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Abstract

In this study, we investigate the effect of manuka honey-impregnated dressings
(MHID) on the healing of neuropathic diabetic foot ulcers (NDFU). A total of 63
Caucasians, type 2 diabetic patients followed up in the diabetic foot outpatient clinic
comprised the study population. Patients were randomised in two groups as follows:
group I patients were treated with MHID and group II patients were treated with
conventional dressings (CD). The patients were followed up on a weekly basis for 16
weeks. Mean healing time was 31 £ 4 days in group I versus 43 &+ 3 days in group II
(P < 0-05). In group I patients 78-13% of ulcers became sterile during the first week
versus 35-5% in group II patients; the corresponding percentages for weeks 2, 4 and 6
were 15:62% versus 38:7%, 6-25% versus 12-9% and 0% versus 12-9% respectively.
The percent of ulcers healed did not differ significantly between groups (97% for
MHID and 90% for CD). MHID represent an effective treatment for NDFU leading
to a significant reduction in the time of healing and rapid disinfection of ulcers.

Key Messages

Medicinal properties of honey have been known for millen- o the effect of manuka honey-impregnated dressings in the

niums and have been used for the treatment of a variety of
pathological conditions (1). The healing properties of honey
have also been known from long and recently there has been a
resurgence of interest about the ability of this natural product
to assist wound healing with numerous reports in the interna-
tional bibliography (2).

As a wound dressing, honey provides a moist environment
with antimicrobial properties, has anti-inflammatory effects,
reduces oedema and exudates, promotes angiogenesis and
granulation tissue formation, induces wound contraction, stim-
ulates collagen synthesis, facilitates debridement and accel-
erates wound epithelialisation (2—6). Honey efficacy in the
healing of skin ulcers of different aetiologies has been docu-
mented in numerous studies (7).

Antibacterial action of honey has been attributed to its
hyperosmolarity, acidity or other properties that have not been
fully elucidated (8). Hydrogen peroxide is produced upon
dilution of honey (9) by the enzymatic activity of oxidases

© 2012 The Authors

International Wound Journal © 2012 Medicalhelplines.com Inc and John Wiley & Sons Ltd

healing of neuropathic diabetic foot ulcers was investi-
gated in a prospective, randomized, double blinded, with
a control group study

63 diabetic patients with lower limb neuropathic dia-
betic foot ulcers comprised the study population

32 patients were treated with manuka honey-impregnated
dressings and 31 with saline soaked dressings

patients were followed up on weekly for 16 weeks
swab cultures were also taken from all patients on a
weekly basis

manuka honey-impregnated dressings accelerated wound
healing and disinfection of ulcers while percentage of
ulcers healed was not affected

manuka honey-impregnated dressings also nullified the
need for antibiotics and hospitalization of patients with
neuropathic diabetic foot ulcers
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added in the nectar by bees (10), and it has been suggested
to be the major antibacterial factor in at least some kind
of honey. Apart from being an antiseptic H,O, stimulates
macrophage chemotaxis, induces Vascular Endothelial Growth
Factor (VEGF) expression at the transcriptional level and
consequently promotes angiogenesis and stimulates fibroblast
proliferation while also possessing antioxidant action, protect-
ing the local wound milieu from oxidative stress (11-13).

Honey also exerts significant actions on the immune sys-
tem, both innate and adaptive, stimulating cytokine production
[TNFa, interleukin (IL)-1f and IL-6] by monocytes (13) and
inducting B- and T-lymphocyte proliferation (14). The induc-
tion of proinflammatory cytokines by honey has also been
reported to contribute to its antibacterial activity (13).

The acidification of the alkaline environment of chronic
non-healing ulcers by honey has also been proposed as another
mechanism by which honey induces healing. Acidification
inhibits protease activity, induces fibroblast proliferation and
establishes an aerobic environment, all of which aid in the
healing process (2).

Nitric oxide (NO) is an important mediator in inflammation,
cell proliferation and immune response and is actively impli-
cated in wound healing (15,16). NO metabolites contained in
honey (17) and induction of NO production by honey in differ-
ent body fluids (18) constitute another mechanism by which
honey induces wound healing, given the antimicrobial and
immunoregulatory actions of NO.

Manuka honey (MH) is a natural, monofloral honey pro-
duced from bees feeding on manuka (Leptospermum scopar-
ium) plant which is endemic in parts of Australia and New
Zealand. MH has been reported to exhibit antibacterial activity
against a broad spectrum of bacteria including Staphylococ-
cus aureus [including Methicillin-Resistant Staphylococcus
aureus (MRSA)], Pseudomonas aeruginosa and vancomycin-
sensitive and vancomycin-resistant enterococci (19-22). MH
has been found to arrest cell-cycle progression and prevent cell
division of S. aureus (23) and to induce cell disruption and
lysis of P. aeruginosa cells (24). Methylglyoxal has been iden-
tified as the active antibacterial component of MH (25,26).

Diabetic foot ulcers are reported to occur in 15% of
patients (with different frequencies between type I and II
diabetic patients) with diabetes and to antedate 84% of all
diabetes-related amputations (27,28). Peripheral neuropathy
leading to unperceived trauma seems to be the major cause of
diabetic foot ulcers with 45—60% of ulcers to be considered
merely neuropathic and 45% of mixed, neuropathic and
ischaemic aetiology (29,30). Lower extremity ulcers represent
one of the most common complications of diabetes and a
leading cause for hospitalisation of diabetic patients (31).
Neuropathy, deformity, high plantar pressure, poor glycaemic
control, long duration of diabetes, peripheral arterial disease,
and male gender all are risk factors for lower extremity
ulceration (27,31,32). Treatment of lower extremity ulcers
imposes a huge burden on health care systems worldwide with
at least 33% of all costs to treat diabetes complications to be
spent for the treatment of ulcers (33).

MH has been reported to be effective in the treatment of
leg ulcers of diverse aetiology (2,34,35) and is considered as
honey with high antibacterial properties.
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In this study, we investigate the effect of manuka honey-
impregnated dressings (MHID) in the healing and microbiol-
ogy of NDFU.

Materials and methods

This prospective randomised, controlled, double-blinded study
was conducted in a tertiary Greek hospital. The study popula-
tion consisted of 63 type II diabetic patients, male and female,
with Wanger classification (31) grade 1 and 2 lower limb neu-
ropathic ulcers. They were consecutive patients at the outpa-
tient diabetic foot clinic. The patients were randomly assigned
to two groups: group I (n = 32) patients were treated with
MHID (Medihoney Tulle Dressing) and group II (n = 31)
patients with conventional dressings (CD, saline-soaked gauze
dressings). The first patient was enrolled in group I and the
subsequent patients were enrolled between groups II and I in
an alternating fashion. Exclusion criteria included allergy to
honey or bee products, presence of end-stage renal disease
on dialysis, concurrency of serious medical illness, chronic
steroid treatment (defined as intake of corticosteroids of more
than 2 weeks duration) and Ankle-Brachial Index (ABI) <0-9.

Meticulous debridement was conducted upon initial visit
and when judged clinically necessary thereafter. The wound
area was determined by multiplying the maximum perpen-
dicular length of the ulcer with the greatest width recorded
in centimetres upon initial visit. Measurements were per-
formed in duplicate by two independent observers. Wound
dressing was applied by qualified staff nurses initially on a
daily basis and then with declining frequency as wound heal-
ing progressed. Preparation and application of dressings were
performed by qualified nurses unaware of the study protocol.
The patients were followed up for 16 weeks and they were all
given instructions regarding ulcer care. Swab cultures were
taken from all patients after wound debridement upon initial
visit and then on a weekly basis. A charcoal swab stick was
used which was placed immediately after swabbing in Stuart’s
transport medium and rapidly transferred to the microbiology
department for aerobic and anaerobic cultures. Patients were
followed up in the outpatient diabetic foot clinic by a distinct
research team unaware of the study protocol.

The Perfusion, Extent/size, Depth/tissue loss, Infection,
and Sensation (PEDIS) system (36) was used for the clin-
ical evaluation and classification of wound infections. Ini-
tial empirical antibiotic therapy included monotherapy with
trimethoprim-sulphamethoxazole, amoxicillin/clavulanate,
ampicillin/sulbactam and levoflocaxin for per os (PO) admin-
istration in patients with mild or moderate severity infections.
Initial parenteral therapy for hospitalised patients with severe
infections included monotherapy with piperacillin/tazobactam,
imipenem/cilastatin, ertapenem and combinations of van-
comycin or linezolid with ceftazidime and clindamycin or
the combination of levoflloxacin with clindamycin. Antibi-
otic treatment was modified according to swab culture results.
Off-loading of the affected limb was applied in all patients.

The study protocol was approved by the institutional review
board, and all patients provided written informed consent.
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The study conformed to the ethical guidelines of the 1975
Declaration of Helsinki.

Statistical methods

Demographic and clinical data were described as mean =+
standard deviation for continuous variables. The normality
assumption for each one of the two groups was tested with
the Shapiro Wilk test (P-value >0-05). Comparisons between
the groups were analysed by unpaired, two-tailed Student’s ¢-
test. Although a convenient sample was included in the study,
post hoc power analysis concerning the null hypothesis of no
differences among the mean value of the two groups, with
G*Power (37) based on: o = 0-05 and effect size d = 3-39,
showed power >0-95. All data were analysed using IBM SPSS
for Windows v.20 software (IBM, New York, NY).

Results

Mean age of patients was 56 + 14 years for group I and 57
+ 15 years for group II. Mean HbA1C was 10-9 £ 2-1 for
group I and 11-2 £+ 2.3 for group II (P = 0-423). Ninety-
seven percent (31/32) of NDFU in the group of MHID healed
during the follow-up period versus 90% (28/31) in the group
of CD (P = 0-4). Mean duration of healing was 31 + 4 days
in the MHID group versus 43 £ 3 days in the CD group
[P < 0-05, confidence interval (CI) 95% —10-7N to —8-7]
(Figure 1).

Swab cultures were positive for all patients of both groups
upon initial visit (Figure 2). Swabs from 45 patients showed
mixed growth (71-5%), 5 colonisation with pseudomonas
(7-9%), 10 with E. coli (15-8%), 2 with methicillin resistant
S. aureus (3-2%) and 1 with Proteus sp. (1-6%).

In MHID group of patients, 25 (78-13%) patients presented
with sterile wounds within the 1st week, 5 (15:62%) within
the 2nd week and the remaining 2 (6-25%) within 4 weeks.
In group II of patients, 11 (35-5%) patients presented with
sterile ulcers within the 1st week, 12 (38-7%) patients within
2 weeks, 4 (12-9%) patients within 4 weeks and the remaining
4 (12-9%) patients within 6 weeks.
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Figure 1 Duration of healing of neuropathic diabetic foot ulcers in
diabetic type |l patients treated with manuka honey-impregnated
dressings (group I) and with conventional dressings (group Il). Results
represent the findings from 32 patients in group | and 31 patients in
group II. Values are expressed as means =+ SD. *P < 0-05 group | versus
group .
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Figure 2 Cumulative swab culture results for patients treated with
manuka honey-impregnated dressings and conventional dressings taken
during their initial visit upon commencement of the study.

None of the patients in group I needed treatment with antibi-
otics, while 9 (29%) patients in group II needed antibiotic
treatment during the follow-up period. Furthermore, four of
these patients were hospitalised for 28 days.

Swab cultures from the five patients treated on an outpatient
basis were positive for MRSA in two patients, Methicillin-
Sensitive Staphylococcus aureus (MSSA) in one patient,
P. aeruginosa in one patient and group B B-hemolytic strep-
tococci in one patient. In the four hospitalised patients swab
cultures were positive for MRSA in one patient, P. aeruginosa
in one patient and vancomycin-resistant Enterorococci in two
patients with recent history of hospitalisation.

Discussion

In this study, we investigate the effect of MH on the healing
of NDFU. MHID expedited ulcer healing in our study while
there was also a trend for increased proportion of ulcers healed
in MHID group which did not achieve statistical significance
though. Our results are in agreement with those of previous
studies on the effect of honey in general on diabetic foot ulcer
healing (38—40) and further strengthen the clinical evidence
for the widespread use of honey dressings at least in neu-
ropathic diabetic foot ulcers (NDFU). More specifically, in
relation to MH our results are also in agreement with pre-
vious reports of other researchers in which MH has proved
effective in the healing of venous leg ulcers (35,36,41,42),
surgical wounds (43) and diverse wounds in pediatric hema-
tology—oncology patients (44). It should be noted though that
in the majority of the above studies diabetic patients have been
excluded fact that underlines the need for future prospective
randomised trials in order to fully elucidate the effect of MH
in the healing of wounds in diabetics.

Methylglyoxal, the active antibacterial ingredient of MH,
has been reported to react with lysine, arginine and cys-
teine residues of structural proteins, such as collagen, giving
genesis to advanced glycation end products (AGEs) that
disrupt extracellular matrix remodeling, promote fibrosis in
chronic tissue infections, impair immune response and micro-
circulation, promote atherosclerosis and neovascularisation,
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induce endothelial cell dysfunction and impair wound clo-
sure (45,46). The above have raised concerns about a possible
detrimental effect of methyglyoxal, and consequently MH, in
the healing of diabetic foot ulcers (46). The results of this
study showed expedition of healing of diabetic foot ulcers
and do not support the above concerns. Further research with
future randomised prospective clinical trials is needed in this
field in order to fully elucidate MH honey effect on the healing
of NDFU.

Application of MHID was accompanied by rapid clear-
ance of ulcer bacterial load with nullification of the need
for antibiotics and hospitalisation and the above are in agree-
ment with the well-substantiated broad antibacterial activity
of MH (21-24). Additionally, the repertoire of bacteria iso-
lated from patients of the CD group that received antibi-
otic treatment, both on inpatient and outpatient basis, has
yielded pathogens against which MH has been reported to
be highly effective. More specifically, in hospitalised patients
swab cultures have been positive for MRSA, P. aeruginosa
and vancomycin-resistant enterococci where MH has been
reported to be effective against these pathogens in numerous
in vitro and in vivo clinical studies (21-24,47,48).

The results of this study conflict with those of Lund-
Nielsen et al. (49) which showed no effect of MHID on wound
pathogens in malignant wounds from patients with advanced
neoplastic disease. Concurrence of severe disease, including
cancer, has been an exclusion criterion in our study and the
above discordant results should be attributed to the different
population sample in the two studies. In the Lund-Nielsen
et al. study, 81% of patients were receiving antineoplastic
treatment and 16% antibiotic treatment during the study
period. Additionally, malignant wounds were considered to
progress because of their malignant nature and the action
of chemotherapy fact that could cause significant necrosis
and debris production while debridement was not included in
the management of wounds. The above could be responsible
for poor honey penetration and action and perpetuation of
malignant wound microbiology. Another issue is the absence
of control group in the above study as well as the absence of
quantitative microbiological evaluation of bacterial load fact
that could confound the results as the observed no qualitative
difference does not exclude antibacterial effect of MH that
might have been evident if bacterial load was found increased
in the control group.

In economic terms, significant benefits ensued from the
nullification of antibiotic need and necessity for hospitalisation
and the above are important, given the financial burden
that diabetic foot ulceration imposes on health care systems
worldwide. Moreover, it should finally be noted that despite
the previous history of hospitalisation during the last 3 months
in five of patients in MHID group none needed antibiotics
or hospitalisation, the fact that underlines the importance of
MH as a potent disinfectant. Additional financial benefits also
ensued from the shorter time of healing in MHID group of
patients.

In conclusion, the results of this study strongly support the
antibacterial effect of MH in NDFU, the fact that seems to
lay in the basis of expedited wound healing observed.
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