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This collection of 10 case studies reviews healing of infected and non-infected wounds,

following the application of copper oxide impregnated wound dressings.

Ten cases of patients with etiologies such as diabetes mellitus, sickle cell disease, renal failure, and
necrotizing fasciitis, who were treated with the application of copper-oxide impregnated wound dressings,
are described.

Significant enhanced wound healing was found The cases support the hypothesis that the copper
in each case, including: oxide containing wound dressings:
e Clearing of the wound infections e Protects the wound and the dressing from
e Reduction of the fibrous and/or necrotic microbial contamination
tissue e Helps clear the wound infections
¢ Intense granulation e Stimulates wound healing and skin regeneration.

e Epithelialization
e Wound closure

These findings may be of special importance in chronic wounds, such as diabetic wounds, venous and pressure
ulcers, which fail to heal with other well-recognized wound care treatments.

“...the use of copper oxide impregnated wound dressings may be an important

intervention in the arsenal of wound treatment modalities, especially in hard
to heal wounds.”
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Abstract: Novel antimicrobial wound dressings impregnated with copper oxide micro-particles have
been cleared for treatment of acute and chronic wounds. Our objective is to provide preliminary
data regarding the potential benefit of using these novel wound dressings including in non-infected
wounds. Methods involved the treatment of wounds that responded partially or poorly to conven-
tional wound healing treatments with copper oxide impregnated wound dressings in patients with a
range of etiologies. Ten cases of patients with etiologies such as diabetes mellitus, sickle cell disease,
renal failure, and necrotizing fasciitis, in which the application of copper oxide impregnated wound
dressings in infected and non-infected wounds, which resulted in significant enhanced wound
healing, are presented. This was exemplified by clearing of the wound infections, reduction of the
fibrous and/or necrotic tissue and by intense granulation, epithelialization, and wound closure. The
described 10 case reports support our hypothesis that the copper oxide-containing wound dressing
not only confers protection to the wound and the dressing from microbial contamination, and in
some cases may help clear the wound infections, but in addition and more importantly, stimulate skin
regeneration and wound healing. Our findings are in line with previous animal and in vitro studies
showing that copper plays a key role in angiogenesis and skin regeneration. These case reports
support the notion that the use of copper oxide impregnated wound dressings may be an important
intervention in the arsenal of wound treatment modalities, especially in hard to heal wounds.

Keywords: case series; copper oxide; dressings; granulation tissue; wound healing

1. Introduction

Copper is a trace mineral essential for many wound healing-related processes [1,2].
Copper stimulates (a) angiogenesis [3] by upregulating Hypoxia Induced Factor lalpha
(HIF-1«x) [4], vascular endothelial growth factor (VEGF) [5], and Cu-dependent transcrip-
tion factor Atox1 [6]; (b) expression of integrin [7]; (c) stimulation of secretion of fibrinogen,
elastin, and collagen by dermal fibroblasts [8,9] and their stabilization [10,11]; (d) up-
regulation of copper-dependent enzymes and polysaccharides, such as lysyl oxidase,
metalloproteinases, glycosaminoglycans, and small proteoglycans, important for matrix
remodeling, cell proliferation, and re-epithelization [12-15], and (e) migration of skin and
stem cells [16,17].

Copper has also potent wide spectrum biocidal properties [18,19]. Copper ions, either
alone or in copper complexes, have been used for centuries to disinfect liquids, solids,
and human tissue [18]. The mechanisms of copper’s biocidal activity include alteration
of microbial proteins and inhibition of their biological assembly and activity; plasma
membrane permeabilization; and membrane lipid peroxidation [18]. In contrast to the
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antibiotic-resistant microbes that have evolved in less than 50 years of antibiotic use, copper-
tolerant microbes are extremely rare due to the non-specific and parallel damage caused by
copper to many key components of microorganisms [18].

The risk of adverse skin reactions due to copper exposure is extremely low [20,21].
Copper is not only considered safe to humans, as demonstrated by the widespread and
prolonged use of copper intrauterine devices and copper food supplementation [22,23], but
is an essential metal needed for normal metabolic processes [23]. Copper oxide impregnated
medical devices and consumer products have been found to be safe in many studies [24-26].

Foot ulcers are among the most often occurring chronic wounds [27], with global
prevalence of 6.3% of diabetic patients, affecting nearly 20 million people annually [28],
leading to impaired mobility and amputation [29]. Aggressive wound care, consisting
of infection control, sharp debridement, off weight bearing, and other basic approaches,
often results in wound closure [30]. However, many chronic wounds fail to heal and novel
treatments are needed.

We have hypothesized that the incapacity of wounds to heal in individuals with
diabetic ulcers, decubitus ulcers, peripheral vascular disease, or other wounds with com-
promised healing capacity, may be partially due to low copper levels in the wound site
resulting from decreased blood supply [1]. We also hypothesized [1] that slow release of
copper ions from wound dressings would not only reduce the risk of wound and dressing
contamination, similarly to silver dressings, but more importantly, would also enhance
wound repair especially in cases of diabetic ulcers, where the healing process is impaired.
Angiogenesis and skin regeneration would be induced by the copper ions released from
the wound dressings directly into the wound vicinity.

We demonstrated the capacity of the copper oxide impregnated wound dressings to
enhance wound closure in a diabetic (db/db) animal model [4]. Similar results of enhanced
healing by copper compounds in wound healing animal and cell culture models were
also reported and the incorporation of copper particles in wound dressing applications is
increasingly explored [31-35].

Here we report the first clinical case series that demonstrates that continuous dermal
application of the copper oxide-impregnated wound dressings on hard to heal, infected, and
non-infected wounds, resulting in granulation formation and rapid wound closure. Some
of the treated wounds failed or responded poorly to conventional treatments, indicating
the significant potential of copper oxide-containing wound dressings (COD) to enhance
wound healing.

2. Materials and Methods
Copper Oxide Microparticles Impregnated Wound Dressings

Recently, by using a platform technology that introduces copper oxide into fibers [36,37],
wound dressings impregnated with copper oxide microparticles (COD, Figure 1) are
produced. The use of these wound dressings for the treatment of acute and chronic wounds
has been cleared by the FDA, EU, and the Israeli Ministry of Health. The dressings are
sterile, soft, single use wound dressings composed of an absorbent layer for exudating
wounds and one or two external spunbond nonwoven layer(s). The spunbond layer is
placed directly on the wound. Both the absorbent and spunbond layers contain copper-
oxide microparticles. The copper oxide microparticles serve as a reservoir of copper ions.
The copper ions, which are constantly released from the copper oxide microparticles in
ppm levels in the presence of wound moisture (Figure 2), endow the wound dressings with
potent biocidal properties [26].
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Figure 1. Scanning electron microscopy (SEM) of the copper oxide-containing wound dressing.
The copper oxide wound dressing consists of two layers. A non-stick spunbond polypropylene
layer (A) and a highly absorbent needle punch fabric (D). The non-stick polypropylene layer is put
directly on the wound. Scanning electronic microscope (SEM) images (B,E) and energy-dispersive
X-ray spectroscopy (EDS) analysis of each layer (C,F) demonstrate the presence of copper oxide
microparticles impregnated in the fibers.
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Figure 2. Copper ions elution from Copper oxide-containing wound dressings (COD). One-gram
swatches of COD were incubated with saline at 37 °C between 5 min to 30 h. The amount of copper
ions eluting to the saline solution was determined by colorimetry assay using bicinchoninic acid [38].

3. Results
3.1. Case Report 1

A 34-year-old female patient, suffering from insulin-dependent diabetes mellitus
(IDDM) and neuropathy, had a trans-metatarsal amputation in her left foot (Figure 3A) on
19 December 2013. For six years the wound did not close despite standard of treatment
(SOC), with occasional infectious episodes. On 24 June 2019 she was seen in the emergency
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room due to another infectious episode. She was prescribed antibiotics and seen in the
clinic three days later. At that day the infection had resolved. The wound measured about
7 mm deep with furrow (tunneling surrounding it) (Figure 3B). The wound was packed
with double layer COD (Figure 3C) for seven days. After a week the wound was filled
with new tissue (~90% reduction in wound volume, Figure 3D). Weekly dressing changes
were done by the patient at home or in the clinic by the attending nurse. At the follow up
visit, six weeks after the initiation of the application of the COD dressings, the wound was
completely closed (Figure 3E).

Figure 3. Closure of a 6-year indolent chronic wound in from insulin-dependent diabetes mellitus (IDDM) patient (Case

Report 1). (A) The patient underwent a trans-metatarsal amputation in her left foot in 2013. (B) The wound was not closed

for six years and in June 2019 the wound was about 7 mm deep with furrow (tunneling surrounding it). (C) On 27 June 2019

the wound was filled with COD wound dressing (WD). WD was changed every three days. (D) One week later the wound

volume was reduced by approximately 90%. (E) On 10 August 2019, the wound was completely closed.

3.2. Case Report 2

A 60-year-old male patient with non-insulin-dependent diabetes mellitus (NIDDM)
with neuropathy, suffered from osteomyelitis of the right foot big toe and first metatarsal
head (Figure 4A). He underwent amputation of the first ray (Figure 4B), after which the
wound was treated with chlorine-based dressing and then two three-day sessions of two
consecutive vacuum-assisted closure (VAC) treatments. Due to delay in approval of home
VAC therapy, a temporary COD dressing was applied and in lieu of the good response it
was continued (Figure 4D-H) until complete wound closure on day 74 (Figure 4L]).

3.3. Case Report 3

A 68-year-old female suffering from type II diabetes (IDDM), neuropathy, and chronic
obstructive pulmonary disease (COPD) was presented with osteomyelitis of the fifth
metatarsal head with gangrene of the toe and infection along the flextor tendons. She
underwent fifth ray amputation and debridement (Figure 5A,B). Bone cultures yielded
pseudomonas and she was treated accordingly with meropenem for four weeks. The
wound was treated initially with chlorine-based dressings for 2.5 weeks followed by
10 days of VAC therapy, which she refused to continue further due to inconvenience.
Therefore, COD dressing was applied on the 28th post-operative day (Figure 5C). The
antibiotic was stopped at that time. After 77 days of COD treatment the wound was
completely closed (Figure 5I). The wound remained solidly closed as seen 20 days after
wound closure (Figure 5L,K).

3.4. Case Report 4

A 35-year-old female patient with sickle cell disease arrived at the clinic with a non-
healing wound on the anterior aspect of distal right leg, which had been treated previously
with many wound dressings, including silver sulfadiazine. Wound cultures revealed
biofilm layer with multidrug resistant Escherichia coli colonizing the wound (expressed as a
thick layer of fibrin in Figure 6A). Following conservative de-sloughing and wound bed
preparation, the wound was covered with COD that was changed every 2-3 days. After
seven days of COD treatment, the bacterial culture was negative, and there was a drastic
reduction in edema and intense granulation tissue formation.
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Figure 4. Closure of a wound in a non-insulin-dependent diabetes mellitus (NIDDM) patient (Case
Report 2). (A)The patient suffered from osteomyelitis of the first ray in the right leg. (B) The patient
underwent an amputation of the first ray on 9 October 2019. (C) After five days of standard of care
(SOC) and two vacuum-assisted closure (VAC) sessions, COD was applied. (D) Four days after
COD treatment the wound seemed to respond favorably to COD and same treatment was continued.
(E) Fifteen days of COD treatment. (F) Twenty-nine days of COD treatment. (G) Forty-six days of
COD treatment. (H) Fifty-seven days of COD treatment. (I) After 74 days of COD treatment the
wound was completely closed, and the COD treatment was stopped. (J) The wound remained solidly
closed as seen 94 days after the commencement of the COD treatment.

3.5. Case Report 5

A 23-year-old male patient with renal failure arrived at the clinic with loss of skin
and subcutaneous tissue due to necrotizing fasciitis of the forearm and wrist after his
dialysis shunt had become infected (Figure 7). He had extensive necrotic and fibrinous
tissue, which was treated initially with silver dressings for a week, without significant
improvement. Hence, treatment was changed to COD, which were changed twice weekly.
After three weeks of COD treatment, the wound was full with dense red granulation tissue,
ready for skin grafting (Figure 7C).
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Figure 5. Closure of a wound in a NIDDM patient (Case Report 3). (A,B) The patient underwent right-leg fifth toe
amputation due to osteomyelitis and continued infection on 17 October 2019. (C) After 20 days of SOC including 10 VAC
sessions, the patient was discharged home on 7 November and the wound was covered with the COD. (D) Two days
of COD treatment. (E) Ten days of COD treatment. (F) Seventeen days of COD treatment. (G) Thirty-one days of COD
treatment. (H) Fifty-five days of COD treatment. (I) After 77 days of COD treatment the wound was completely closed and
the COD treatment was stopped. (L,K) The wound remained solidly closed 20 days after wound closure.

Figure 6. Dramatic improvement of a heavily infected venous ulcer (Case Report 4). (A) Upon patient arrival to the
clinic, the heavily multidrug resistant Escherichia coli infected wound in supra-malleolar region underwent conservative
desloughing and wound bed preparation. This was followed by COD application. (B) Two days after COD application.
(C) Five days of COD application. (D) Seven days of COD application, resulting in intense granulation and edema reduction.
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Figure 7. Dramatic improvement of a necrotizing fasciitis arm (Case Report 5). (A) Extensive loss of dorsal skin and
subcutaneous tissue after necrotizing fasciitis from infected dialysis shunt. After one week of treatment with silver-based
cream the wound has pale granulation tissue with lot of fibrin and necrotic tissue. (B) After two weeks of COD treatment
large islands of red granulation tissue replace the necrotic and fibrinous tissue. (C) additional one week of COD results in
full dense red granulation tissue. The wound is ready for skin grafting.

3.6. Case Report 6

A 45-year-old female with diabetes and peripheral vascular disease (PVD) underwent
second and third toe ray amputation. Following surgery, the wound had profuse fibrous
tissue (Figure 8A). COD was applied with dressing change every three days. Abundant
granulation tissue was observed after 12 days (Figure 8B), and at 18 days the wound was
ready for skin grafting (Figure 8C).

Figure 8. Dense granulation following surgery in a diabetic patient with peripheral vascular disease (PVD) (Case Report 6).
(A) One day post-surgery, the wound started to be treated with COD. (B) Twelve days post-surgery, very significant
granulation tissue was observed despite the PVD. (C) After 18 days of COD treatment the wound was ready for second
tarsal nibbling and skin graft on dorsal foot.

3.7. Case Report 7

A 69-year-old patient with IDDM, end stage renal failure, and hemodialysis and
severe PVD had critical left foot ischemia and wet gangrene of plantar and medial aspect
of the heel. After a successful angioplasty, a surgical debridement was performed, all the
necrotic tissue was removed, and the calcaneal bone was exposed. Antibiotic treatment
with Vancomycin and Ertapenem was given for 10 days based on results of tissue culture.
COD dressing was initiated four days following the surgical debridement (Figure 9A) and
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changed every day. After 18 days of COD dressing treatment, the wound bed improved,
and the exposed bone was covered with granulation tissue (Figure 9B). Wound closure
continued with significant reduction in wound size three months following COD treatment
(Figure 9C).

Figure 9. Exposed bone covered by granulation tissue in ischemic diabetic patient (Case Report 7). (A) Following angioplasty

and surgical debridement, COD dressing was initiated. The dressing was replaced daily with a new COD. (B) Eighteen
days following COD treatment, the exposed bone was covered by new tissue. (C) Three months following COD treatment,
the wound was significantly smaller.

3.8. Case Report 8

60-year-old man with NIDDM was admitted with osteomyelitis of the fifth ray of
the left foot secondary to two years of nonhealing ulcer. Fifth metatarsal resection was
carried out leaving the distal third of the metatarsal and the fifth toe. Cement spacer with
antibiotics was used to stabilize the soft tissue and leash antibiotic locally. Due to delayed
healing, the patient had undergone successful angioplasty two months after his admission.
In the three weeks following angioplasty the wound was treated with various standard
of care absorbent dressing without improvement (~2.5% wound area reduction per week)
(Figure 10A). Copper oxide dressing was applied and documented 45% area reduction in
the first nine-day interval (35% per week) (Figure 10D). Two months later the wound was
closed (Figure 10I).

3.9. Case Report 9

An 82-year-old patient with NIDDM and end stage renal disease (EDRD), on dialysis
came with gangrene of the third toe, ischemia of the adjacent toe, and cellulitis on the right
foot (Figure 11A). The patient had intermittent claudication and no pulses could be felt.
Antibiotic treatment was begun and angiographic attempt at angiographic revasculariza-
tion procedure was carried out. The femoral arteries were too calcified to pass the catheter
through and the procedure was unsuccessful. Subsequently open femoral-popliteal bypass
procedure was carried out, together with third and fourth rays amputation. Chlorine-based
dressings were applied twice daily. On the ninth postoperative day, the wound was full
of necrotic tissue and only a hint of granulation tissue observed. Antibiotic therapy was
stopped at that time. Gradual improvement was seen with creeping substitution of the
necrotic tissue with granulation tissue. At 14 weeks after beginning of COD dressing the
patient came for a follow-up visit and the wound was closed.
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Figure 10. Enhanced wound healing after switching to COD treatment (Case Report 8). Sixty-year-old man with NIDDM
underwent resection of the fifth metatarsal of the left foot due to chronic ulcer and osteomyelitis. Due to insufficient wound
healing the patient underwent successful percutaneous angioplasty of the left leg. (A) One week after angioplasty. The
patient was treated with standard dressings and VAC without significant progress. (B) Seven days later (14 days post
angiography), no progress is observed. The wound measured 47 mm x 23 mm. Treatment with absorbent dressing was
applied. (C) Six days later the wound size remained steady, measuring 46 mm X 23 mm (2.5% area reduction/week).
(D) Nine days later, this time treatment was with COD. Wound size has been reduced to 43 mm x 13.5 mm (35% area
reduction/week) with deep red granulation tissue. (E-I) Serial photos over additional two months of COD until final
wound closure.

3.10. Case Report 10

A 78-year-old diabetic female patient had diabetic midfoot deformity due to Char-
cot neuroarthropathy with ulceration and bone involvement. She developed sepsis and
bacteremia due to necrotizing fasciitis. On admission she had necrotic areas of the skin
(Figure 12A). There was bony deformity in the midfoot. She was operated on urgently.
The deep structures including facia, tendons, and joint capsule were infected and necrotic
(Figure 12B). The dorsalis pedis artery was necrotic as well. The infected tissues and
involved bone were resected. The foot was stabilized with 5 mm Steinman Pin Beaming the
medial column (Figure 12C,D). Post operatively the foot was dressed with chlorine-based
solution (Milton solution) twice a day for four days. On post-operative day (PO-d) 1, the
foot was viable with minor marginal skin necrosis (Figure 12E). On PO-d 4 the foot was
stable with no granulation tissue (Figure 12F). COD dressing was initiated and changed
every 3-4 days. The foot was splinted in a plaster slab. Intense granulation tissue seemed
to take place from the first dressing change (COD d-3, PO-d-7) (Figure 12G) and increased
thereafter (Figure 12H). In the meanwhile, the foot was stable with the Steinman pin. The
patient was discharged home in a plaster of Paris cast with intent of weekly cast and
dressing change until full granulation will be suitable for skin grafting. Upon discharge
she developed extensive myocardial infarct and passed away.



Medicina 2021, 57, 296

10 of 14

[5-JAN-2020!

A

% R |
N 1V,

Figure 11. Wound closure following amputation due to gangrene in ischemic diabetic patient (Case
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Report 9). Eighty-two-year-old man with NIDDM and end stage renal disease (ESRD) on dialysis
was admitted due to gangrene of the third toe and ischemia of the fourth one with cellulitis of the
right foot (A). The patient had peripheral vascular disease (PVD) with intermittent claudication and
no palpable pulses distal to the femoral. Attempted angiography was unsuccessful due to hard
calcifications of the arteries (B). Subsequent femoral-popliteal bypass surgery was successful with
good improvement of the blood flow and temperature to the level of the midfoot. The surgery was
followed by third and fourth ray amputation in the same surgery. Following surgery the amputation
wound was treated with antibiotic and twice a day chlorine based solution and was still ischemic
(C,D). On the ninth day post-surgery antibiotic treatment was stopped and COD was begun (D,E,
marked as COD d-0). One and two weeks later a progression or the granulation tissue is observed
(F,G). For the most part the wound was still filled with necrotic tissue and bed side debridement was
attempted with minor improvement (H). COD was used again and three days, one week, and two
weeks later further progression of the wound was seen (LK,L). On a follow up visit, 14 weeks from
the beginning of COD dressing, the wound was closed (N,O).
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Figure 12. Impressive granulation despite lack of dorsal foot artery (Case Report 10). (A) Patient with sepsis and bacteremia
due to necrotizing fasciitis, with diabetic midfoot deformity due to Charcot neuroarthropathy. (B) Patient underwent deep
debridement to the bone. (C,D) The foot was stabilized with 5 mm Steinman Pin Beaming the medial column. (D) Following

the operation, the wound was treated with chlorine-based solution (Milton solution) twice a day for four days. (E) One day

after the operation the foot was viable with minor marginal skin necrosis. (F) Four days after the operation, the patients
started to be treated with COD. (G) Three days after COD treatment, increase granulation is noted. (H) Ten days after COD
treatment, extensive granulation is noted.

4. Discussion

In the current case series, we have described intense healing reaction in hard to heal
wounds that were treated with copper oxide dressing (COD). Some of the wounds have had
stagnation and nonhealing with other treatment modalities. Some of which had abundant
fibrous and/or necrotic tissue, which was replaced by intense granulation that could be a
favorable basis for skin grafting or re-epithelization.

Today most antimicrobial wound dressings in the marketplace are silver-containing
wound dressings. Antimicrobial wound dressings are widely used in wound treatment to
reduce the risk of wound and wound-dressing contamination [39]. However, their useful-
ness in promoting wound healing is questionable, especially due to cellular toxicity [40,41].
Copper also has potent biocidal properties [18], but in contrast to silver, copper is an in-
dispensable trace element extremely well metabolized by the human body [23], and could
be a substitute for silver in wound dressings, if only to reduce biocontamination. More
importantly, copper plays a key role in skin generation and angiogenesis [3,5,7,8,11-17],
and has been shown to accelerate wound healing in animal models via induction of VEGF
and angiogenesis [4-6]. Furthermore, in contrast to silver, which has been found to inhibit
HIF-1« [42], copper enhances HIF-1o expression [4] and the binding of HIF-1« to the
critical motifs in the promoter and putative enhancer regions of HIF-1 regulated genes [43].
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HIF-1« has been recognized as a critical factor in wound healing [4,44]. We thus hypoth-
esized that the inability of wounds to heal in individuals with compromised peripheral
blood supply (e.g., with vascular diseases or diabetes), is partially due to low levels of
copper in the wound site [1].

The above described 10 case reports clearly support our hypothesis that the copper
oxide-containing wound dressing not only confer protection to the wound and the dressing
from microbial contamination, and in some cases may help clear the wound infections (e.g.,
Case Reports 4 and 5), but in addition and more importantly, stimulate skin regeneration
and wound healing. This is achieved via the constant release in situ of ppm of copper ions,
which in the wound itself stimulate angiogenesis and formation of intense granulation
tissue. This occurred even in some cases in which the blood supply to the wound is
dramatically impaired, e.g., Case Report 6, of a patient suffering from PVD, and even more
strikingly, as seen in Case Report 10, in which the dorsal artery and the necrotic dorsal
structures (facia tendons and joint capsule) were removed in a 78-year-old diabetic patient,
yet impressive granulation occurred shortly after the COD treatment.

Fascinatingly, the wound healing kinetics observed were in some cases very sim-
ilar, if not better, than the healing kinetics observed with VAC treatments (e.g., Case
Reports 2 and 3). The improved wound healing was noted in patients with varied back-
ground diseases, such as patients with diabetes (IDDM and NIDDM), PVD, COPD, sickle
cell disease, and renal failure, indicating that copper is a key player in the capacity of a
wide array of hard to heal wounds to heal.

The use of a control dressing and controls in general are very important in order
to reach clear conclusions. The current article does not describe a controlled study but
describes a series of case studies that were not a part of a trial, but were observations
gathered as part of the standard of care. The current observations inspire us to continue
studying the effect of the COD on wound healing and conduct controlled clinical studies
to definitely establish the capacity of the copper oxide impregnated dressings to stimulate
wound healing in hard to heal wounds.

5. Conclusions

Our results are in accordance with the results obtained in a murine diabetic model, in
which the increased wound healing in the groups of mice treated with the copper oxide-
containing dressings was not related to the copper potent biocidal properties, but to direct
stimulation of wound repair by copper [1,4]. This may be of special importance especially
in chronic wounds, such as diabetic wounds, venous and pressure ulcers, which fail to
heal with other well-recognized wound care protocols. The copper dressings appear to
hold significant promise in the clinician’s ongoing struggle to heal both acute and chronic
wounds. Additional controlled studies should be conducted to further validate the efficacy
and healing effect of topically applied copper-impregnated dressings.

Author Contributions: Conceptualization, E.M. and G.B.; Investigation, EM., PK., D.O., LH. and
E.T.; writing-original draft preparation, E.M. and G.B.; writing review and editing, E.M. and G.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, as
the cases reported describe the standard of care in the involved hospitals.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: G.B. is the Chief Scientist of MedCu, the company that developed the copper
oxide impregnated dressings. E.M. serves as a medical consultant to MedCu. All other authors do
not have a conflict of interests.



Medicina 2021, 57, 296 13 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.
25.

26.

27.
28.

29.

Borkow, G.; Gabbay, J.; Zatcoff, R.C. Could chronic wounds not heal due to too low local copper levels? Med. Hypotheses 2008, 70,
610-613. [CrossRef] [PubMed]

Kornblatt, A.P; Nicoletti, V.G.; Travaglia, A. The neglected role of copper ions in wound healing. J. Inorg. Biochem. 2016, 161, 1-8.
[CrossRef]

Parke, A.; Bhattacherjee, P; Palmer, R.M.; Lazarus, N.R. Characterization and quantification of copper sulfate-induced vascular-
ization of the rabbit cornea. Am. J. Pathol. 1988, 130, 173-178. [PubMed]

Borkow, G.; Gabbay, ].; Dardik, R.; Eidelman, A.L; Lavie, Y.; Grunfeld, Y.; Ikher, S.; Huszar, M.; Zatcoff, R.C.; Marikovsky, M.
Molecular mechanisms of enhanced wound healing by copper oxide-impregnated dressings. Wound Repair Regen. 2010, 18,
266-275. [CrossRef]

Sen, C.K.; Khanna, S.; Venojarvi, M.; Trikha, P; Ellison, E.C.; Hunt, TK.; Roy, S. Copper-induced vascular endothelial growth
factor expression and wound healing. Am. J. Physiol. Heart Circ. Physiol. 2002, 282, H1821-H1827. [CrossRef]

Das, A.; Sudhahar, V.; Chen, G.F,; Kim, HW.; Youn, S.W.; Finney, L.; Vogt, S.; Yang, ].; Kweon, J.; Surenkhuu, B.; et al. Endothelial
Antioxidant-1: A Key Mediator of Copper-dependent Wound Healing in vivo. Sci. Rep. 2016, 6, 33783. [CrossRef]

Tenaud, I.; Sainte-Marie, I.; Jumbou, O.; Litoux, P.; Dreno, B. In vitro modulation of keratinocyte wound healing integrins by zinc,
copper and manganese. Br. |. Dermatol. 1999, 140, 26-34. [CrossRef] [PubMed]

Harris, E.D.; Rayton, J.K.; Balthrop, J.E.; Di Silvestro, R.A.; Garcia-de-Quevedo, M. Copper and the synthesis of elastin and
collagen. Ciba Found. Symp. 1980, 79, 163-182. [PubMed]

Philips, N.; Samuel, P.; Parakandi, H.; Gopal, S.; Siomyk, H.; Ministro, A.; Thompson, T.; Borkow, G. Beneficial regulation of
fibrillar collagens, heat shock protein-47, elastin fiber components, transforming growth factor-betal, vascular endothelial growth
factor and oxidative stress effects by copper in dermal fibroblasts. Connect. Tissue Res. 2012, 53, 373-378. [CrossRef]

Ahmed, Z.; Idowu, B.D.; Brown, R.A. Stabilization of fibronectin mats with micromolar concentrations of copper. Biomaterials
1999, 20, 201-209. [CrossRef]

Ahmed, Z; Briden, A.; Hall, S.; Brown, R.A. Stabilisation of cables of fibronectin with micromolar concentrations of copper:
In vitro cell substrate properties. Biomaterials 2004, 25, 803—-812. [CrossRef]

Lansdown, A.B. Metallothioneins: Potential therapeutic aids for wound healing in the skin. Wound Repair Regen. 2002, 10, 130-132.
[CrossRef]

Rucker, R.B.; Kosonen, T.; Clegg, M.S.; Mitchell, A.E.; Rucker, B.R.; Uriu-Hare, ].Y.; Keen, C.L. Copper, lysyl oxidase, and
extracellular matrix protein cross-linking. Am. J. Clin. Nutr. 1998, 67, 9965-1002S. [CrossRef]

Simeon, A.; Wegrowski, Y.; Bontemps, Y.; Maquart, FX. Expression of glycosaminoglycans and small proteoglycans in wounds:
Modulation by the tripeptide-copper complex glycyl-L-histidyl-L-lysine-Cu(2+). J. Investig. Dermatol. 2000, 115, 962-968.
[CrossRef] [PubMed]

Simeon, A.; Emonard, H.; Hornebeck, W.; Maquart, EX. The tripeptide-copper complex glycyl-L-histidyl-L-lysine-Cu2+ stimulates
matrix metalloproteinase-2 expression by fibroblast cultures. Life Sci. 2000, 67, 2257-2265. [CrossRef]

Chen, M,; Li, R.; Yin, W.; Wang, T.; Kang, Y.J. Copper promotes migration of adipose-derived stem cells by enhancing vimentin-
Ser39 phosphorylation. Exp. Cell Res. 2020, 388, 111859. [CrossRef]

Alizadeh, S.; Seyedalipour, B.; Shafieyan, S.; Kheime, A.; Mohammadi, P.; Aghdami, N. Copper nanoparticles promote rapid
wound healing in acute full thickness defect via acceleration of skin cell migration, proliferation, and neovascularization.
Biochem. Biophys. Res. Commun. 2019, 517, 684—690. [CrossRef]

Borkow, G.; Gabbay, J. Copper as a biocidal tool. Curr. Med. Chem. 2005, 12, 2163-2175. [CrossRef]

Borkow, G. Using copper to fight microorganisms. Curr. Chem. Biol. 2012, 6, 93-103. [CrossRef]

Hostynek, J.J.; Maibach, H.I. Copper hypersensitivity: Dermatologic aspects—An overview. Rev. Environ. Health 2003, 18, 153-183.
[CrossRef] [PubMed]

Gorter, RW.; Butorac, M.; Cobian, E.P. Examination of the cutaneous absorption of copper after the use of copper-containing
ointments. Am. J. Ther. 2004, 11, 453-458. [CrossRef]

Bilian, X. Intrauterine devices. Best Pract. Res. Clin. Obstet. Gynaecol. 2002, 16, 155-168. [CrossRef] [PubMed]

Uauy, R.; Olivares, M.; Gonzalez, M. Essentiality of copper in humans. Am. ]. Clin. Nutr. 1998, 67, 9525-959S. [CrossRef]
[PubMed]

Borkow, G. Safety of using copper oxide in medical devices and consumer products. Curr. Chem. Biol. 2012, 6, 86-92.

Weinberg, I.; Lazary, A.; Jefidoff, A.; Vatine, ].-].; Borkow, G.; Ohana, N. Safety of using diapers containing copper oxide in chronic
care elderly patients. Open Biol. |. 2013, 6, 54-59.

Borkow, G.; Okon-Levy, N.; Gabbay, ]. Copper oxide impregnated wound dressings: Biocidal and safety studies. Wounds 2010, 22,
310-316.

Ferreira, M.C.; Tuma, P, Jr.; Carvalho, V.E; Kamamoto, F. Complex wounds. Clinics 2006, 61, 571-578. [CrossRef] [PubMed]
Zhang, P; Lu, J; Jing, Y,; Tang, S.; Zhu, D.; Bi, Y. Global epidemiology of diabetic foot ulceration: A systematic review and
meta-analysis (dagger). Ann. Med. 2017, 49, 106-116. [CrossRef]

Reiber, G.E. Epidemiology and health care costs of diabetic foot problems. In The Diabetic Foot; Humana Press: Totowa, NJ, USA,
2002; pp. 35-38.


http://doi.org/10.1016/j.mehy.2007.06.006
http://www.ncbi.nlm.nih.gov/pubmed/17689198
http://doi.org/10.1016/j.jinorgbio.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/2447782
http://doi.org/10.1111/j.1524-475X.2010.00573.x
http://doi.org/10.1152/ajpheart.01015.2001
http://doi.org/10.1038/srep33783
http://doi.org/10.1046/j.1365-2133.1999.02603.x
http://www.ncbi.nlm.nih.gov/pubmed/10215764
http://www.ncbi.nlm.nih.gov/pubmed/6110524
http://doi.org/10.3109/03008207.2012.665970
http://doi.org/10.1016/S0142-9612(98)00015-5
http://doi.org/10.1016/S0142-9612(03)00596-9
http://doi.org/10.1046/j.1524-475X.2002.20101.x
http://doi.org/10.1093/ajcn/67.5.996S
http://doi.org/10.1046/j.1523-1747.2000.00166.x
http://www.ncbi.nlm.nih.gov/pubmed/11121126
http://doi.org/10.1016/S0024-3205(00)00803-1
http://doi.org/10.1016/j.yexcr.2020.111859
http://doi.org/10.1016/j.bbrc.2019.07.110
http://doi.org/10.2174/0929867054637617
http://doi.org/10.2174/187231312801254723
http://doi.org/10.1515/REVEH.2003.18.3.153
http://www.ncbi.nlm.nih.gov/pubmed/14672513
http://doi.org/10.1097/01.mjt.0000127148.83065.e5
http://doi.org/10.1053/beog.2002.0267
http://www.ncbi.nlm.nih.gov/pubmed/12041959
http://doi.org/10.1093/ajcn/67.5.952S
http://www.ncbi.nlm.nih.gov/pubmed/9587135
http://doi.org/10.1590/S1807-59322006000600014
http://www.ncbi.nlm.nih.gov/pubmed/17187095
http://doi.org/10.1080/07853890.2016.1231932

Medicina 2021, 57, 296 14 of 14

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

Lavery, L.A.; Davis, K.E.; Berriman, S.J.; Braun, L.; Nichols, A.; Kim, PJ.; Margolis, D.; Peters, E.J.; Attinger, C. WHS guidelines
update: Diabetic foot ulcer treatment guidelines. Wound Repair Regen. 2016, 24, 112-126. [CrossRef]

Gopal, A; Kant, V.; Gopalakrishnan, A.; Tandan, S.K.; Kumar, D. Chitosan-based copper nanocomposite accelerates healing in
excision wound model in rats. Eur. |. Pharmacol. 2014, 731, 8-19. [CrossRef]

Klinkajon, W.; Supaphol, P. Novel copper (II) alginate hydrogels and their potential for use as anti-bacterial wound dressings.
Biomed. Mater. 2014, 9, 045008. [CrossRef]

Ghasemian, L.E.; Jahangirian, H.; Dashti, M.; Khajehali, E.; Sharafinia, S.; Rafiee-Moghaddam, R.; Webster, T.]. Antimicrobial
Double-Layer Wound Dressing Based on Chitosan/Polyvinyl Alcohol/Copper: In vitro and in vivo Assessment. Int. |. Nanomed.
2021, 16, 223-235. [CrossRef]

Venkataprasanna, K.S.; Prakash, J.; Vignesh, S.; Bharath, G.; Venkatesan, M.; Banat, F; Sahabudeen, S.; Ramachandran, S.;
Devanand, V.G. Fabrication of Chitosan/PVA/GO/CuO patch for potential wound healing application. Int. ]. Biol. Macromol.
2020, 143, 744-762. [CrossRef]

Abdollahi, Z.; Zare, E.N.; Salimi, F; Goudarzi, I.; Tay, ER.; Makvandi, P. Bioactive Carboxymethyl Starch-Based Hydrogels
Decorated with CuO Nanoparticles: Antioxidant and Antimicrobial Properties and Accelerated Wound Healing In Vivo. Int. ].
Mol. Sci. 2021, 22, 2531. [CrossRef]

Borkow, G.; Gabbay, ]. Putting copper into action: Copper-impregnated products with potent biocidal activities. FASEB ]. 2004,
18, 1728-1730. [CrossRef]

Gabbay, J.; Mishal, J.; Magen, E.; Zatcoff, R.C.; Shemer-Avni, Y.; Borkow, G. Copper oxide impregnated textiles with potent
biocidal activities. . Ind. Text. 2006, 35, 323-335. [CrossRef]

Brenner, A.].; Harris, E.D. A quantitative test for copper using bicinchoninic acid. Anal. Biochem. 1995, 226, 80-84. [CrossRef]
[PubMed]

Leaper, D.J. Silver dressings: Their role in wound management. Int. Wound J. 2006, 3, 282-294. [CrossRef]

Atiyeh, B.S.; Costagliola, M.; Hayek, S.N.; Dibo, S.A. Effect of silver on burn wound infection control and healing: Review of the
literature. Burns 2007, 33, 139-148. [CrossRef] [PubMed]

Chambers, H.; Dumville, J.C.; Cullum, N. Silver treatments for leg ulcers: A systematic review. Wound Repair Regen. 2007, 15,
165-173. [CrossRef] [PubMed]

Yang, T.; Yao, Q.; Cao, F; Liu, Q.; Liu, B.; Wang, X.H. Silver nanoparticles inhibit the function of hypoxia-inducible factor-1 and
target genes: Insight into the cytotoxicity and antiangiogenesis. Int. J. Nanomed. 2016, 11, 6679-6692. [CrossRef] [PubMed]

Wu, Z.; Zhang, W.; Kang, Y.J. Copper affects the binding of HIF-1alpha to the critical motifs of its target genes. Metallomics 2019,
11, 429-438. [CrossRef] [PubMed]

Ruthenborg, R.J.; Ban, J.J.; Wazir, A.; Takeda, N.; Kim, ].W. Regulation of wound healing and fibrosis by hypoxia and hypoxia-
inducible factor-1. Mol. Cells 2014, 37, 637-643. [CrossRef] [PubMed]


http://doi.org/10.1111/wrr.12391
http://doi.org/10.1016/j.ejphar.2014.02.033
http://doi.org/10.1088/1748-6041/9/4/045008
http://doi.org/10.2147/IJN.S266692
http://doi.org/10.1016/j.ijbiomac.2019.10.029
http://doi.org/10.3390/ijms22052531
http://doi.org/10.1096/fj.04-2029fje
http://doi.org/10.1177/1528083706060785
http://doi.org/10.1006/abio.1995.1194
http://www.ncbi.nlm.nih.gov/pubmed/7785783
http://doi.org/10.1111/j.1742-481X.2006.00265.x
http://doi.org/10.1016/j.burns.2006.06.010
http://www.ncbi.nlm.nih.gov/pubmed/17137719
http://doi.org/10.1111/j.1524-475X.2007.00201.x
http://www.ncbi.nlm.nih.gov/pubmed/17352747
http://doi.org/10.2147/IJN.S109695
http://www.ncbi.nlm.nih.gov/pubmed/27994464
http://doi.org/10.1039/C8MT00280K
http://www.ncbi.nlm.nih.gov/pubmed/30566157
http://doi.org/10.14348/molcells.2014.0150
http://www.ncbi.nlm.nih.gov/pubmed/24957212

MEICu

From Wound Care
to Wound Cure

NATURE + SCIENCE = BETTER WOUND CARE

MedCu'’s antimicrobial wound dressings harness the power of copper to set a new standard in wound care.

As a natural essential mineral for the human body, copper has been used for centuries to care for and treat
wounds. Today, copper is at the forefront of a revolution in advanced wound care. MedCu is the first and only
antimicrobial wound dressing impregnated with copper oxide microparticles to receive

FDA clearance and CE Mark.

MedCu wound dressings offer protection against a broad spectrum of pathogens, including
antibiotic-resistant bacteria. The dressings are non-adherent, with no need to pre-wet, and can be cut to
ensure optimal fit for patient comfort. With sustained antimicrobial action, the dressings have up to 7 day
wear-time allowing for fewer changes and reduced clinician contact time.

MedCu allows clinicians to effectively and efficiently care for wounds towards complete healing.

Areas of Use * Diabetic Wounds
* Leg & Foot Ulcers
MedCu's wound dressings are easy to * Pressure Ulcers
apply and remove, and are suitable for a * First and Second-Degree Burns
wide variety of applications including: * Surgical Wounds

Absorption Adhesive

Weight/Weight Contour
2C-0506-01 2x2.4 5x6 750% -
2C-1012-01 4x4.5 10x12 1000% -
2C-1020-01 4x8 10x20 1000% _
2C-2020-01 8x8 20x20 1000% -

2C-0505-01a g 10x10 750%
Pad: 2.5x2.5 Pad: 5x5 0 i
4x10 10x25

2C-1025-01a Pad: 4x7.8 bad: 5020 750% +
3C-1012-01 4x4.5 10x12 800% -

11 Galgalei Haplada St, POB 13085, Herzliya 4673300 Israel | +972-9-7429242 | info@medcu.com | MedCu.com



	Healing of Chronic Wounds by Copper Oxide.pdf
	Summary Healing of Chronic Wounds 10 case studies Medicina (1)
	medicina-57-00296 - final.pdf
	back page open sans Europe (1)

	Big back page.pdf



