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INTRODUCTION

Wounds involving significant tissue trauma are
common in equine practice, particularly wounds
to the distal limb. Where possible, primary
closure is ideal but is rarely successful due to
poor circulation, joint movement and minimal
soft tissue cover'. Compounding factors such as
excessive contamination and tension? as well as
the involvement of bone, tendons and joints lead
to wounds largely being managed by secondary
intention healing, which impacts the welfare of
equine patients.

The antimicrobial and anti-inflammatory activity of
manuka honey is now widely known, providing a
moist and more regenerative wound environment.
Manuka honey promotes autolytic debridement?
with enhanced angiogenesis, accelerated re-
epithelialisation and wound closure*>. Antimicrobial
resistance (AMR) which is being experienced
worldwide is reaching a crisis point due to the lack
of novel therapeutics. For this reason, manuka honey
is now becoming increasingly beneficial to wound
healing®, improving the financial, welfare and AMR
implications facing the management of wounds in
veterinary practice.

KEY HEALING FEATURES

Wounds involving the distal limb in horses have been
found to exhibit a weak and persistent inflammatory
phase of healing, compared to wounds involving

the body’. This prolonged low grade inflammation,

in combination with the lack of soft tissues and a
relatively poor vascular supply, can promote the
formation of exuberant granulation tissue (EGT)
which results in a complicated, and often delayed
healing processé.
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Manuka honey creates a favourable environment in
the wound, promoting an accelerated and healthy
bed of granulation tissue®, thus decreasing wound-
healing time'©. When applied to the wound as part of
a wound dressing, a physical barrier is created with
the provision of a moist environment, preventing
further contamination”. Due to its high osmolarity
and subsequent osmotic action, wound ocedema is
reduced® as well as generating a flow of bacteria,
necrotic tissue and debris out the wound™. This
results in the stimulation of autolytic debridement
which may in turn activate plasminogen, which
breaks down wound fibrin, releasing attachments of
devitalised tissue from the wound bed?3.

“Manuka honey creates a
favourable environment in
the wound, promoting an
accelerated and healthy bed
of granulation tissue”

On the wound bed itself, honey has been shown
to have several anti-inflammatory and immune-
modulating properties. This is achieved firstly by
an increase in the production of inflammatory
cytokines in leukocytes which modulate fibroblast
proliferation and angiogenesis®©'3, and secondly
by actively drawing exudate and lymph out of the
wound, physically reducing swelling, inflammation
and symptomatic pain™®. Furthermore, honey has
been shown to neutralise reactive oxygen species
during the inflammatory phase of healing, protecting
the wound tissue from potential damage from
inflammatory cells™.

Finally, during the repair phase, honey has been
shown to further stimulate angiogenesis, preserving
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KEY FEATURES OF MANUKA
HONEY IN WOUND HEALING

« Broad antimicrobial action

« Anti-inflammatory effect

« Antioxidant

« Antibiofilm

» Autolytic debriding action

» Deodorising properties

+ Accelerates wound healing

« Encourages formation of healthy granulation tissue
» Provides optimal moist wound environment

» Beneficial properties for cellular activity

the healthy granulation tissue bed, and promoting

re-epithelialisation’”. Honey provides a rich nutrient
source for proliferating cells that are rebuilding the
lost tissue and promotes the migration of new skin
cells™,

UMF RATING

Manuka honey possesses several substances that
have a direct antioxidant and antimicrobial action
which includes bee product propolis, bee defensin
and phytochemicals such as methylglyoxal (MGO),
the dominant antibacterial component of manuka
honey'?. A higher concentration of MGO and its
associated antibacterial properties, increases the
antibacterial potency of the honey.

In the hive, high levels of dihydroxyacetone (DHA)
are detected?*?3, which is harvested from the manuka
tree (Leptospermum scoparium) and converted

non enzymatically to MGO?. The presence of

MGO in manuka honey is therefore determined by
the concentration of DHA. A higher DHA content
increases the shelf life of manuka honey due to this
ongoing conversion of DHA to MGO. Additionally, a
compound unigue to manuka honey, leptosperin, has
been recently discovered; it contributes to manuka

honey bioactivity and its anti-inflammatory properties,

and is now incorporated into the UMF™ rating?>%¢. As
leptosperin is a compound found solely in manuka
flower nectar and can only be created by nature, its
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presence is measured for the authenticity of manuka
honey. Lastly, a test for hydroxymethylfurfural (HMF)
is included, which assures the honey has not been
overheated or stored too long.

MGO Leptosperin DHA HMF
UMF Rating (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Potency Authenticity Shelf Life Freshness
S5+ 93 >100 150 <40
10+ 261 >150 250 <40
15+ 512 >200 400 <40
20+ 826 >200 500 <40
25+ 1197 >200 500 <40

Table 1. UMF™ rating based on MGOQO, Leptosperin, DHA and HMF
concentration (UMF™ Honey Association?®)

ANTIMICROBIAL ACTION

Broadly speaking, the antibacterial activity of honey

is linked to its low pH which impedes pathogens to
thrive, its hygroscopicity which leads to dehydration
of the microorganism and the constant release of low
amounts of hydrogen peroxide followed by catabolism
of glucose which is a potent antimicrobial?. A 100-
fold difference in antimicrobial activity between honey
types is reported and depends on geographical,
seasonal and botanical source as well as harvesting,
processing and storage conditions?®. Furthermore,

this activity is dependent on various factors working
singularly or synergistically, such as hydrogen
peroxide and phenolic compound activity, wound pH,
pH of honey and the osmotic pressure exerted by the
honey?°.

“A 100-fold difference in
antimicrobial activity between
honey types is reported”

This provides evidence that the choice of honey for
wound dressings is of utmost importance. A recent
study examining the antibacterial activity of a variety
of honeys against common equine wound isolates
reaffirmed the general recommendation that only
medical grade manuka honey above UMF 12 has
therapeutic benefits™. Where bacterial contamination
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Figure 1. Acquisition of antimicrobial compounds within honey. (A) Polyphenolic compounds derived from the plant are transferred

by the bee. (B) Sucrose from the flower is ingested by the bee and broken down into glucose and fructose upon addition of diastase
and invertase by the bee. The glucose is oxidised by glucose oxidase upon the addition of oxygen, producing D-glucono-6-lactone and
hydrogen peroxide. The hydrogen peroxide has antimicrobial activity. (C) Bee defensin-1is added to honey by the bee (Swissmodel
6mry.5.A). (D) Dihydroxyacetone is harvested from Leptospermum sp. and converted non-enzymatically to methylglyoxal through

dehydration reaction. Source: Nolan et al, 2019%

and tissue trauma is substantial, manuka honey with

a UMF of >15 should be used, particularly in wounds
of the equine limb3°. Furthermore in 2017, Tsang et al.
compared the effects of topical application of UMF
20 and UMF 5 manuka honey with a generic multi-
floral honey. The results showed that when using the
UMF 20 the total healing time was reduced when
compared to UMF 5 and general honey (GH)3. Healing
times of wounds treated with GH and UMF 5 were not
significantly different.

In addition to UMF choice, as honey contains
particulate contaminants, such as pollens, and
microorganisms from the honeybee gastrointestinal
tract, most notably Clostridium spp., a medical-grade,
filtered, commercially sterile product is recommended
for wound treatment32. Multiple brands of honey
purchased from a local supermarket and UMF 5
manuka honey were among contaminated samples,
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which reiterates the further importance of product
sterility before administration to wounds'™.

SPECTRUM OF ACTIVITY

To date there are many publications reporting the
therapeutic properties of manuka honey, confirming
its activity against a wide range of bacteria3*3“. There
is a reported inhibitory effect on around 60 bacterial
species, including aerobes and anaerobes, gram
positives and gram negatives®®. Recent studies'®36-38
highlight the benefit of honey to wound healing due
to the high bactericidal activity at low concentrations
against common wound isolates. Almasaudi®’
compared the effects of 5 types of honey including
manuka honey UMF 20+ and UMF 16+ against 2 strains
of Staphylococcus aureus. The inhibition of bacterial
growth by all types of honey was evident at 20% and
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Bacterial Species Type of Honey MIC (%v/v) Reference
Medical manuka 1 8
Enterococcus faecalis Medical manuka 2 12 Carnwath et al., 2014
Manuka 20+ 6
Manuka 10+ 10
Medical manuka 1 6 Carnwath et al., 2014
Medical manuka 2 10
Escherichia coli Manuke 20+ N
Manuka 10+ 8
Manuka 25+ 12.5 Sherlock et al., 20104°
Woundcare 18+ (CUK/NZ) 12 Cooper et al., 2010%
Manuka 10 Allen and Molan, 199748
Kliebsiella pneumonia Medihoney® (AUST) 6-8 George and Cutting., 2007
Medihoney® (AUST) 13 Blair et al., 2009
Proteus mirabilis Manuka 10.8 Willix et al., 199232
Manuka 4-9 Cooper et al., 20022
Manuka 15.7 Willix et al., 199232
Medihoney® (AUST) 12-14 George and Cutting., 20074
Woundcare 18+ (CUK/NZ) 7.3 Jenkins et al., 2015b°2
Medical manuka 1 8 Carnwath et al., 2014
Medical manuka 2 10
Pseudomonas aeruginosa Manuke 20 ¢
Manuka 10+ 10
Woundcare 18+ (CUK/NZ) 6 Jenkins and Cooper., 2012%
Medical Manuka 12 Roberts et al., 2012
Medihoney® (CNZ) 10-30 Maddocks et al., 2013%°
Manuka 9.5 Henriques et al., 2011%¢
Manuka 25+ (CNZ) 12.5 Sherlock et al., 2010%°
Woundcare 18+ (CUK/NZ) 15.7 Cooper et al., 2010%
Manuka 5 Allen and Molan, 199748
Manuka 2.7 Willix et al., 199232
Medihoney® (AUST) 4 George and Cutting., 20074
Medical manuka 1 6 Carnwath et al., 2014
Staphylococcus aureus Medical manuka 2 0
Manuka 20+ 2
Manuka 10+ 10
Medihoney® (CNZ) 8 Maddocks et al., 2013%°
Manuka 1.2-34 Henriques et al., 2011°¢
Woundcare 18+ (CUK/NZ) 3 Cooper et al., 2010%
Manuka 2.7-3 Cooper et al., 2002b*
Medical manuka 1 4 Carnwath et al., 2014
MRSA Medical manuka 2 10
Manuka 20+ 3
Manuka 10+ 10
Manuka 25+ (CNZ) 12.5 Sherlock et al., 20104°

Table 2. Spectrum of activity (MIC) of Leptospermum (manuka) honeys registered as human wound care products of common wound
isolates in animals. Adapted from Carter, 20165°

Veterinary use of medical grade Manuka honey; a review of key healing features, spectrum of activity, indications and antimicrobial resistance.

Page 4




10% concentrations (v/v). Researchers found that
manuka honey had a higher antibacterial activity
against both strains, with a stronger effect from

the higher UMF. This provides significant evidence
for a correlation between MGO concentration and
antibacterial activity. Further studies have shown a
bactericidal or bacteriostatic effect against wound
pathogens such as multidrug-resistant S. aureus,
methicillin resistant Staphylococcus pseudintermedius,
Pseudomonas, Pasteurella multocida, Enterococcus,
Proteus, and Escherichia coli?’*° as well as antifungal
properties*°,

“There is a reported inhibitory
effect on around 60 bacterial
species, including aerobes and
anaerobes, gram positives and
gram negatives”

Manuka honey is effective against common equine
wound isolates (including ones that form biofilms)
namely S. aureus (MSSA), methicillin-resistant S.
aureus (MRSA), Pseudomonas aeruginosa and

Klebsiella pneumoniae®, with activity also extending
to Streptococcus pyogenes, Staphylococcus
epidermis, E. coli, Enterobacter aerogenes and
Salmonella typhimurium?®41-48,

Honey has been shown to affect bacteria through
multiple mechanisms, such as changing their

cell structure, decreasing membrane potential,
disrupting the cell-cycle and metabolism, decreasing
cellular growth, affecting efflux pump mechanisms,
disrupting quorum sensing, and disrupting biofilms>8,
Interestingly, the sugars such as those found in
manuka honey, change the way in which bacterial
organisms metabolise, resulting in less odorous
woundss.

The mode of action also appears to differ depending
on the microorganism involved. Exposure of
gram-positive organisms to MGO leads to the
downregulation of autolysin, an enzyme involved in
cell division, and the cleavage of bacterial cell wall
components®?¢°, Exposure of gram-negative bacteria
to MGO appears to lead to altered gene expression of
proteins involved in the structural integrity of the cell
wall and cell lysis®®°. A decrease in virulence factors of
bacteria has also been observed following treatment
with manuka honey, including downregulation of
flagella-associated proteins®*, inhibition of siderophore

High sugar content:
Increases water potential

Hydrogen Peroxide:
Oxidation causes DNA

outside of bacterial cells

Inhibits DNA B helicase

Polyphenolic compounds:

Low pH:
Effects proton motive force

damage through generation
of hydroxyl radicals

Polyphenolic compounds:
Induces topoisomerase IV
mediated DNA cleavage

across membrane and ionisation
of enzymes, altering their activity

Polyphenolic compounds:

Disrupts membranes effecting
transport and motility

Methylglyoxal:
Alters structure of fimbriae

High osmotic pressure:
Reduces bacterial growth rate

and flagella which limits
bacterial adherence and

Inhibits DNA gyrase

Polyphenolic compounds:

Bee defensin-1:
Proteins from Bee innate

motility

immune system disrupts
membrane permeability

Figure 2. The main constituents attributed to honey’s antimicrobial activity and their mechanism of action. Direct inhibitory factors affect
cellular mechanisms (blue), indirect inhibitory factors have a wider ranging effect on the bacterial cell (green). Source: Nolan et al, 2019%#
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formation®, and reversal of antibiotic resistance®¢2.
The collaborative and multifactorial benefits of using
manuka honey, in turn reduces the reliance on oral
antibiotics while still aiding in wound treatment?”63,

EFFECT ON BACTERIAL
BIOFILMS

Bacterial biofilms are known to impair healing of
wounds in both humans and horses due to the ability
of biofilms to interfere with the activity of many
antibiotics®4%%, In wounds in the distal equine limb,
biofilms may then result in chronic wound healing
which can lead to the development of excessive
granulation tissue (EGT)?. Bee defensin and MGO
both impair biofilm formation®7° suggesting manuka
honey not only has potent antimicrobial activity but
also inhibits the formation of biofilms and causes the
detachment of established biofilms®°.

Manuka honey at a concentration of 40% has been
found to give significantly reduced biofilm mass with
in vitro testing of clinical isolates of P. aeruginosa that
had developed into a biofilm”'. Similar findings were
seen in studies with S. pyogenes*® and MRSA”?, where
it was found biofilms were sensitive to manuka honey
treatment. In another study conducted with biofilms
developed from 11 isolates each of MSSA, MRSA, and
P. aeruginosa, it was found that 50% manuka honey
killed 9 out of 11, 7 out of 11 and 10 out of 11 of the
isolates, respectively’s. Greater sensitivity was found
in another study on biofilms formed in vitro where the
MIC for manuka honey was 6% honey for MRSA and
methicillin-resistant S. epidermidis, and 12% honey for
P. aeruginosa and K. pneumoniae®®.

MGO in manuka honey appears to play a critical
role in disruption of biofilms but it is not exclusively
responsible for this property”. Although the

exact mechanism of action is currently unknown,
exposure of bacteria to manuka honey in vitro

has demonstrated downregulation of gene

coding for surface-binding proteins important

in biofilm formation, virulence, and cell to cell
communication®75. Low concentrations of manuka
honey may prevent biofilm maturation by disrupting
cellular communications whilst higher concentrations
of manuka honey are able to penetrate and detach
established biofilms>>73,
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“Higher concentrations of
manuka honey are able

to penetrate and detach
established biofilms.”

ANTIMICROBIAL RESISTANCE

As we face the challenge of increasing AMR in
veterinary medicine, there is a pressing need for a
prudent and more directed use of antimicrobial drugs.
Currently, some degree of antimicrobial resistance
has been documented within all Staphylococcus
species that infect humans and domestic animals”®””,
Topical therapy should be used as the sole on-animal
antibacterial treatment for surface and superficial
infections whenever a pet and owner can be expected
to be compliant’s.

It has been observed that no organism has

gained resistance to honey>® which is likely due

to the multiple antibacterial properties which act
synergistically, enhancing its potency?. Manuka
honey exhibits antimicrobial activity against a broad
spectrum of organisms including those with multidrug
resistance®’, and it is now widely recognised for its
ability to eliminate problematic methicillin-resistant
S. aureus and multi-drug resistant P. aeruginosa

for which few to no effective antibiotics currently
exist’98, Furthermore, the multi drug resistance
status of each bacterial strain has no impact on the
susceptibility of the organism to honey?®'.

Interestingly, recent in vitro studies provide evidence
of the potential of manuka honey to increase

the efficiency of FDA- approved antibiotics by
restoring resistant bacterial strains susceptibility to
antimicrobial action282-85, These findings provide a
strong basis for the use of honey in the clinical setting
especially advantageous during chronic infections.
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“Studies provide evidence

of the potential of manuka
honey to increase the
efficiency of FDA - approved
antibiotics by restoring
resistant bacterial strains
susceptibility to antimicrobial
action.”

INDICATION FOR USE

Ideally, topical wound treatment products must have
a wide range of antibacterial properties while at the
same time protect the wound environment from
desiccation and other environmental factors and
therefore enhance the healing process®. When used
as a topical dressing, honey decreases inflammatory
edema, accelerates sloughing of devitalised tissue,
and nourishes the wound: these factors contribute to
enhanced granulation and epithelialisation®”. Several
studies have described the effectiveness of manuka
honey clearing wound infection without slowing the
healing process and it may actively promote healing.
These studies also outline the different uses of honey
within a clinical setting and that its implementation in
promoting healing is not only due to its antimicrobial
action, but also to reduce healing times and patient
discomfort.

The general convention in veterinary practice is to use
honey in the inflammatory and debridement stages of
wound healing only®.

In reviewing the studies by Bischofberger, Guisto

and Tsang, which all utilised control groups, manuka
honey had an efficient anti-inflammatory activity
during the treatment, but more specifically during the
first three weeks (21 days), acting more successfully
during the initial phases of inflammation, assessed

by the observation of the development of a healthier
bed of granulation tissue, increased angiogenesis,
fibrosis, collagen organisation, in the first 10 days, and
by moisturising the wound throughout the treatment
enhancing the debridement activity3'8.
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COMMON WOUND APPLICATIONS
PURE MEDICAL GRADE MANUKA HONEY IS
INDICATED FOR DIRECT APPLICATION
(WITH OR WITHOUT A DRESSING)

o Abscesses
« Bites
 Boils

« Burns

+ Field wounds
- Skin grafts

« Surgical wounds

In the study by Bischofberger, the results conclude
that the most beneficial time to apply manuka honey
is in the first 3 weeks after wounding3°. However,

a study was undertaken to try to understand the
outcomes between application of manuka honey for
21 days, and application until the wound healing is
complete. It showed that a wound heals faster if the
treatment continues until the healing is complete®.

Many studies have provided evidence of the beneficial
effects of honey on excisional and burn wounds in
rabbits®?, rats?-23, dogs®4949, sheep® and goats?.
Benefits include a reduction of bacterial counts,
enhanced wound closure, accelerated rate of re-
epithelialisation and reducing the expression of pro-
inflammatory cytokines.

Studies specifically mentioning use of medical grade
honey or manuka honey in rats®, dogss®, sheep®,
rhinos?” and horses3'?879! displayed faster healing times
with more organised granulation tissue beds, resolving
infection with evidence of reducing dependance on
oral antibiotics.

Indications other than wound healing that have
featured in veterinary literature to date include
periodontitis'®?, otitis externa in dogs*®, mastitis in
cats'®® and cattle*®, foot and mouth disease in cattle*
and endometritis in cattle™>°¢ and horses’see the
potential of various types of honey across many
clinical settings.
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Species Clinical Significance Reference
Oititis Externa Maruhashi et al., 2016
D Excisional and burn wounds Jalali et al., 2007, Esmaeelian et al., 2012
°8 Wound infection Tramuta et al., 2017
Wound healing while immunocompromised Alshehabat et al., 2020
Cat Feline gangrenous mastitis Wilson, 2013
Kundu et al., 2005, Lusby et al., 2006
Rabbit/Rat Excisional and burn wounds Sukur et al., 2011, Zohdi et al., 2012
Aljady et al., 2000, Giusto et al., 2017
Second intention healing Bischofberger et al., 2011, 2013, 2015, 2016
Khiati et al, 2014,
Excisional wounds Tsang et al., 2017
Horse Chronic wounds Ali et al., 2011
Endometritis Abidine and Bouabdellah, 2018
Intra-lesional application prior to wound closure Mandel et al., 2020
Post-operative colic surgery- incisional infection Gustafsson et al., 2020
Sheep/Goat Full thickness incisional wounds ﬁj!ibK:lzqaéI;St al., 2012, lacopetti et al., 2020,
Foot and mouth disease Gakuya et al., 2011
Cattle Mastitis Allen and Molan, 1997

Endometritis

Maarouf et al., 2018, Abdul-Hafeez et al., 2019

Table 3. Summary of the clinical significance of the use of honey in domestic animal species.

CONCLUSION

The use of manuka honey for wound healing has
gained special focus over the years, with the
development of further clinical applications, taking
advantage of its unique chemical characteristics.

In contrast to modern antibiotics which target
specific cell mechanisms and structures, honey
holds multifaceted intrinsic activities including broad
spectrum antimicrobial actions attributed to more
than 200 different constituents™®. Unlike some of
the biocides, high amounts of manuka honey are
not cytotoxic*, and to date no organism has gained
resistance to honey.

worldwide.

Vet NZ Limited.

There is also a promising potential that the use of
honey, particularly manuka honey, may indeed reduce
the reliance on oral antibiotics, contributing to the
collaborative effort of tackling antimicrobial resistance
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