
the membranes were washed with TTBS and
the Phototope-HRP western detection kit (Cell
Signaling Technologies, Inc., Danvers, MA) was
used to detect bound antibody. Signal intensity
was quantified by image analyzer (Image J). And
the ratio of collagen | to collagen Ill was calcu-
lated using the following formula: ratio of colla-
gen | to collagen lll=expression levels of colla-
gen I/collagen 111x100%.

ELISA assay for hydroxyproline concentrations

Enzyme-linked immunosorbent assay (ELISA)
was used to evaluate hydroxyproline level. In
brief, the new skin and granulation tissue of
wound area or 10 mm beside the wound at day
3, 7, and 14 was pulverized in chilled lysis buf-
fer containing 100 mM Tris-HCI, 0.05 mM EDTA
with the help of ice-cold pestle and mortar and
a pinch of glass wool. They were transferred to
1.5 ml microcentrifuge tubes and centrifuged
for 10 min after the tissue were thoroughly pul-
verized into a homogenous mixture, then a
supernatant protein lysate was collected and
ELISA was conducted according to the manu-
facturer’s instructions.

Statistical analysis

The results are expressed as means *= S.D.
Statistically significant difference of cytotoxicity
and wound closure area were determined using
two-way analysis of variance (ANOVA) followed
by Tukey’'s multiple comparison tests, the
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Figure 2. Change of wound size in the calcium alginate and vaseline groups. Representative photographs of wounds
covered with alginate or Vaseline spot at days 0, 3, 5, 7 and 14 taken postoperatively (A). The wound closure rate
in the alginate-treated group was increased more rapidly compared with Vaseline-treated group (B). Alg-group: Algi-
nate-treated group, Vas-group: Vaseline-treated group. *P<0.05 when compared with the corresponding controls.

expression of collagen levels and the ratio of
collagen I/Ill were compared with paired or
unpaired student t test using the SPSS 17.0
software. Difference was considered to be sta-
tistically significant if P<0.05.

Results
Calcium alginate exhibits no cytotoxicity

In this study, mouse fibroblast cells (L929) grew
well in the extracted liquid of materials for 48 h
(Figure 1). As the cells viability in the all groups
(the concentrations of extracted liquid of mate-
rial were 6.0 and 12.0 mg/ml) were identical to
those (without material) in controls (P>0.05).

Calcium alginate accelerated wound closure
rate

Figure 2A showed representative photographs
of wounds covered with alginate or vaseline
spot at days 0O, 3, 5, 7 and 14 after wounding.
Wound size in all groups was calculated from
post-surgery on days O, 2, 4, 6, 8, 10, 12 and
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14. And the wound closure rate in the Alg-group
was dramatically increased compared with the
Vas-group from day 4 (Figure 2B, P<0.05).

Calcium alginate treated wound skin pos-
sessed a milder inflammation and a faster
epithelization

As shown in Figure 3A, on 3rd postoperative
day, calcium alginate treated wounds healed
with densely cell deposited matrix with abun-
dant organized cells embedded, the inflamma-
tion was mild and moderate. While the cell
deposited matrix in control wounds was rela-
tively infrequent, with cells presented as less
organized, and the inflammation was serious.
On 7th day, skin in wound areas of Alg group
was not completely epithelized, but inward epi-
thelial growth was sustained. Also, epitheliza-
tion irregularly started under wound crust in
Vas-group. On 14th day, the epithelization in
the calcium alginate group finished. However, in
the Vas-group, the wound surface was covered
with an incomplete layer of epidermis (Figure
3B) at 14th day after wound establishment.
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Figure 3. Histological observation of wounds treated with calcium alginate and vaseline dressing. Each wound of rat
on day 3, 7 and 14 was representative of six wounds covered with Calcium alginate (A) and Vaseline (B). Masson’s
Trichrome staining of wound treated with calcium alginate or vaseline (C). The collagen density in Alg-group was
far more than it in Vas-group on day 3, 7, and 14 post-operation (D). Alg-group: Alginate-treated group, Vas-group:
Vaseline-treated group. *P<0.05 when compared with the corresponding controls. #P<0.05 when compared with
the different periods in the same group.

higher collagen deposition were found, while in
control group the complete re-epithelialization
with only minor to moderate fibroblast density
and irregular packing of collagen fibers were
observed from day 3 sustained to day 14

Calcium alginate promoted the expression of
total collagen in new wound skin tissue

Masson’s trichrome staining of 3, 7 and 14 day
postoperative  wound granulation tissue

described the clearer picture of wound healing.
In Alg-group, increased fibroblast density and
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(Figure 3C). By the collagen density compari-
son, the total collagen staining in Alg-group was

Int J Clin Exp Pathol 2015:8(6):6636-6645
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Figure 4. The expression of collagen | and Ill, ratio of collagen I/lll and hydroxyproline in Alg-group and Vas-group
on the day 3, 7 and 14. (A) Expression of Collagen | in different time of wound establishment. (B) Expression of Col-
lagen Il in different time of wound establishment. (C) Ratio of collagen | to collagen Il in Alg-group was higher than
it in Vas-group during the diabetic wound healing. Hydroxyproline levels in wound skin homogenate treated with cal-
cium alginate and vaseline (D) Alg-group: Alginate-treated group, Vas-group: Vaseline-treated group. *P<0.05 when
compared with the corresponding controls. #P<0.05 when compared with the different periods in the same group.

slightly higher than control group at day 3
(522.00+£11.10 pm? vs. 513.33+8.16 um?
P>0.05), and it enhanced dramatically at day 7
(687.67+60.78 um? vs. 558.67+14.69 um?2,
P<0.05), and kept a high-expression levels till
day 14 (754.17+20.43 pm? vs. 649.17+36.52
um?2, P<0.05) (Figure 3D).

Calcium alginate increased the collagen type |
expression and ratio of collagen I/l

Western blotting depicted significant elevating
expression of collagen type | and Il in calcium
alginate treated wound granulation tissue
(Figure 4). Collagen | in Alg-group significantly
increased compared to the Vas-group at day 3
(0.66£0.25 vs. 0.42+0.09, P<0.05), day 7
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(0.84+0.17 vs. 0.62+0.10, P<0.05) and day 14
(1.094£0.14 vs. 0.78+0.16, P<0.05) (Figure 4A).
In contrast, there is no statistically significant
difference in collagen Il expression between
two groups from day 3 to day 14 (Figure 4B).
And the subsequent calculated ratio of colla-
gen | to collagen Ill in Alg-group was higher sig-
nificantly than that in Vas-group at day 7
(1.074£0.31 vs. 0.774£0.11, P<0.05), and day 14
(1.18+£0.30 vs. 0.83+0.14, P<0.05) (Figure
4C).

Calcium alginate improved the level of hydroxy-
proline in skin homogenates

The hydroxyproline levels of diabetic wounded
skin tissues on the 3, 7 and 14 day are shown

Int J Clin Exp Pathol 2015;8(6):6636-6645
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in Figure 4D. The result indicated that a slight
increase of hydroxyproline level in Alg-group on
the 3rd day (30.29+£0.92 ng/ml vs. 27.52+0.83
ng/ml, P<0.05), the increase of the hydroxypro-
line levels treated with calcium alginate on day
7 was significantly higher than Vas-group
(51.04+1.31 ng/ml vs. 46.00+0.99 ng/ml,
P<0.05), the hydroxyproline levels of day 14
were also greater than Vas-group (89.58+4.97
ng/mlvs. 79.30+4.42 ng/ml, P<0.05).

Discussion

Alginate dressing has been reported to acceler-
ate diabetic foot ulcer healing [18, 19]. As the
results also showed in our study, the periodic
observation of wound area indicated that the
application of calcium alginate improved wound
closure rate. However, how it works still remains
inconclusive till now. This study, through the
assay in vitro and diabetic wound in rats in vivo,
firstly confirmed that calcium alginate promot-
ed the healing course of diabetic wound which
involved the decrease of inflammatory reac-
tion, increase of collagen type | and the ratio of
collagen I/111.

In this study, we found that the material (calci-
um alginate) apparently exhibits no cytotoxicity.
Kondo et al considered that in the late phase of
inflammation, the fibroblast cells synthesis the
collagen fibers and other cytoskeleton matrix
components [20, 21]. Thus the low cytotoxicity
of the calcium alginate to the fibroblast cells
has made a significant contribution to the rapid
synthesis of collagen during diabetic wound
healing. We could suggest that calcium algi-
nate can improve the content of collagen to
accelerate wound closing course through
decreasing the cytotoxicity of fibroblast cell.

Moreover, the wet healing theory was well-
known from 50 years ago which consider that a
wound heals more quickly when its surface
environment is kept moist, rather than left to
dry [22]. A moist environment is considered as
provide optimal conditions for the cells involved
with the wound healing process, which is
thought to be a significant part of the healing
pathway [23]. The use of wound dressings is a
key driver to maintain a moist wound healing
environment, calcium alginate dressing are
highly hydrophilic and can absorb large vol-
umes of wound exudation [24]. In addition, algi-
nate is an anionic polysaccharide which has a
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capacity to form hydrogels which could keep a
moist environment under very mild conditions
[25, 26]. In this study, we found that the expres-
sion of skin tissue collagen | was elevated by
calcium alginate dressing application, and this
dressing provide a moist environment and a
faster collagen | related epithelization for dia-
betic wound healing.

In the present study the total healing rate of
experimental wound in Alg-group at day 14 was
33.3% (2/6) and it was higher than that in Vas-
group 0% (0/6), and the mean wound closing
rate in Alg-group was faster than controls, this
significant difference began from day 4, and
lasted to day 14. These results confirmed that
calcium alginate could accelerate the diabetic
wound healing course. Our above results were
consistent with Woo et al, who applied the cal-
cium alginate to the circular full-thickness
wounds created on the dorsum of non-diabetic
rats, and they found that the wound size dra-
matically shrunk in the alginate-treated group
compared with the control group at days 5 and
7 [26]. What actually happened, the good bio-
compatibility of calcium alginate played an
important role in the process of diabetic wound
healing. Our histological results of skin tissue
on 3, 7 and 14 postoperative days revealed
that the inflammatory reaction of calcium algi-
nate treated skin was mild, it was beneficial in
case of skin wound under diabetic condition,
and the re-epithelialization was higher with
extensive collagen deposition in mature dermis
compared to vaseline treated group. This result
was accordant with with Lansdown et al. They
reported that calcium alginate induced a mod-
est inflammatory reaction and possessed a
good biocompatibility within the 3 month obser-
vation period [27]. The difference of the pres-
ent study with theirs was that the calcium algi-
nate was to topically apply to the diabetic
wound not to implant subcutaneously in rats.
The reason of its low adverse tissue reaction
could be explained that the alginate has derived
from natural brown seaweed and possessed
low toxicity and biocompatibility [28]. Therefore,
Calcium alginate treatment could induce a
milder inflammation and a faster epithelization
in the process of diabetic wound healing.

In the ulcer healing process, the centripetal
movements of surrounding epithelial tissues
which closed the wound opening was recruited
by the maturing extracellular matrix [21]. And

Int J Clin Exp Pathol 2015;8(6):6636-6645
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collagen is the main component of extracellular
matrix which significantly contributes to the
wound strength and wound healing process
depends on the regulated synthesis and depo-
sition of new collagen [29]. In this study, we
found that the alginate treated group produced
greater deposition of collagen in diabetic
wound skin and almost all of wound closing
course, and preliminarily indicated that the cal-
cium alginate was able to promote the deposi-
tion of collagen in diabetic wound healing. This
finding was also verified by the enhanced
expression of collagen | and Ill through Western
blotting. Collagen | and Il are the mainly famil-
iar collagen in connective tissue such as skin
and so on which could account for at least 95%
of all collagen content [30]. Thus, we mainly
detected the distribution of types | and Il of col-
lagen. And our results demonstrated that calci-
um alginate application significantly up-regulat-
ed the expression of collagen I, whereas the
expression of collagen lll was not significantly
altered. Whereas, the ratio of collagen I/Ill
ascended simultaneously. Broughton et al con-
sidered that in the later stages of the normal
wound healing process, collagen Il is re-
absorptive and a thicker collagen is formed and
organized along the lines of tension which ele-
vates the tensile strength of the wound [31],
these denser beams are mainly represented by
collagen | [32]. And the high percentage of col-
lagen | compared with collagen lll demonstrates
the state of collagen maturation [33]. In this
study we revealed that calcium alginate boost-
ed the ratio of collagen I/Ill during diabetic
wound healing, and this maybe the important
reason of its accelerating effect on the skin
wound closing course. The similar result was
reported by Woo et al who found that the
expression of collagen | was increased in algi-
nate treated group at day 5 and 14 by Western
blotting. However, our study differed with theirs
from that the dressing they applied was the
alginate (without calcium ions), their wound
model was based on non-diabetic rat model,
and the collagen Ill was not been determined in
their study [26]. And the role of calcium ions in
the alginate were that they could be exchanged
for the sodium ions in wound fluid formed a
soluble calcium/sodium alginate gel to keep a
moist healing environment [34]. As we know,
the distribution of collagen | and Il fiber and
their optimum ratio are critical to maintain
required crosslinked density and mechanical
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toughness during the wound healing process
[10]. And Birk et al considered that the ratio of
collagen I/1ll regulated the diameter of new
fiber and determined the structure of granula-
tion tissue, and the increasing of ratio of colla-
gen I/11l could strengthen the stability of wound
tissue structure [35]. Thus, the calcium algi-
nate’s contribution to the rapid healing of dia-
betic wound was attributed to its upregulating
effect of collagen | and keeping high ratio of
collagen I/1ll, and this influence possesses the
potential impact on the mechanism that it kept
the stability of newly formed granulation and
epithelium tissue and promoted it closure tight-
ly. Hereby, our above results are of important
meaning to understand the detailed mecha-
nism of this dressing and drive its clinical utility
in diabetes patients.

Moreover, it is well known that hydroxyproline is
a basic component of collagen fiber structure
and its contents is an index of collagen synthe-
sis [36], and the hydroxyproline level indirectly
indicated the change of collagen. In this study
the hydroxyproline level of diabetic wounded
skin tissues on the 3, 7 and 14 days in calcium
alginate treated group are also slightly
increased compared to control group. It proved
that calcium alginate could greatly increase the
content of hydroxyproline compared to the con-
trol group in diabetic rat. Therefore, the enhanc-
ing of hydroxyproline content also reflected the
augment of collagen components stimulated by
calcium alginate, and played a significant role
through collagen synthesis during the diabetic
wound healing.

There are some limitations of this study. Firstly,
the observing period of this study was relatively
short with only 2 weeks, the condition of dia-
betic wound on day 21 after post-operative was
not evaluated because that the average wound
closure rate in Alg-group more than 95% at day
14. Secondly, the Real-Time PCR technology
did not applied to examination of the mRNA
expression of collagen in skin tissue of wound
area, and the relationship between calcium
alginate and the mRNA expression of collagen
in diabetes ulcerations should be explored in
the future. At last, because collagen | and Il are
the mainly collagen in connective tissue such
as skin, and they account for at least 95% of all
collagen contents, only type | and Il collagens
were measured in this study. However, it is pos-
sible that the other types of collagen also in
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part contribute to diabetic wound healing, the
study related to these aspects should be car-
ried out in the future.

In conclusion, the present study revealed that
calcium alginate was with the excellent cyto-
compatibility and histocompatibility character-
istics and acted as a promoter of diabetic
wound healing via increasing the contraction of
wounds, attenuating inflammatory reaction, by
increasing the levels of type | collagen and
hydroxylproline leading to a significantly
increase in the wound tensile strength. All in all,
the accelerating effect of calcium alginate was
due to the stimulation of collagen | expression
and elevation of collagen | to Il ratios to a large
extent. This dressing provides a potential strat-
egy for wound healing and provided an easily
used way to ameliorate the foot ulceration and
prevent the limb amputation in diabetic
populations.
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