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CHAPTER 1

General introduction



Chapter 1

Chronic ear infections: a non-healing wound

Two conditions of the skin of the external ear canal and its vicinity, which often
manifest as a chronic illness, are: eczematous external otitis and the discharging
open mastoid cavity.

Eczematous external otitis is an inflammation of the external auditory canal, with
symptoms of pruritus, erythema and scaling. Exacerbations are often accompanied
by discharge and acute secondary bacterial infections®. General atopic dermatitis is
very common and affects up to 3% of the adult population® The pathophysiology
of atopic eczema is an immunological sensitization, due to a malfunction of the
skin, which enables allergens to penetrate the epidermal barriers. An eczematous
skin lesion is accompanied by Staphylococcus aureus® increased oxidative stress,
decreased local antioxidantst and a colonization with Staphylococcus aureuss.
This colonization and a reduced skin microbial diversity again influences
allergic sensitization®. Patients with eczematous external otitis have more often
asymptomatic food hypersensitivity?, and about 30% have positive epicutaneous
patch test results, leading to a higher incidence of recurrence?.

Another chronic condition, located in the vicinity of the external ear canal is the
chronically discharging open mastoid cavity. In patients with serious chronic
suppurative otitis media and cholesteatoma surgical intervention is inevitable.
An option is the creation of an open mastoid cavity, by partial surgical removal of
the petrous temporal bone, with exteriorization into the external auditory canal*™.
With this intervention, one big cavity is created to remove diseased tissue, to
facilitate inspection and cleaning and to generate outflow of discharge®. After the
surgical intervention, which can effect any age group®, up to 20-60% of patients
continue to have intermittent or persistent troublesome otorrheas, even with
regular aural toilet and topical medication®. Different factors contribute to an
unstable cavity: 1. Anatomical features of the cavity itself, as a high facial ridge or
a small external meatus. 2. Persistent origin of the disease, as perforation of the
eardrum or residual cholesteatoma. And importantly, patient factors that lead
to (partial) failure of (re-)epithelialization®. Latter, insufficient epithelial healing
and coverage leads to exudation, which in combination with keratin debris, is a
good culture medium for bacterial growth”. Infection, mainly by Pseudomonal
species®¥, oxidative stress**#, and the formation of granulation tissue again hinder
the formation of new epithelium?

Important factors in both types of chronic ear infections are interaction of cells of
the immune system and bacterial infection. In this way these chronic ear conditions
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bear all characteristics of a chronic (non-healing) wound. Chronic wounds do not
follow the physiological step-wise process of healing (inflammation, proliferation
and maturation/remodeling)® and rather remain in an uncoordinated, self-
sustaining state of inflammation®. For the transition from inflammation to repair
phase, the removal from noxious stimuli, followed by the replacement of cytokines
by growth factors, is an inescapable step in healthy wound healing®. The pathologic
micro-milieu in the chronic, non-healing wound is composed of amongst others,
bacterial colonization, increased oxygen radicals, pro-inflammatory cytokines and
proteases?®.

The chronic wound: need for new antiseptic strategies

The discovery of penicillin by Sir Alexander Fleming in 1928 introduced a new era
in the treatment of infections”. Unfortunately, bacterial resistance has increased
during the last decades, which was partly caused by over-prescription. Nowadays,
one can find pathogens that are resistant against nearly all antibiotics. This, in
combination with the stagnation of the discovery of new antibiotic agents, is a
new global challenge®** and accentuates the need for more and novel antiseptic
strategies.

The action of antiseptics differs to those of antibiotics. They often damage the
surface of microbes and act bactericidal (killing of bacteria) or bacteriostatic
(inhibition of growth of bacteria), with a broad spectrum of action®. Resistances
to antiseptics are known as well, but to a much lesser extend®. The action of
antibiotics is different. They mainly have single targets and a small spectrum of
action®. Antiseptics can be divided in different classes as iodine-based, silver-based,
honey-based, and others°. They can prevent bacterial resistance formation, lead to
less allergic reactions® and can optimize individual therapy and prevent antibiotic
overuse34. Based on the lack of powerful clinical studies, which combine different
treatments, it is still not possible to advise a single superior antiseptic agents.

In the chronic ear conditions eczematous external otitis and the discharging
open mastoid cavity, corticosteroids in combination with antibiotics are often
used as a topical treatment. A problem mainly with chronic and recurrent use
in both conditions are the formation of bacterial resistance3®3’, sensitization to
compounds3*4 and skin atrophy42.

This leads to the conclusion, that ‘the perfect’ wound dressing should combine the
following 3 properties: reduction of bacterial contamination, removal of wound
debris and the stimulation of the cellular wound healing process3.
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Medical honey: no longer so alternative

Honey can be considered as one of the oldest, or even the oldest wound dressing
known by humans. Honey was used as wound dressing in ancient Egypt (>1500 BC),
described by Hippocrates (460-377 BC) and used throughout the Middle Ages#44.
For centuries honey was used in traditional and folk medicine, based on medical
empirical knowledge. Nowadays, the wound healing potential of honey and area of
medical use is investigated and clinically proven for a broad range of wounds4+4%. In
chronic wounds a hyper-inflammatory microenvironment# and bacterial infection34
dominate and a switch in this environment is necessary for wound healing. Honey
offers a combination of antiseptic, antioxidative, immunemodulatory and wound
cleaning properties. Honey’s natural composition of high sugar content, low pH and
special honey compounds impair bacterial growth4®. These compounds are classes
of oxidatives (hydrogen peroxide) and aldehydes (methylglyoxalss, glyoxals4), as
well as phenolic compounds® and bee-defensin-14952, which is unique for honey.
Different honeys show bactericidal activities against a broad range of bacteria®:
against about 130 different multiple antibiotic resistances clinical isolatess* and
also against bacterial biofilmsss5¢. In addition, honey has a synergistic effect with
antibioticss”.

In wounds, honey acts as an immune-modulator, providing both pro- and anti-
inflammatory properties. The stimulation of immune cells with honey leads to
the release of pro-inflammatory cytokines as interleukin-6 (IL-6)%59, IL-13%° and
tumor necrosis factor alpha®®, whereas, honey also decreases reactive oxygen
species production®%, respiratory burst activity®, antibody production®4¢s
and the concentration of inducible nitric oxide synthases®, cyclooxygenase-2%°
prostaglandin E2%¢% and nitric oxide release®®®.

The antioxidant capacity of honeys results from the combined activity of
compounds, as phenolic compounds, enzymes, peptides, organic acids, Maillard
reaction products and other minor substances”?. In addition, also a correlation
was seen for total free amino acids and protein content”, and honey can reduce
the formation of lipid hydroperoxides and delays lipid oxidation7. Furthermore
honey proved to facilitate wound debridement in chronic wounds¥.

In summary, honey possesses all characteristics to qualify as a wound healing
agent, not only as an ‘alternative’, but also as a treatment of ‘first choice’. After the
first medical honey product (Medihoney) was registered by medical authorities and
launched in 19997, nowadays one can find about 20 different FDA approved honey
(containing) products?, offering a novel antiseptic and wound healing treatment
strategy for a broad range of chronic and difficultly healing wounds.

10
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Outline of the thesis

Honey and other beehive products proved to be an effective treatment in a diverse
range of diseases in otorhinolaryngology, as descripted in the narrative review
in chapter 2. In chapter 3 we showed that peroxide and non-peroxide honeys
both have similar inhibitory effects on different strains of bacteria and qualify
as good free radical scavengers, even at low concentration. We detected that
the «-oxaldehydes methylglyoxal and glyoxal are strong antibacterial agents
in honey, by the formation of different reactive oxygen species in reaction with
hydrogen peroxide and the amino acids lysine and arginine. In chapter 4 we focus
on the histopathological origin of chronically discharging open mastoid cavities.
We discovered that in patients with this chronic condition an open mastoid cavity
is covered either with stratified squamous (keratinized) epithelium, respiratory
columnar epithelium or granulation tissue. The typing of the cavity coverage is
important for treatment expectations and we found that cavities covered with
respiratory epithelium are less likely to heal, possibly by bacterial infection and
local immunological factors. About 20% of patients with an open mastoid cavity
suffer from chronic discharge, a condition, which often is therapy-resistant.
We report the outcomes of a clinical randomized controlled trial in chapter 5, in
which patients with a chronically infected open mastoid cavity, were treated with
either conventional eardrops (Terra-Cortril Polymyxin B) or a medical honey gel
(NasuMel). We proved that the treatment with honey gel is safe and decreased
discomfort, otorrhea and inflammation and reduced bacterial infection in these
patients. Another chronic ear condition is eczematous external otitis. In chapter
6 we present the results of an observational study. We treated patients, who were
suffering from recurrent eczematous external otitis with medical honey eardrops
for 2 weeks. Treatment reduced discomfort and itching and clinical signs of eczema.
In addition, we showed that these honey eardrops had a strong inhibitory activity
against bacteria in vitro.In chapter 7 we provide a general discussion and the future
perspectives of the findings of this thesis, and give a short summary.

11
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Abstract

Background: Honey and beehive products were rediscovered as an alternative
treatment in wounds. The medicinal properties also raised interest of their use in
otorhinolaryngology.

Objective of review: To give an overview of the effectiveness of beehive products in
otorhinolaryngology.

Type of review: Narrative.

Search strategy and evaluation: A literature search of the databases PubMed,
EMBASE and Cochrane was performed from the last 2 decades till December
2014. The search terms ‘honey’, ‘propolis’ or ‘royal jelly’ were used. Articles, which
evaluated the effectiveness of beehive products in otorhinolaryngology, were
included. The quality assessment of included studies was performed using the
Cochrane Collaboration’s risk of bias tool.

Discussion and conclusion: A total of 36 studies were identified and evaluated.
Eighteen studies investigated their effect in oral infections, seven in infection of
the respiratory tract, six in rhino-sinusal diseases, four investigated the use in
tonsillectomy and head and neck surgery and one study explored the preventive
effect in otitis media. Honey can be considered as effective (additional) treatment
in mucositis, childhood cough, persistent post-infectious cough and after
tonsillectomy. Propolis may have a role in the treatment of (aphtous) stomatitis,
mouth ulcer and prevention of acute otitis media. Royal jelly showed to reduce
mucositis. In the presented studies, beehive products proved to be safe, with only
minor adversereactions. Studies showed to be diverse and had some methodological
limitations.
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Introduction

Beehive products, such as honey and propolis, have been mentioned as wound
dressings in ancient writings from Egypt and Greece'*. Honey is a by-product of
flower nectar produced in the aero-digestive tract of bees, and propolis is produced
from plantresins, enriched with salivary enzymaticsecretions*:. Honey and propolis
are complex substances and contain about 180 different substances*4 While honey
contains mainly fructose and glucose and minor components such as organic
acids, vitamins, flavonoids and enzymes+¢, propolis contains polyphenols, volatile
oils, aromatic acids and waxes2 Another less common beehive product is royal jelly
(R). This substance is secreted from the hypopharyngeal and mandibular glands of
worker bees as nutrition for the queen and larvae”. RJ is rich in carbohydrates, lipids,
vitamins, and proteins?.

Beehive products are nowadays Te-discovered’ in wound healing. The clinical
effectiveness of honey in the treatment of different kinds of wounds is well
established®. Honey leads to faster epithelization, wound area reduction and
less inflammation®. The unique composition leads to three major convalescence
stimulating functions; honey™, propolis” and RJ*% have immune-modulatory
and antimicrobial capacities’?®. Honey and propolis have in addition strong
antioxidative properties, caused by phenolic compounds and amino acids*™.
The increasing awareness of beehive products as alternative wound treatment
generated interest of their use in otorhinolaryngology?°, with an increasing number
of publications referring these productss#. The aim of this study is to describe and
evaluate all studies investigating the possible beneficial effects of beehive products
in otorhinolaryngology, which has not been provided so far.
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Methods

A search of all available literature was performed, using the online databases
PubMed, EMBASE and the Cochrane Central Register of Controlled Trials. Studies
were identified using the search terms: honey, propolis or royal jelly independently.
The search was restricted to human species and articles published in English,
German, French or Dutch from the last 2 decades till December 2014. Two authors
independently screened ref erence lists of relevant reviews and included articles
for additional literature. Trials that were randomized controlled trials, prospective
or retrospective cohort studies, in which beehive products were used as prevention
or therapy of diseases in otorhinolaryngology, were included in this review:. First, titles
and abstracts of articles of databases were screened and identified for eligibility
with a removal of duplicates. After screening, selected articles were evaluated
independently by two reviewers. Case series, editorials, letters, comments and
guidelines were excluded. After selection of studies, we used the Cochrane
Collaboration’s tool for assessing risk of bias4. All trials were rated for risk of bias,
depending on the description of sequence generation, allocation concealment,
blinding, selective outcome reporting and incomplete data.

Quality assessment of included studies

The studies discussed in the presented review had methodological limitations. Only
five of the 36 included trials were assessed as being at overall low risk of bias33.
Eleven were assessed as being at unclear risk of bias4>*°, and all remaining studies
were assessed as being at overall high risk of bias. Details on quality assessment
are presented in Fig. 1.
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Results and discussion

Atotal of 3850 abstracts were reviewed of which 36 full-text articles were identified.
All three different beehive products are used for the prevention and therapy of
various conditions in otorhinolaryngology. Eighteen studies investigated their
effectinoralinfections, sevenininfection of therespiratory tract, sixin rhino-sinusal
diseases, four investigated the use in tonsillectomy and head and neck surgery and
one study explored the preventive effect in otitis media. Study characteristics are
shown in Table 1.

Oral infection

Half of all studies included in this review investigated the effect of honey, propolis
or RJ in oral pathologies. In patients who underwent radiotherapys*5+¢, with
concomitant chemotherapys>s’ of the oropharyngeal region, honey treatment
resulted in less severes*s” oral mucositis, with later onsets*ss, faster healings
and a reduction in candida infection and pathogenic bacterias. In patients with
already existing oral mucositis, honey treatment upon chemotherapy led to less
severe mucositis, with the highest effect for honey plus caffeine treatment®. In
chemoradiation-induced mucositis, RJ as therapy additional to mouthwash resulted
in faster mucositis healing compared to mouthwash solely4® and had a preventive
effect on mucositis onset, severity and healing®.

A similar effect was seen in children with chemotherapy-induced oral mucositis,
where honey treatment showed faster complete recovery time and healing, without
an influence on severity and onset of mucositiss. In a similar study, propolis was
not superior to placebo in preventing severe mucositis in children#. Two studies
found no differences in mucositis incidence between honey and placebo treatment
during radiation therapy®#. In addition, honey led to decreased streptococcus
mutans counts in patients with radiation-induced xerostomia®.

The treatment of patients with recurrent aphtous stomatitis with a propolis capsule,
reduced outbreak frequency and improved quality of life+>. Furthermore, propolis
products had the same effect compared to local antifungal medication in patients
with denture stomatitis® or denture-wearing patients with oral candidiasis® and
enhanced ulcer healing with less pain in patients with mouth ulcerss.

The antioxidant capacity of honey and propolis could explain the positive study
results®##7297. They act as a scavenger of reactive oxygen species, which are an
inevitable by-product of anti-cancer therapies and a cause of mucositis». The
antioxidant capacities are comparable to agents, as Zinc sulphate or amifostine?.
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In addition, honey”7” and propolis®* have a strong antibacterial capacity without
bacterial resistance formation?” and can eradicate bacteria even in the form of
biofilms?°.
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Upper respiratory tract

Three studies evaluated the effect of honey consumption on nocturnal childhood
cough. Single dose treatment with honey was superior to over-the-counter cough
medication®® or silan date extract#. With regard to the prevention of respiratory
tract illness in children, Echinacea-propolis-vitamin C preparation showed a
positive effect after 12 weeks of treatments©. In the latter study it is difficult to
prove the effect of solely propolis, as Echinacea and vitamin C may play a role in
the prevention of common cold in children®#. Moreover, the nasal application
of a propolis extract was evaluated in children. After 5 months treatment, less
disease episodes were observed without difference for rhinorrhea®. Based on these
outcomes and contradictable results of over-the-counter antitussive medication?®;,
honey can be seen as a potential alternative treatment of cough and illness of the
upper respiratory tract in children.

In adults, the treatment of persistent post-infectious cough with honey combined
with caffeine seemed to be more effective than systemic steroids®. The effect of
honey was enhanced by the addition of caffeines°.

Rhino-sinusal diseases

The beneficial effects of honey administration in allergic fungal rhinosinusitis
(AFRS), chronic rhinosinusitis and allergic rhinitis were evaluated. Honey did not
show to improve sinonasal mucosal healing after Merocel packing after functional
endoscopic sinus surgery (FESS) in patients suffering from ARFS3, but showed a
symptom improvement without a clear mucosal and bacteriological enhancement
in ARFS patients#. In patients with bilateral chronic rhinosinusitis undergoing
FESS, no changes in symptoms, endoscopy and CT scan were observed after nasal
honey spray application#.

Furthermore, honey ingestion had no effect in the treatment of allergic
rhinoconjunctivitis® and only led to an improvement of individual allergic
symptoms but did not affect total symptom score in allergic rhinitis#. However,
birch pollen-enriched honey led to an individual symptom reduction in allergic
patients66. These effects can partly be contributed to the immune-modulatory
capacities of honey, which were demonstrated in several in vitro studies’*®84.

Wound healing

Intra-operative administration and postoperative consumption of honey after
adeno-tonsillectomy4®® or tonsillectomy®” in children led to VAS improvement,
less use of painkillers4%® and faster tonsillary fossa healing®”¢. In patients who
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required micro-vascular-free tissue reconstruction after the operation of head and
neck cancer, honey dressing did not lead to less wound site infection. However, a
shorter hospital stay was observed®. There are conflicting results about the role of
honey in acute skin wound healing?®, but honey can be seen as a good alternative
postoperative therapy after tonsillectomy compared to perioperative coatings or
topical anesthetics, which seemed to be ineffective so far®-o°.

Otitis media

One study investigated the effect of propolis in otological disease”™. Herein, the
treatment with a propolis-zinc suspension resulted in less acute otitis media (AOM)
episodes and a decrease of nasopharyngeal colonization in children with a history
of recurrent AOM. Whether this effect is attributed to propolis alone cannot be
concluded from this study. Zinc itself is known to reduce common cold symptoms
in healthy people? and may have a possible role in the incidence reduction of otitis
media®.

In this review, we present the results of 36 clinical studies, which evaluate the
effects of beehive products in otorhinolaryngology. The effect of interventions
is summarized in Table 2. Off all studies, 56% reported the occurrence of adverse
events. In 28% of these studies no adverse events were observed at all. The other
studies reported only mild events in a low percentage of participants, mostly mild
gastrointestinal and palatability symptoms, mild itching and rash in the mouth
or skin and hyperactivity and nervousness in children. Importantly, due to the
appearance of Clostridium botulinum spores in honey, any honey treatment of
children during the first year of life is discouraged due to the risk of infant botulism,
a rare but life-threatening disease%94

In the studies, a broad diversity of sorts of mainly honey and propolis was used,
so it is not possible to recommend one single product, knowing that composition
and properties can differ by factors as environmental conditions and exudatess. For
further research, it is strongly recommended to standardize type and preparation
of beehive products for a better understanding of their properties and efficacy.
Furthermore, this review highlights the importance and the present lack of high
quality clinical trials, investigating the potential effects of beehive products in
otorhinolaryngology.

31



Chapter 2

(uonyezruiop
-uer ‘3urpurq)

Jgauaq 3[qeqoid oguou  Surpeay 193se] ‘ured ssI9| Yy  ozi=u Dy or8urs  stodoid 6s190[N YINOW
JuauneaI]
ogaoerd ou ‘dnoid (uonyezrurop
Jyauaq (ou [0I3U0D U JuawIjear}  -uel ‘3urpurlq)
A1) 1ROPUN auou Ul uorssTuIal a3a7dwod Y3y of=u 1Dy 9r8uts  siodoid 1oST}FBUIO}S 2INJUR(J
JuauIeaI} (o0
0qgaoerd ou ‘dnoid ‘uoryezIuIop
Jgyauaq (ou [0I3U0D Uk JUaWIear}  -uel ‘Surpurlq)
A1a17) TESUN PaUOIUSW JOU  UI UOISSTWAI 933[duIod Y3y gi=u DY o[3urs  srodoid 0gSISEIPIPUED
sy jo frenb 1an3aq (uorjeziwop STNEW
1gauaq 3[qeqoxd pauOIIUaW J0U ‘Y€31GIN0 JO UOTIONPAI  -UeI) 9}eISPOU 61=u 1Dy or8urs  syodord  -03s snojyde jusLIMOAY
USIp[IYD ST}TSOINUL 219A3S (uoryezIuIop
Ul }Jauaq ou Juou UT }JaUq OU USIP[IYD  -UEl) 9}eISpOul oS=u 1Dy 98uts  siodoid 1#STITSOONIA
(uony
-eZIWIOpURI
pauon Bureay 12)sef ypm  ‘Surpuilq) ysy
Teroyauaq AfaYI[ -Uau J0U / 9UoUu SIIISOOTNWI 9I2A3S SSI[ 0191eI9pOW  £0T=U ‘€I=USIDY ¢ I 4s'gvSTHSOONIN
uaIp[nyd (z=u)
Ul 1091J2 Ieapun UOT}BSUSS YInoul 8ureay  (Burpurq ‘uon} USIpIIYD
‘synpe Ut e 8uruing :stey ¢ ut 191SB] pUE 1aSUO I9)e] -ezruIopuel) U1 06=u 1Dy 1
-gauaq AJayI[ pauonusw ATuo ‘SI}ISOOTIWI 9I2A3S SSI[ Y3y €1-ob=usidny 6 Aauoy Ls-15:66:165eSTAISOONIAT
uoreaI serq uor}
JuUauIuIod 9SISApE/SWIIRY SUIODNO UTEU  JO YSUI [[eISA0 rem3 joadAy -usarajur wio}duwids

£8o108uhrejouryrolo ur syonpoid SATY33q JO 393337 “T d[qeL

32



Honey and beehive products in otorhinolaryngology: a narrative review

N

(13y30 Mo
S[BLI} T Ul SUOTIUUI -do1p Surpuiiq
Jou ‘(e'u=Uu) asou Au Swol ‘UOT}BZIWIOD
jgeuaq (Ou  -Uni ‘un{s Io yjnour -dwifs siruryz o131a[re -uer) y3ny
A1) 1R3PUN QY3 ur Suryor prrua JO SI[NS3I JU1SISUOIUT 0} 9jeIapOW 19-LE=u DY € Asuoy 99'59'65STHUTYL DISIS[TY
suroy1duwiAs
pue JusuraroIduir
o1dodsopus Jo synsal
1U91SISUODU] 'UBdS 1D
(P=u) esoonuieseu U0 I0 JUSWISAOWI-II [ (serq (sremn
Jgyauaq (Ou 2y} Jjo uoryesuas Sur  -OISYA I23Je JIOJUIOISIp I93}0) 2)eId Z UT [0IJU0D UMO) gigedSE
A1) reappUN  -uwIng (I=U) easheu Jo yuawaaordwit ou -pour 03 MO 9-gt=u 10y € Asuoy -STp [eSOUISOUTYY
(o urux
-B1IA B2D
uon -euIyOyg
-eorjdde [eseu se Uim)
pue aInIXIu se (6=u) swoydwifs (uonyezrurop uormnios
pardde sijodoxd  Ajiiqeyered pue reu suoTaJuI Joe1} A101  -uel ‘Surpuriq) o¢v=u  siodoid 9oy UIPTIYD UI SUOT}
‘Jgauaq Ieappun  -ysajuronised prrur  -eirdsaI Is}ioys pue ssa] Y31y pue mof Y6=usidyec ‘sijodoxd  -dajuroer} Arojerrdsay
(et
(paquiosap Ul 99JJ02
jou uonez! yim
ySnoojo  -wopuer) aje Kauoy) osgeJSN0D
1gauaq 3[qeqoxd pauorusw jJou fousnbarg urasesrsp  -1spour oy Mol L6=u‘Fg=usidyz Asuoy  snorpajurysod Jusisisiad
(9=u)
(y8ru sauo dunruoa ‘essneu (Surpurq ou)
10J JUSWI eI} ‘QUoeDEULS (1=U) syusred pue uaIp  S[eLI} 1930 Ul
9sop a13urs) ssaursmoIp ‘(L=u)  -Tryo jo daars jo Ayrenb  yS1y ‘ua1piyd S99ty
URIPIYD Ul BTUWIOSUI ‘SS9USTIOA JO JUSWIRDUBYUS M OO J}IM [eti} y8nod
Tenyauaq A1 -19u ‘Ay1anyoerad Ay 48Nnod [euInioou ssay QUO UL MO]  00E-0§T=USIDY € Asuoy POOYPIIYD [EWINIION
SI991UN[OA
1gauaq e1I910eq [B101 10U Ai[eay M
my8urueaux 1NQ JUNOD SURINW SND uostredurod & BTUI0}S
Aqreaturp oN pauOnUaW 10U -D0201d3I1S JO 9SBIIDIP ‘104 ou Ye=u ten ar8urs Asuoy  -o1ax paanpur uonerpey

33



Chapter 2

(uors

susdoyyed (Burpurq -uadsns
(t=u) A103e11dS31 pUE WOV ‘UOT}BZIWIOD JUIZ+)
Jyauaq a[qeqoid  BurruIoA ‘(1=Uu) yser JO 9DU1INIIO0 SSI -uer) ySy cei=u 1Dy  srodoid oBIPAW STITIO
(w30
‘Burpur(q
1gauaq (ou Aeys reydsoy “UoTyeZIUIOP 65UOTIOILI}SUODII ANS
A7a17) TESPUN suou JO UOTIRINp I9HOYS -uer) Y3y 6=u 1Dy 918urs Asuoy -ST1 931J IB[NISBAOIITUL
(zo30
‘Burpuriq
©SS0J “UOTYRZIUIOD
Azeyisuoy Jo A19A0031 -uer) y3y ag1gsrAUT
[e1oyauaq AfayI[ suou 191se] Yim ured ssaf 0] 91eIapOoUL Yor-09=u 1DY € Aauoy -0303[[ISU0} (-0UPY)

34



Honey and beehive products in otorhinolaryngology: a narrative review

Conclusion

Honey only, or as add-on (alternative) therapy, has a possible beneficial effect in
the treatment of mucositis, childhood cough, persistent post-infectious cough, as
well as post-tonsillectomy wound healing and the prevention of AOM. Propolis has
a potential role in the treatment of (aphtous) stomatitis and mouth ulcers, and RJ
seemed to effectively reduce mucositis. In the presented studies, beehive products
proved to be safe, with only minor adverse reactions. The standardization of mainly
honey and propolis for further research is strongly recommended.
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Abstract

Honey is known for its wound healing potential. In this study we investigated free
radical formation and inhibition in different honeys and the influence on bacterial
growth inhibition. « -Oxaldehydes and free amino acids were shown to be present
in manuka and non-manuka honeys. With electron spin resonance we measured
that methylglyoxal (MG) and glyoxal (GO) form different carbon centered radicals
under the influence of either hydrogen peroxide or arginine and lysine. These
radicals were also formed in a combination of « -oxaldehydes and amino acids in
artificial honey, which was quantified by the cytochrome C assay. Also, a strong
bactericidal activity for MG and GO (minimum concentration 0.6 and 1.25 mM)
was shown against different bacterial strains. Interestingly, honeys with a high
MG content were shown to be better free radical scavengers for hydroxyl and
superoxide radicals, implying a complex mechanism for free radical donation and
scavenging in honey.
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Introduction

A growing challenge in the treatment of infected and chronic wounds is increasing
antimicrobial resistance’. This expedites the need for novel antiseptic strategies.
Honey is probably the oldest wound dressing known by humans? with especially
strong antiseptic properties, without the formation of bacterial resistances.
Additionally, antioxidative and immune-modulatory propertiest lead to it’s
wound healing capacity>®. Composition of compounds of different honeys varies
strongly, dependent on the source and environmental conditions4. Based on their
antibacterial properties, medical honeys can be classified into those exerting
peroxide and those exerting non-peroxide cytotoxic effects’, both used and
evaluated for their healing capacity in a broad range of acute and chronic wounds,
as well as under inflammatory conditions®*.

Honeys with peroxide dependent cytotoxic properties have elevated honeybee
glucose oxidase activity and produce relatively high amounts of hydrogen peroxide.
In these honeys a cytotoxic effect on bacteria was found to be hydroxyl radical
dependent, which was enhanced by trace metals and polyphenols®*. Honeys, which
are mainly studied for their non-peroxide antibacterial activity are honeys from the
nectar of the Manuka (Leptospermum scoparium) plant4. These honeys contain high
amounts of methylglyoxal (MG) due to enhanced levels of dihydroxyacetone, found
in Manuka flowers nectar’. In Manuka honey, hydrogen peroxide accumulation
is low, because of the inhibiting effect of MG on glucose oxidase activity®. Other
« -dicarbonyls in honeys are glyoxal (GO) and 3-deoxyglucosone (3-DG)*, which
can be generated during glucose degradation”*®. These molecules are more reactive
than their parent sugars and are responsible for the generation of free radicals by
non-enzymatic reactions®, by interacting with amino acid groups of proteins. This
induces the formation of advanced glycation end products®. The reaction of MG
with amino acids (AA) as lysine (Lys)* or alanine? can lead to cross-linked radicals,
MG anion radicals and superoxide radicals under aerobic conditions. The formation
of these reactive oxygen species (ROS) induces DNA damage? and is supposed to
have an antibacterial effect, via the alteration of the structure of bacterial fimbriae
and flagella®.

Littleisknown about the interaction of MG and other « -oxoaldehydesinhoney with
sugars and AA. In our hypothesis, the high accumulation of carbonyl compounds
leads to “carbonyl stress”, which could be the main bactericidal factor in medical
honey. Therefor this study addresses 3 different research questions, regarding
ROS formation induced by honeys with different dicarbonyl compositions, their
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antiseptic effects and antioxidative potential. The first aim is to examine the
formation of different radicals in artificial honey, induced by the interaction of
MG, GO and 3-DG with the amino acids Lys and arginine (Arg). The second aim
is to determine «-oxoaldehyde and free amino acid content of medical manuka
and non-manuka honeys and measure the inhibitory capacity of these honeys
and oxaldehyde solutions on different bacteria. The third aim is to identify the free
radical quenching potential of peroxide and non-peroxide honeys associated with
the AA and oxaldehyde content.

Materials and methods

Honey samples and artificial honey

Four different honeys were selected: (1) Manuka honey 30+ (M30) and (2) 550+
(Ms50) (MGO Manuka Honey, Manuka Health New Zealand), (3) Revamil honey
(RH) (Bfactory Health Products BV, Rhenen, The Netherlands) and (4) supermarket
(flower) honey (FH) (Plus supermarket, The Netherlands). Honeys were chosen to
compare medical honeys (Manuka honeys with a high and low MG concentration to
a non-Manuka medical honey (RH)) to a non-medical honey (FH). Previously it was
shown that RH is a peroxide honey, which produces up to 5 mM hydrogen peroxide
upon dilution after 24h*, whereas non-peroxide Manuka honeys did not produce
any hydrogen peroxide®. In addition, an artificial honey (AH) was prepared as a
control sugar solution. This solution (100g) was prepared by dissolving 1.5 g sucrose,
7.5 g maltose, 40.5 g D-fructose and 33.5 g D-glucose (Sigma-Aldrich, Germany), in 17
mL of sterile, deionized water, which is in line with the proportions of the 4 major
sugars in natural honeys and used by other authors?.

Measurement of «-oxoaldehydes

Different «-oxoaldehydes were measured as described®. In short, honey solutions
(10% w/v) were deproteinized with perchloric acid (Sigma-Aldrich, Germany), and
derivatized with o-phenylenediamine (Merck, Germany). Derivatized MG, along
with GO and 3-DG were analyzed by ultra performance liquid chromatography
(Acquity Ultra Performance LC from Waters) and detected using Tandem mass
spectrometry (Xevo TQ MS from Waters). Quantification of the «-oxoaldehydes
was performed by calculating the peak area ratio of each unlabeled peak area to
the corresponding internal standard peak area.
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Measurement of free amino acids in honey

The amino acid concentrations of different honeys were determined with a fully-
automated high-performance liquid chromatography (HPLC) and pre-column
o-phthaldialdehyde derivatization. A 150 mm x 4.6 mm 1D. HPLC column was used
filled with 2-3 um Spherisorb ODS II packing material. Methodology applied as
previously reporteds°. Honeys were diluted in methanol (2:1).

Assessment of hydroxyl and superoxide radical scavenging by honey
The antioxidant activity (radical quenching) of different concentrations of honeys
was determined using electron spin resonance (ESR) and 5,5-dimethyl-1-pyrroline-
N-oxide (DMPO) as a spin trap. DMPO was purified by a charcoal treatment. In
order to produce a hydroxyl radical, the Fenton reaction was mimicked by reacting
100 M H,0, and 100 pM FeSO,. Superoxide radicals were produced by reacting
3.3 UM PMS and 50 pM NADH. After the addition of honeys and DMPO (100 mM),
the reaction mixture was transferred to a sealed glass capillary (100 pl, Brand AG
Wertheim, Germany) and measured immediately at room temperature on a Bruker
EMX 1273 spectrometer equipped with an ER 4119HS high sensitivity cavity and 12
kW power supply operating at X band frequencies. The modulation frequency of
the spectrometer was 100 kHz. Instrumental conditions for the recorded spectra
were: magnetic field: 3490 G; scan range: 60 G; modulation amplitude: 1 G; receiver
gain: 1 x 105; microwave frequency: 9.85 GHz; power: 50 mW; time constant: 40.96
ms; scan time: 20.97 s; number of scans: 20. Radical signals in the spectra were
quantified (in arbitrary units) through peak surface measurements using the WIN-
EPR spectrum manipulation program.

Assessment of a-oxaldehyde dependent radical formation

In order to determine radical formation of «-oxoaldehydes and AA, different
concentrations of MG (6.9 mM or 200 mM), GO (200 mM or 6.9 M) and 3-DG (3.82
mM) were mixed with Lys (200 mM) and Arg (100 mM) and AH (30% w/v). Where
indicated, 100 uM of H,O, was added. Subsequently, 100 mM of DMPO was added
and the reaction mixture was transferred to a sealed glass capillary and measured
immediately using ESR as described.

Superoxide radical production: Cytochrome C assay

Superoxide formation was quantified by monitoring the rate of cytochrome
¢ reduction using a Varian Cary 20 UV VIS spectrophotometer in incubations
containing MG (200 mM) or honey (25% w/v) with or without AA (Arg 100 mM
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and Lys 200 mM). Non superoxide dependent (direct) reduction of cytochrome c by
MG or artificial honey was corrected for by determining the rate of cytochrome c
reduction in the presence of superoxide dismutase 1 (10 U/ml).

Broth micro-dilution assay

Bactericidal activity of honeys and different solutions were assessed against
different bacteria in a 2-fold microbroth dilution assay. The following strains
were tested: Escherichia coli (E. coli), Pseudomonas aeruginosa (P aeroginosa),
Staphylococcus aureus (S. aureus). Honeys were diluted in sterile demi water to a
concentration of 50% (w/v). All « -oxoaldehydes and AA were diluted in sterile PBS
(Gibco, 1x, pH 7.2). Of all solutions 2-fold serial dilutions (50 ul) in physiological salt
were made in 96-well plates. Overnight cultures of all strains were diluted to 1.5x10°
CFU/ml in double concentrated Mueller Hinton II Broth (Cation-Adjusted) (BD) and
50 ul per well was added to the serial dilutions (one strain per serial dilution). The
96-well plates were incubated overnight at 37°C. The minimal inhibitory dilution
(MID) was determined as the first dilution at which no growth was visible. All
micro-dilution assays were performed in duplo.

Statistics

All data are presented as mean + SD. All experiments were carried out in 3-fold,
if not mentioned otherwise. Data fitting was performed with GraphPad prism 5.
Significance was tested via 2-way ANOVA with post-hoc Hochberg correction and
considered significant with p < o.os5. Correlation coefficients were determined
using GraphPad prism 5 to estimate the correlation between variables.
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Results

Interactions between dicarbonyl compounds, amino acids and ROS

Our hypothesis was to study the interaction between AA and «-oxoaldehydes
in a honey environment and its contribution to the antiseptic potential of honey.
The 3 dicarbonyl compounds MG, GO and 3-DG are more reactive, compared to
their parent sugars and may form cross-linked products with amino acid groups
of proteins. In addition, MG is also known to form ROS by reacting with AA%. We
used ESR, with DMPO as spin trap to quantify and identify the formation of radicals
by the interaction of dicarbonyl compounds with AA either in the presence of
hydrogen peroxide or in an AH environment. In the presence of H O , MG showed
a clear spectrum consisting of 6 different peaks (Fig. 1A), resembling a typical
DMPO spin-trapped carbon-centered radical. This was supported by the hyperfine
coupling constants, aN = 15.0 + 0.2G and aH = 18.5 + 0.2G, comparable to what was
detected before? and most probably will be DMPO-C(O)-C(O)-CH3 radical®. The
radicals formed by the reaction of MG and Lys (Fig. 1B) without the addition of
H O, showed a multicomponent hyperfine structure that exists from a mixture of
DMPO—C(O)—C(O)—CH3 and the Schiff base cation radical MG dialkylimine obtained
from the reaction between MG and Lys. In contrast, when MG reacted with Arg, a
spectrum (Fig. 1C) was obtained that showed a mixture of most probably again the
DMPO—C(O)—C(O)—CH3 radical (aN = 15.0 + 0.3G and aH = 18.6 + 0.2G) and hydroxyl
radicals (aN =14.6 + 0.3G and aH = 14.7 + 0.4G). When GO reacted with H O, a much
lower radical signal (Fig. 1D) is obtained compared to MG. Again a carbon-centered
radical was detected with slightly different hyperfine coupling constants, aN = 15,4
+0,2G and aH = 20,7 + 0,4G if compared to MG, most likely this is the DMPO-C(O)-
C(O)-CH radical. Since the signal is much lower, reactivity of GO with H O, seems to
be much lower. GO in combination with Lys showed a clear 6 peak spectrum (Fig.
1E), with hyperfine coupling constants of aN =15.9 + 0.3G and aH = 23.5 + 1.0G. Taken
into account the broadness of these peaks, they might reflect different overlapping
signals of carbon-centered radicals. The combination with Arg and GO (Fig. 1F), just
like MG, showed a spectrum consisting of a mixture of a broad carbon-centered
radical (aN = 15.9 + 0.3G and aH = 23.5 + 1.0G) and hydroxyl radicals (aN = 14.6 +
0.3G and aH = 14.7 + 0.4G). 3-DG in the presence of H O, or AA did not show DMPO
trapped radicals, indicating a very low reactivity of 3-DG with H O, and Lys and Arg.
So overall this indicates that regarding the reactivity with H O, MG has a higher
reactivity compared to GO and 3-DG. In combination with the amino acid Lys,
reactivity of GO seems to be increased. This hydroxyl radical lowering effect was
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confirmed in ESR experiments were we analyzed radical formation in the hydroxyl
generating system and the combination of MG with GO, 3-DG, Arg and Lys (Fig. 1G)
or in the combination MG, GO, 3-DG, Arg, Lys with 30% AH (Fig. 1H).

A B
J\[\AWWNMﬁ "“"\'\N\/"\J\N\MNN\/\[VV\/\/\W

C D

MMWW%MMMWW

3460 3470 3480 3490 3500 3510 3520 3460 3470 3480 3490 3500 3510 3520

Fig. 1: ESR spectra for A) MG (6.9 mM) and H,0, (100 uM), hyperfine coupling constants:
aN=15.0 + 0.2G and aH=18.5 + 0.2G (carbon-centered radical) B) MG (200 mM) and Lys (200
mM) C) MG (200 mM) and Arg (100 mM), hyperfine coupling constants aN=15.0 + 0.3G and
aH=18.6 + 0.2G (carbon-centered radical ®) and aN=14.6 + 0.3G and aH=14.7 + 0.4G (hydroxyl
radical ¥) D) GO (6.9 M) and H 0, (100 pM), hyperfine coupling constants: aN=15.4 + 0.2G
and aH=20.7 + 0.4G (carbon-centered radical o) E) GO (200 mM) and Lys (200 mM), hyperfine
coupling constants: aN=15.9 + 0.3G and aH=23.5 + 1,0G (carbon-centered radical) F) GO (200
mM) and Arg (100 mM), hyperfine coupling constants: aN=15.9 + 0.3G and aH=23.5 + 1.0G
(carbon-centered radical o) and aN=14.6 + 0.3G and aH=14.7 + 0.4 (hydroxyl radical ¥ ) G) MG
(200 mM), GO (200 mM), 3-DG (3.82mM), Arg (100 mM) and Lys (200 mM) H) MG, GO, 3-DG,
Arg, Lys (concentrations as in G) with 30% AH.
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to the antiseptic effect of honey

After determining the interactions with H,O, we studied how the combinations

of dicarbonyl compound in different combinations in an AH environment can

contribute to the production of superoxide radicals, which was measured by the

cytochrome C assay. We detected that mainly the combination of MG and GO with

a combination of Lys/Arg led to superoxide radical production (Fig. 2). Interestingly,

the highest superoxide production was measured in a mixture of all different

« -oxaldehydes with AA in a context of AH (25% w/v). A possible reaction of MG

and AA that contribute to Schiff base and superoxide production is shown in Fig. 3.

AA -
MGO - + - -
GO - - + -
3-DG - - - +
AH - - - -

+

=
o 0,03
2]
0,02
N
0 - I . _ —
+ - - + + + + +

+

Fig. 2: Rate of superoxide induced cytochrome c reduction (dAs60/dt) in incubations with
different combinations of dicarbonyl compounds with or without AA (mixture of Lys and Arg).
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Fig. 3. Possible reaction of MG and amino acids, underlying Schiff base and superoxide radical
formation.

Non-peroxide antiseptic effect of honey

We chose peroxide and non-peroxide medical honeys, due to their differences
in radical formation. The antibacterial potential of RH is dependent on it’s
hydrogen peroxide activity, but also low MG content, pH and other antimicrobial
compounds®. Manuka honey deploys it's antiseptic capacity mainly by MG,
but also other unidentified compounds?®. In Manuka honey the non-peroxide
antibacterial activity is directly correlated to it's MG content32. To our knowledge
there is no information about the interaction of GO and 3-DG in the non-peroxide
honey context. We determined the levels of all 3 « -oxaldehydes MG, GO and 3-DG
of all 4 honeys. As expected, the highest concentration of MG was found in Mss0
(497 mg/kg), followed by M3o (132 mg/kg), as shown in Table 1.
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(o -oxaldehydes

Honeys MG (mg/kg) GO (mg/kg) 3-DG (mg/kg)
Msso 4971 (4) 14.5(0.6) 5684 (3.8)
M3o 132.2 (0.2) 14.4 (0.2) 618.0 (6.2)
RH 29.3 (0.1) 27.3 (0.1) 221.6 (11.9)
FH 384 (2.0) 15.9 (0.7) 6873 (4.3)

Table 1: « -oxaldehydes in honey (SD shown in brackets).

The medical and non-medical non-manuka honeys had much lower quantities
of MG (29 and 38 mg/kg respectively). Interestingly, GO content was found to
be similar and low in all 4 honeys, at concentrations ranging from 14-27 mg/kg,
whereas, concentrations of 3-DG were high in Msso, M30 and FH (around 600
mg/kg) and lower in RH (222 mg/kg). The concentration of MG in these honeys
did not correlate to concentrations of GO or 3-DG (R*>=0.2, p=0.5 / R*=0.05, p=0.8
respectively). In addition, we determined the free amino acid concentration in all
honeys. We measured variable concentrations in different honeys (Table 2). In all
honeys, higher concentration were measured for GLU, NVAL and PHE (ranging from
3.2-58.3 mmol/100g) and low concentrations for aAB, MET and TRP (ranging from
0.0-0.81 mmol/100g). The total free amino acid content was 101 (Ms550), 101 (M30),
35 (RH) and 126 mmol/100g (FH), showing a lower concentration of free AA in the
medical non-manuka honey. We were especially interested in the concentrations of
Arg and Lys, due to their possible role in ROS production in the presence of MG*. Arg
concentrations were ranging from 0.4-8.3 mmol/100g and Lys concentrations from
1.7-3.4 mmol/100g. As the total free amino acid content, Arg and Lys concentrations
were both highest in Ms5o and lowest in RH.
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To test our hypothesis that the non-peroxide dependent antiseptic effect of honeys
is mainly caused by « -oxoaldehyde induced ROS, we tested the inhibitory activity
of all different honeys and different « -oxoaldehyde solutions on the bacteria E.
coli, S. aureus and P. aeroginosa. All medical honeys showed inhibitory activity on
all pathogens at concentrations ranging from 3.1-12.5%. Ms50 had highest effect
with a MID of 3.1%. FH was the only honey, not inhibiting the growth of all species
at concentrations of 25%. In order to test the inhibitory effect of « -oxoaldehydes
and AA, we tested solely all « -oxoaldehydes as well as in combination with AA. In
addition we chose a concentration mixture, which was similar to concentrations of
a -oxoaldehydes and AA in manuka honey. MG and GO both showed high inhibitory
activity, and inhibited bacteria at concentrations ranging from 0.6 to 2.5 mM and
1.25-5 mM respectively (Table 3). Because of a maximum stock concentration of
4 mM, the highest possible concentration to test for 3-DG was 2 mM, where we
found no inhibitory activity. Lys/Arg at concentrations of 10 mM neither inhibited
bacterial growth. The MID for AA were ranging from 12.5-25 mM (data not shown).
Contrary to our expectation from ESR and cytochrome C experiments, where we
saw strong (superoxide) radical formation by the addition of AA to GO or MG,
this did not enhance but reduce their inhibitory activity on bacterial growth. The
combination of all 3 «-oxoaldehyde, in an artificial and a honey-like mixture
showed MID of 0.6 mM.
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Minimal inhibitory dilutions

Mixtures (highest conc.) E. coli S.aureus P. aeroginosa
PBS R R R

Arg/Lys (10/10 mM) R R R

MGO (10 mM) 1/16 1/16 1/4

GO (10 mM) 1/8 1/8 1/2

3-DG (2 mM) R R R
{10/10/10.mM) R R R
MGO/Lys/Arg (10/5/5 mM) R R R

010710 1) R R R
GO/Lys/Arg (10/5/5 mM) R R R

3-DG/Lys/Arg
(2/10/10 mM)

3-DG/Lys/Arg (2/1/1 mM) R R R
MGO/GO/3-DG/Lys/Arg

(10/10/2/10/10 MM) 1/4 1/4 1/2
MGO/G0O/3-DG

(10/10/2 mM) 1/32 1/32 1/8
MGO/GO/3-DG/Lys/Arg

(2/0.1/1/0.05/0.05 mM) 1/4 1/4 R
MGO/GO/3-DG

(2/0.1/1 mM) 14 1/4 R
Msso (25%) 14 18 /2
M30 (25%) 1/2 1/4 14
RH (25%) 1/2 1/2 1/2
FH (25%) 1/2 1/2 R

PBS phosphate buffered saline, R resistant

Table 3: Minimal inhibitory dilutions of honeys and different oxaldehyde solutions. Duplicate
measurements were identical.
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Oxidative stress and radical quenching capacity of honey: the double-
edged sword

Asmentioned earlier,in a wound environment honey seems to deploy it’s inhibitory
potential on pathogens mainly by hydrogen peroxide and by «-oxoaldehyde
dependent ROS development?2*The wound healing potential of honey is based on
it’s antibacterial but also antioxidative capacity.

Thiscapacityisbased onsugars,phenoliccompounds, AA*¥and other components?$34.
We showed that oxaldehydes in combination with and without hydrogen peroxide
and AA form different radicals, which contribute to the antiseptic effect of honeys.
Whereas it is known that in chronic wounds not only an antiseptic therapy is
important for the enhancement of healing, but also the addition of a free radical
scavenging substance®. We used ESR to show the radical quenching capacity of
both, manuka and non-manuka honeys on hydroxyl and superoxide radicals.
Hydroxyl radicals were generated by the Fenton reaction (Fe*/ H 0,) and trapped
with the spin-trap DMPO. For hydroxyl radicals, the typical 1:2:2:1 spectrum of
the ESR adduct DMPO-OH was seen. All honey samples were dissolved with pure
water to the final concentrations of 25%,10%, 5% and 1% (w/v) and added to radical
producing agents. The dose dependent quenching of hydroxyl radicals is shown in
Fig. 4a. Superoxide radicals were produced by a non-enzymatic PMS/NADH system.
After trapping with DMPO, initially a DMPO-OOH signal was detected, which was
subsequently converted into a DMPO-OH signal®. The dose dependent quenching
of superoxide radicals is shown in Fig. 4b.
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[a] Hydroxyl radical quenching
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Fig. 4: Radical quenching of (a) hydroxyl and (b) superoxide radicals of different concentration
of peroxide and non-peroxide honeys. Radical formation and quenching was measured
using ESR and DMPO as a spin trap. Statistical differences for 5% honey concentration were
calculated with ANOVA with post-hoc Hochberg correction: (a) [AB, AE, BC, BD, BE, CD, CE <
0.0001; AD, DE < 0.001; AC = NSJ; (b) [AC, AD, BE, CE, DE < 0.05; AB, AE, BC, BD, CD = NS].

It was shown that both manuka honeys (M30, M550) had the highest capacity of
radical quenching for both hydroxyl and superoxide radicals. The lowest quenching
potential was seen in AH. The overall quenching of superoxide radicals was lower,
compared to hydroxyl radicals. High differences in quenching potential are only
seen in low concentrations of honey. At concentrations of > 25%, all honeys are good
radical scavengers. The maximum difference of hydroxyl radical and superoxide
quenching capacity was seen at 5% of honey concentration. Statistical outcomes
are presented in figure legend of Fig. 4.
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The reduction of hydroxyl and superoxide radicals by rising concentrations of
honeys was further accompanied by the increase of a DMPO.-CH3 signal. At the
percentage of 5% honey’s quenching potential of hydroxyl radicals, at which the
maximum difference of quenching potential between honey was seen, was not
correlated to MG content (R2 = 0.08, p = 0.72), total oxaldehyde content (R2 = 0.45,
p = 0.33), or total AA content (R2 = 0.51, p = 0.28). The same quenching potential of
superoxide radicals was also not correlated to MG, total oxaldehyde, or total AA
content.

Discussion

In this study we showed that of the 3 «-oxaldehydes MG, GO and 3-DG, mainly
MG and GO form different radicals in reaction with Lys and Arg in a honey-like
environment, which leads to the production of ROS. All tested peroxide and non-
peroxide honeys show similar inhibitory effects on different strains of bacteria, in
which both MG and GO were shown to be strong antibacterial agents. In addition
non-peroxide honeys turn out to be good free radical scavengers, even at low
concentration.

Honey is a promising antiseptic agent3, with additional wound healing capacities>®
and was Tediscovered’ as a wound healing agent?. In the non-peroxide Manuka
honey, the « -oxaldehyde MG is highly abundant’, and has gained special interest,
due to it’s antibacterial capacity®. It is important to distinguish between peroxide
and non-peroxide honey, because of different radical producing properties. In
peroxide honeys, which are low in MG, dilution leads to an enhanced action of
glucose oxidase, which results in the conversion of D-glucose, water and oxygen
to D-gluconic acid and hydrogen peroxide3®, which is highest at 30% diluted
honey®*. Hydrogen peroxide plays a role in wound healing during inflammation,
angiogenesis and re-epithelialization,3 and generates ROS by the Fenton reaction.
ROS is also produced by cells of the innate immune system as a defense mechanism
against bacteria4®, the same mechanism, which is present in honey.

In non-peroxide honeys, ROS are produced by another, oxaldehyde dependent
mechanism. Reactive « -dicarbonyl compounds are known from sugar-amino acid
model systems#, but can also be found in varying concentrations in different sorts
of honeys#4. Their precursors are Amadori compounds and reducing sugars®.

We showed that all 3 «-oxaldehydes alone do not form any radicals, but under
the influence of H O, both MG and GO form slightly different carbon-centered

272
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radicals. Also MG was more reactive if compared to GO. In the combination with
Lys and Arg, both MG and GO formed different radicals, without the influence of
H,0,.In the reactions of GO with AA, carbon-centered and hydroxyl radicals evolve,
whereas MG seems to forms the Schiff base cation radical MG dialkylimine. This
is very important, because the formed free radical intermediate MG anion radical
could reduce oxygen further to superoxide radicals. It seems that the Schiff bases
formation is an essential step for this cross-linking process®. In this process, it is
also possible that superoxide is formed by the reaction of oxygen and dialkylimine
cation radicals*. We further proved that radical formation of «-oxaldehydes in
combination with AA happens in an environment of different sugars (artificial
honey). Different solutions of oxaldehydes with AA also lead to the net production
of superoxide radicals, and we showed that this production was highest in an
artificial honey environment. This could imply that this is the most important
mechanism for ROS production in medical honeys. Oxaldehydes and amino acids
were processed in media with a pH ranging from 7.0 to 7.4. It was shown that
superoxide is formed by the reaction of MG and amino acids under high pH, but
also physiologic pH conditions®. In addition, a good reactivity was shown for MG
and GO with H O, with a pH of 7.4%. In wound conditions, where honey is added
to wound fluids, an even more acid condition can be expected. In line with other
studies?®3, we showed that honeys contain different quantities of free AA and that
superoxide radicals are formed by oxaldehydes in the presences of Lys or Arg#.

Wetested the minimalinhibitory activity of differenthoneysand « -oxaldehydeand
AA solutions. M550 honey had the highest and FH the lowest inhibitory capacity on
bacterial growth, with MID ranging from 3.1-12.5%. This is in line with other studies,
reporting similar MIDs#46. MG and GO, both inhibited bacterial growth at very low
concentrations, ranging from 0.6 to 2.5 mM and 1.25-5 mM, respectively. Whereas,
against expectations, incubation of bacteria with a combination of different
oxaldehydes and AA did not lead to an enhanced antibacterial effect, compared
to single oxaldehydes alone. It was shown that reactions between oxaldehydes
and amines lead to the production of ROS# and that DNA strand breakage may
be induced by superoxide anions, produced by a MG-amino acid-Fe3* system?. It is
possible that the early interaction and binding of MG or GO to AA inhibits further
interaction with proteins and trace metals with an influence on modification
and fragmentation of proteins®. There is little information about bacterial cell
permeability and cell membrane interaction with cross-link formations as show
in Fig. 3. But it is possible, that extra-cellular radical and Schiff base formation is
less bactericidal, compared to intracellular. This could explain our results. We did
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however not test the interaction of « -oxaldehydes with proteins, which are present
in honey as well#, to study these Maillard reaction products. In addition we show
for the first time that besides MG, also GO could be an important agent in honey
and responsible for radical production and bacterial inhibition and not correlated
to MG content. This shows that besides the endogenous toxicity of GO under
influence of H O, and oxidative stress*, GO from honey can play an important role
in wound healing as well.

We tested the radical quenching capacity, the trapping of free radicals, of different
peroxide and non-peroxide honeys. Both Manuka honeys qualified as very good
radical scavengers for both hydroxyl and superoxide radicals. We could not show
a correlation to free AA, as reported elsewhere? and also not to «-oxaldehydes
content.

In conclusion, we showed that the «-oxoaldehydes MG, GO and 3-DG are present
in varying concentrations in peroxide and non-peroxide honeys. Mainly MG and
GO are responsible for ROS formation, which is dependent on interactions with
hydrogen peroxide or AA. These radicals are also formed in an artificial honey
environment and are responsible for bacterial growth inhibition. Non-peroxide
Manuka honeys also have the highest free radical quenching potential for hydroxyl
and superoxide radicals. Overall the wound healing potential of honey is supported
by the balance between reactive oxygen radicals scavenging and formation, where
« -oxaldehyde/amino acid interactions play an important role. This has to be taken
into account for the selection of medical honey for clinical applications.
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Abstract

Importance: Many patients with an open radical mastoid cavity experience
therapy-resistant otorrhea. Little is known about the underlying histopathological
substrate of unstable cavities and the correlation with treatment failure.

Objective: To study the histopathological and inflammatory features of chronically
discharging openradical mastoid cavities and the influence of different treatments.

Design, setting and participants: This secondary analysis of a randomized clinical
trial was a histopathology study of tissue samples of a cohort of 30 patients with a
chronically discharging open mastoid cavity. Samples were taken from the cavity
of patients, which were treated with either honey gel or conventional eardrops in a
tertiary center between 2012 and 2013. Tissue staining was performed in May 2014;
final computer analysis/correlation studies were performed in June 2016.

Main outcomes and measures: Differences of epithelial tissue coverage, infiltration
of T cells (CD3, CD4, CD8) and macrophage (CD68, isoenzyme nitric oxide synthase,
arginase 1) (sub-)populations, infection status, and the correlation with clinical
presentation.

Results: There were 30 patients (24 [80%] male; mean [SD] age, 59 [14] years).
Cavities were covered with either stratified squamous (keratinized) epithelium (n
= 10), respiratory columnar epithelium (n = 9), or granulation tissue (n = 10). The
presence of respiratory epithelium was associated with lower treatment success
(posttreatment VAS improvement of 3.1 [95% CI, 0.5 to 5.8] for discomfort and 3.6
[95% CI, 0.2 to 6.9] for otorrhea in the group with granulation tissue coverage vs
4.9 [95% CI, 0.2 to 9.6] and 5.8 [95% CI, -0.1 to 11.6] in the group with squamous
[keratinized] epithelium coverage and 14 [95% CI, -1.2 to 4.1] and 2.5 [95% CI,
-1.3 to 6.2] in the group with respiratory columnar epithelium coverage). In all
3 tissue types of cavity-covering tissues, T-cell infiltrates consisted of helper T
cells and cytotoxic T cells, together with a lower number of macrophages. The
immunopositivity for isoenzyme nitric oxide synthase and arginase 1 was high
and not restricted to a macrophage subpopulation, but seen in various cell types.
Inflammatory infiltrations varied strongly in all 3 tissue modalities.
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Conclusions and relevance: Discharging open mastoid cavities can be classified
histologically into 3 different types, based on their coverage: squamous epithelium,
respiratory epithelium, or granulation tissue. Treatment is less successful in cavities
covered with respiratory epithelium, possibly explained by the status of bacterial

infection and local immunological differences.
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Introduction

Canal-wall-down mastoid surgeryis acommon procedure tomanage cholesteatoma
and chronicotitis media* Despite alow rate of recurrence and satisfactory results34,
more than 20% of patients with an open mastoid cavity suffer from intermitted or
continuous otorrhea®é, which is often resistant to therapy’. It seems that a major
problem of unstable cavities is insufficient (re)epithelialization® which is favored by
local conditions, unfavorable cavity shape, and size?* and host factors™ Recently we
presented promising results with the topical treatment of chronically discharging
open mastoid cavities with honey gel, which led to less discomfort, otorrhea,
inflammation and infection than conventional eardrops®. In other wounds, it was
already shown that honey treatment stimulates better wound healing, wound
debridement and epithelialization®. Chronically discharging cavities resemble
chronic wounds by remaining in an uncoordinated, self-sustaining state of
inflammation”. In these wounds, an abundance of pro-inflammatory macrophages
seems to hamper wound progression and healing®. This type of macrophage
outbalances wound-healing macrophages and is stimulated by T-helper 1 cells®.
Honey has an immune-modulatory effect**?, and could contribute to a better
wound healing on this cellular level.

Despite different treatment approaches, little is known about the underlying
histopathological substrate of unstable cavities. Therefore, in this study we present
the histological results of biopsies taken before and after treatment, during a 12-
week clinical study, in which chronically discharging open radical mastoid cavities
were treated with either medical honey or conventional eardrops, as published
elsewhere We aimed to investigate the histopathology of unstable cavities and
their correlation with clinical presentation and treatment response, with a special
focus on pro-inflammatory immune mechanisms by T-cell and macrophage
subsets.
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Methods

Study population

Histological samples were obtained from 30 patients who were enrolled in a clinical
study as previously described™. The study was approved by the ethics committee of
Maastricht University Medical Center and all patients gave their written informed
con- sent prior to the start of the study. Briefly, patients with a chronically infected
open mastoid cavity were recruited from April 2012 until September 2013 in a
single-center,randomized controlled, double-dose trial, conducted at the Maastricht
University Medical Center+, The Netherlands®. After inclusion a swab sample and
a biopsy were taken from the cavity and patients were treated with either Terra-
Cortril Polymyxin B eardrops (hydrocortisone, oxytetracycline, and polymyxin B)
for 1 week, or the medical honey gel NasuMel (Revamil honey mixed with water
and hydroxyethylcellulose). Treatment was repeated after 4 weeks. A second swab
and biopsy was taken at 8 weeks from start, and patients filled in a visual analogue
scale (VAS) about their cavity problems.

Biopsies

The site of biopsy was topically anesthetized with lidocaine 10% for 10 minutes and
a small tissue sample of several millimeters was taken with a Blakesley forceps. The
biopsy was taken from the part of the cavity with macroscopically most signs of
infection, that is, granulation tissue, pus or erythema. When no signs of infections
were present, a random biopsy was taken.

Immunohistochemical staining and evaluation

Tissue specimens were immediately fixed in 4% buffered formaldehyde and
processed by regular histological procedures. Biopsies were paraffin embedded
and sectioned in 4-pm slices. Parallel sections were stained with hematoxilin-
eosin and Periodic acid—Schiff. Tissue sections were scored for extent of epithelial
tissue coverage and presence of inflammation by two independent observers
(CJP-K. and DH). Tissue was obtained from the Maastricht Pathology Tissue
Collection. Collection, storage and use of tissue and patient data were performed
in agreement with the Code for Proper Secondary Use of Human Tissue in the
Netherlands (http://www.federa.org). Sections were also immunohistochemically
stained with monoclonal antibodies defining T cells and macrophages: CD3 (total
T cells), polyclonal rabbit anti-human-CD3 (Dako); CD4 (helper T cells), monoclonal
mouse anti-human-CD4 (Dako); CD8 (cytotoxic T cells), monoclonal mouse anti-
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human-CD8 (Dako); CD68 (macrophages), monoclonal mouse anti-human-CD68
(Dako); isoenzym nitric oxide synthase (iNOS) and Arginase-1 (Arg-1) (wound
healing markers in macrophage subsets), polyclonal rabbit anti-human-iNOS
antibody (Abcam) and polyclonal rabbit anti-human-Arg-1 (provided by P. van Dijk,
Maastricht University, Netherlands), respectively. Computer-assisted color imaging
analysis was performed using the histomorphometry software Leica Qwin, version
3. Macrophage and T-cell content was expressed as percentage of positive cells of
total tissue area.

Statistical analysis

Normally distributed continuous data were compared using the paired t test
and effect size was expressed using Cohen’s d. The exact binomial test in the R
software package® was used to calculate the probability of a positive test result
of microbiological swabs. Mean difference data were reported, including a 95% CL.

Results

Clinical outcome

A previously reported? cohort of 30 patients (24 male) with a mean (SD) age of
59 (14) years was used for this study. Patients had an open cavity for a mean of 19
years (range, 1-57 years), and 8 (27%) had continuous problems with it since they
underwent surgery. Eighteen were treated with honey gel and 12 with eardrops.
Topical honey treatment led to less discomfort and otorrhea (measured by VAS)
and a macroscopically improvement of cavity inflammation, compared with
eardrops®. Of all cavities, 8 (27%) were colonized with Pseudomonas species, 6
(20%) with Staphylococcus aureus and 7 (23%) with other species. The incidence of
pathological bacterial infection was reduced by treatment for 4 (23%) in the honey
group, compared to 3 (30%) in the eardrops group™.

Histopathological analysis of the chronically discharging open mastoid
cavity shows different subtypes

Thirty biopsies were taken before patients were treated with either honey gel or
eardrops. Twenty-nine tissue fragments were available for histological analysis.
Three different types of epithelial tissue coverage were found in the biopsies:
coverage with either stratified squamous (keratinized) epithelium, respiratory
(ciliated) columnar epithelium or granulation tissue without epithelial coverage
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(Fig.1).In 10 patients (34%), tissue fragments were covered with stratified squamous
(keratinized) epithelium, in some with hyperkeratosis. In all these biopsies,
inflammation was present, with mainly lymphoplasmacellular and plasmacytoid
infiltration with neutrophils. In some samples, eosinophils and macrophages were
seen as well.

In 6 patients (21%), tissue was additionally focally lined with (pseudo-stratified)
ciliated columnar epithelium, which was associated with more extensive
inflammatory infiltration including lymphocytes, plasma cells and neutrophils.
In 3 tissue fragments (10%), only ciliated columnar epithelium was present, with
in subepithelial layers fibrosis with prominent active, chronic inflammatory
infiltration, with lymphocytes, polymorphonuclear neutrophils, macrophages and
some eosinophilic granulocytes.

Ten tissue fragments (34.5%) of cavity coverage consisted of granulation tissue
with different degrees of fibrosis and active, chronic inflammatory infiltration
with lymphocytes, eosinophils, polymorphonucelear neutrophils, plasma cells and
occasionally macrophages and giant cells. Inflammation was accompanied with
vascular proliferation in most samples. One tissue sample was damaged and could

not be analyzed.

Fig.1. Photomicrographs of 3 different tissue specimens taken prior to treatment.

Tissue is either covered with stratified (keratinized) epithelium (a), consists of granulation
tissue coverage (b) or is covered with ciliated columnar epithelium (c). Main image in each
panel is original magnification x20; large insets are high-power micrographs showing a 4x
enhancement of the small inset in each panel. Staining is hematoxylin-eosin and periodic
acid-Schiff.

Histological features correlate with reported clinical outcome

Patients filled in a VAS about discomfort and otorrhea before the treatment and 4
weeks after the second treatment (8 weeks later), when the second biopsy was taken.
The histological differences of an unstable cavity seemed to be associated with the
outcome of successful treatment. Patients with a cavity with a (partial) coverage of
granulation tissue or withacoverage of stratified squamous (keratinized) epithelium
prior to treatment showed a much better VAS improvement (treatment response),
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compared with patients with a cavity (partially) covered with respiratory columnar
epithelium (Fig. 2). This response was irrespective of the treatment modality. The
improvement of VAS after treatment was 3.1 (95% CI, 0.5 to 5.8) for discomfort and
3.6 (95% CI, 0.2 to 6.9) for otorrhea in the group with granulation tissue coverage
prior to treatment, compared to respectively, 4.9 (95% CI, 0.2 to 9.6) and 5.8 (95% CI,
-0.1t0 11.6) in the group with squamous (keratinized) epithelium coverage and 1.4
(95% CI,-1.2to 4.1) and 2.5 (95% CI, -1.3 to 6.2) in the group with respiratory columnar
epithelium coverage.

In addition, there was a nonsignificant finding that a microbiological swab sample
that was positive for pathologic bacteria was possibly associated with a cavity
(partially) covered with respiratory epithelium. In patients with (partial) coverage
with granulation tissue a positive swab with pathologic bacteria was found in 50%
(n =5;95% Cl,19%-81%), compared to 60% (n = 6; 95% CI, 26%-88%) in the group with
squamous (keratinized) epithelium coverage and 78% (n = 7; 95% CI, 40%-97%) in
the group of patients with (partial) coverage with respiratory columnar epithelium.
However, no association was seen with gram-positive or gram-negative species.
The (partial) cavity coverage changed considerably after treatment. In 10 patients,
biopsies showed granulation tissue coverage before treatment. After treatment in
this group 4 biopsies changed to squamous (keratinized) epithelium coverage. In the
group in which biopsies consisted of respiratory columnar epithelium coverage (10
patients), this coverage changed to squamous (keratinized) epithelium in 7 patients.
In patients, who had coverage with squamous (keratinized) epithelium prior to
treatment (10 patients), this coverage stayed unchanged in 6 patients and changed
to coverage consisting of granulation tissue in 2 patients (2 patients of this group
were excluded). Thus, regardless of treatment, a high proportion of granulation and
respiratory epithelium coverage altered to coverage with squamous epithelium.
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granulation squamous columnar

complaints

Fig. 2. Patient’s visual analog scale (VAS) of discomfort and otorrhea before and after treatment
in correlation to histology features of biopsy specimens obtained prior to treatment.

The VAS of discomfort and otorrhea was measured before treatment (at the same time the first
biopsy was obtained) and compared with the VAS after treatment (8 weeks later). Characters
indicate effect size (Cohen d): a=0.64; b=0.68; c=1.04; d=1.21; e=0.33; f=0.5. Bars indicate mean,
and error bars, standard deviation.

Immunohistochemical features of the chronically
discharging open mastoid cavity

T-cell and macrophage infiltration

In all 3 epithelial tissue modalities, varying intensities of CD3-positive T cells were
present, mainly in underlying granulation tissue. Subtyping of this population
showed that helper T cells (CD4 positive) and cytotoxic T cells (CD8 positive)
are present in equal numbers within the biopsies. We found no skewing of the
immune response and no specific association of T-cell phenotype within either of
the histological subtypes (Fig. 3). Furthermore, we found relatively low numbers of
macrophages (CD68 positive) in the biopsies (Fig. 3). The positive staining of CD68-
positive macrophages was not associated with histological subtypes, although
there seemed to be a higher abundance of macrophages in areas of fibrosis.
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T-cell and macrophage staining

% cell infiltration / tissue surface

Fig. 3. Tissue-dependent immunopositivity for T cells (CD3), T-cell subtypes (CD3 and CD4),
and macrophages (CD68). Bars indicate mean, and error bars, standard deviation.

iNOS and Arg-1 positivity

A constitutively iNOS immunopositivity was seen diffusely and intensively in
squamous and respiratory epithelium, as well as a moderate to low intensity for
endothelial cells,smooth muscle cells and fibroblasts. Amoderate to strong positivity
was seen for macrophages, without specificity for a macrophage subpopulation
and other immune cells. Overall, Arg-1 expression followed a similar pattern, and
almost seemed to be co-expressed with iNOS in epithelial cells, inflammatory cells
and mesenchymal cells (Fig. 4). Here as well, no specific macrophage subtype (pro-
inflammatory or wound-healing) was identifiable. Because of the strong expression
pattern of both iNOS and Arg-1, we could neither quantitatively discern differences
in expression levels between histological subtypes nor between treatment groups.
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Fig. 4. Photomicrographs of 3 different
tissue specimens. Tissue covered
with stratified squamous epithelium
stained for Arg-1 (a), iNOS (b), CD68
(macrophages) (c) and CD3 (T cells) (d).
Granulation tissue stained for Arg-
1 (e), iNOS (f), macrophages (g) and
T-cells (h). Tissue covered with ciliated
columnar epithelium stained for Arg-1
(i), INOS (j), macrophages (k) and T-cells
(I). Main image in each panel is original
magnification x20; large insets are
high-power micrographs showing a 4x
enhancement of the small inset in each
panel.
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Discussion

In this histopathological study, we show that chronically discharging open mastoid
cavities are (partially) covered with 3 different types of tissue, either stratified
squamous (keratinized) epithelium, respiratory (ciliated) columnar epithelium
or granulation tissue without an epithelial coverage. Treatment of patient with
respiratory epithelium coverage seems to be less successful, likely as a result of
bacterial infection. All 3 types of biopsies with different epithelial coverage show
T-cell infiltration, consisting of more or less equal numbers of helper and cytotoxic
T cells. Also, low numbers of macrophages are present in the 3 tissue types. The
3 types of tissue coverage show a high immunopositivity for iNOS and Arg-1 in
almost all macrophages. Therefore, no indication of macrophage skewing towards
a proinflammatory or anti-inflammatory (wound-healing) phenotype of the
immune response was detected.

Until now, little is known about the underlying histopathological features of an
unstable, chronically discharging radical mastoid cavity. The postoperative and
postinflammatory healing of an open cavity, can only partly be compared with
wound healing elsewhere. In a cavity, skin has to grow on bare bone, a difficult
process*, which is further hindered by a humid environment, exudation, infection
and keratin debris®. Normal wound healing consists of a well-structured process
of inflammation, proliferation and remodeling?, in which reepithelialization is
essential for wound closure. The latter is closely associated with granulation tissue
formation®*. The moist environment of an open cavity favors granulation tissue
growth?, which again interferes with epithelialization®.

We show in this study that the coverage of an unstable open cavity consists of
3 different tissue types, that is, stratified squamous (keratinized) epithelium,
respiratory columnar epithelium and granulation tissue. Importantly, this
histological classification at the moment of clinical interference is associated with
treatment success. A possible explanation for this finding is that granulation tissue
formation and reepithelialization are spatially and temporally closely correlated in
wound healing® and a better treatment response is reasonable. We hypothesize
that respiratory epithelium in contrast followed a process of metaplasia, rather
than normal epithelial differentiation.

Honey and conventional eardrops were both effective in treating unstable cavities,
as shown earlier?. The coverage of unstable cavities changed profoundly as
well. Most cavities that had been covered with granulation tissue or respiratory
epithelium prior to treatment changed to coverage with squamous epithelium
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after treatment. This was regardless of the treatment modality. We noticed baseline
differences in the different sorts of cavity coverage, with more cavities covered
with granulation tissue in the honey group, which was also seen after treatment.
Possible explanations for histological differences that were seen in our study
are the influence of chronic bacterial infection and local immune reactions. The
presence of endotoxins, cell wall products from gram-negative bacteria, has been
shown to lead to a prolongation of wound healing by means of an impairment
of epithelialization?®. We showed earlier that approximately 30% of cavities were
colonized with Pseudomonas species®, which are gram-negative. However, we
could not find a correlation with differences in coverage of the cavity and gram-
negative species, but we found a tendency towards higher swab positivity in the
patient group with respiratory epithelial cavity coverage. Bacterial infection?o3°
and inflammation® cause oxidative stress that impairs fibroblasts and hinders
healing3.

Animportantmolecule duringinflammation,wound healingandreepithelialization
is nitric oxide (NO)®.Isoenzyme nitric oxide synthase synthetizes NO, together with
citrulline from arginine.Isoenzyme nitric oxide synthase competes for this substrate
with another enzyme called arginase, which converts arginine into ornithine and
urea3. Isoenzyme nitric oxide synthase and Arg-1 regulation seems to play an
important role in normal* and altered wound healing*®¥, and the dysregulation
of both may play a key role in impaired wound healing and granulation tissue
formation®. We chose iNOS and Arg-1 as accepted macrophage markers®3739
to differentiate between a classically activated (proinflammatory) and wound
healing subtype. A treatment-dependent switch in subtype populations could be
responsible for wound healing progression®®. Contrary to these expectations, we
observed a high immunopositivity for both, iINOS and Arg-1 in various cell types,
without specificity for macrophages. Other studies showed a high expression for
iNOS in epithelial, endothelial, and smooth muscle cells, as well as macrophages,
fibroblasts and polymorphonuclear neutrophils in wounds®. In infected chronic
wounds, increased Arg-1levels are also found®*. Different sources for this enhanced
expression are reported, as polymorphonuclear neutrophils®, wound margin
keratinocytes3, fibroblasts4® and macrophages?. An altered high iNOS*” and Arg-
13® expression is associated with chronic wound healing conditions. The enhanced
expression of both, iNOS and Arg-1 in non-healing open mastoid cavities indicate
an important role of NO metabolism in this chronic healing problem.

This is very important because different medications are interacting with the NO
metabolism during wound healing. As discussed earlier, honey seems to be an
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effective treatment of unstable cavities. It was shown in different models, that
honey has a positive influence on NO metabolism#, with a net anti-inflammatory
effect*>®. In contrast, there are indications that corticosteroid application has a
negative effect on NO metabolism in the skin#, and during inflammation#. This
knowledge can influence future treatment strategies. In the Netherlands common
treatments of chronically discharging cavities are repeated debridement, gentian
violet application, local cauterization and boric acid powder treatment, which has a
good proven effect in otitis44.

Based on the results of this study it is not possible to advise 1 specific treatment,
but we can argue that coverage of a mastoid cavity with respiratory columnar
epithelium is associated with treatment failure and possibly bacterial infection
and necessitates a long-lasting and more repetitive treatment strategy or even
revision surgery.

Furthermore, novel drugs, such as NO-delivering medications that have a positive
effect on wound healing4¥49, could play an important role in the disturbed NO
metabolism in the nonhealing cavity.

Limitations

To our knowledge, this is the first study that shows the histological differences of
cavity coverage and the underlying immunological substrate in patients with an
active discharging open mastoid cavity. This study is inline with earlier postmortem
studies, which also showed that unstable cavities were predominantly covered
with stratified squamous keratinized epithelium with fibrosis and inflammatory
infiltrate in subepithelial layers. There, coverage with respiratory epithelium was
accompanied with a more intense inflammatory infiltrateses.

Conclusion

In patients with chronically discharging open mastoid cavities, typing of the cavity
coverage is important for treatment expectations. Histologically, 3 different types of
coverage can be discriminated, either stratified squamous (keratinized) epithelium,
respiratory columnar epithelium or granulation tissue. Respiratory columnar
epithelium is associated with treatment failure and with bacterial infection.
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Abstract

Objective: To investigate the efficacy of medical honey as topical treatment of
chronically discharging open mastoid cavities in comparison with conventional
eardrops.

Study design: Single center, prospective, randomized controlled, double-dose trial
of 12 weeks.

Patients and intervention: Twenty-eight patients diagnosed as having a chronically
discharging open mastoid cavity underwent medical honey gel (intervention) or
conventional eardrops (control) treatment. Treatment interventions were repeated
after 4 weeks.

Main outcome measures: Visual analogue scale of ear complaints, cavity
inflammation, and bacterial infection.

Results: Most patients had a cavity with localized granulation. After treatment,
inflammation score decreased in both groups (p < 0.05), with more pronounced
inflammation-free cavities in the honey group. Honey treatment resulted in less
discomfort (p < 0.001) and otorrhea (p < 0.001), even after correction for additional
medication use (p < 0.05, p < 0.01). This decrease was not seen in the control group.
Pain and itching did not change on treatment. Most cavities were infected with
Pseudomonas species and Staphylococcus aureus. After treatment, a 23% increase
of negative culture was seen with honey compared with 30% in the control group
(nonsignificant). No serious adverse reactions were found.

Conclusion: Medical honey gel is a safe alternative treatment option for patients
with a chronically discharging open mastoid cavity and beneficial in reducing
discomfort, otorrhea and inflammation with a bactericidal effect.
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Introduction

The aim of middle ear surgery for chronic otitis media and cholesteatoma is to
create a disease-free and stable ear. The canal wall down technique, with the
formation of an open mastoid cavity, allows complete disease visualization and
is in most patients a single-stage procedure?3. In addition, the recurrence rate is
less than 10% with satisfactory hearing resultst. A major disadvantage of an
open cavity is the need for periodic mastoid cavity cleaning?. More than 20% of
patients with an open mastoid cavity continue to have intermittent or persistent
otorrhea even with regular aural toilet and topical medications. Ear complaints
can persist up to 30 years after surgery®, with a high socioeconomic impact?.
Chronic cavity inflammations are caused by limited self-cleansing, insufficient
aeration, and failure of epithelialization*¢. Histologically, cavity lining consists of
stratified, squamous, keratinizing epithelium with underlying fibrosis, partly with
inflammatory infiltrations. Unstable cavities show many characteristics of chronic
wounds, by remaining in an uncoordinated, self-sustaining state of inflammation?®.
In these wounds, honey was rediscovered as an alternative dressing. Honey
stimulates wound healing, epithelialization, wound debridement and leads to less
malodoro™

No studies are performed so far, to evaluate honey as alternative treatment for
unstable open mastoid cavities. The aim of this study was to investigate the efficacy
of the medical honey product NasuMel (NM) as topical treatment of chronically
discharging open mastoid cavities compared to Terra-Cortril Polymyxine B eardrops
(TC).
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Methods

Objective

The primary objectives of the study were patient visual analogue scale (VAS) of
ear complaints, severity of cavity inflammation, and bacterial infection. Secondary
objectives were need of patients’ revisits and extra treatment in the outpatient
clinic.

Study design

This study was designed as a single center, randomized controlled, double dose
trial conducted at the Maastricht University Medical Center. Randomization was
performed using previously prepared randomly numbered opaque envelopes. The
study was approved by the ethical committee of the Maastricht University Medical
Center in Maastricht (protocol no. 10-04-2011). All procedures were in accordance
with the Helsinki Declaration.

Study medication

NasuMel gel (Bfactory Health Products BV, Rhenen, The Netherlands) contains
more than 85% pure Revamil honey mixed with water and hydroxyethylcellulose.
The gel was delivered in a 5-ml syringe with a sterile cannula for ear application.
Revamil, the source honey of NM, has proven antibacterial capacity®®. Terra-Cortril
Polymyxine B eardrops (Pfizer BV, Capelle a/d Ussel, The Netherlands) contain
hydrocortisone, oxytetracycline, and polymyxin B and are commonly used eardrops
in the Netherlands.

Patients

Thirty patients with an infected open mastoid cavity were recruited from April 2012
until September 2013 in a consecutive manner. Patients ranging between 18 and
8o years were included when suffering from infection of an open mastoid cavity.
Infection was defined as actual otorrhea, signs of discharge on pillow or clothes,
pruritus, feeling of fullness, or signs of infection during otological examination.
Exclusion criteria were other experimental treatments of the ear, chronic intake of
immune modulating agents and/or antibiotics, having an allergy against honey,
and incapacitated patients. All patients gave their written informed consent before
the start of the study.
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Intervention and outcome measures

All patients filled in a VAS about discomfort, otorrhea, pain and itching of their
cavity. Afterwards the physician scored inflammation of the mastoid cavity using
an adapted Merchant score? (Table 1) and took a bacterial swab of the cavity.

Table 1. Adapted Merchant Score

¢) No complaints, no pus, or granulation tissue on examination
1 No otorrhea but subjective feeling of wetness in the ear

2 Otorrhea and otologic exam showing pus

3 Localized granulation tissue/pus

4 Extensive granulation tissue

In every patient, scoring was performed by the same investigator and an otologists,
who were both blinded. In case of disagreement, the score was determined by joint
agreement. Thereafter, patients were randomly allocated to the treatment, either
NM or TC. For TC-treated patients, 3 droplets of TC were applied by the physician
and the patients were instructed to continue the medication 3 times daily for 1
week. Patients were instructed to administer droplets in a lying position, with the
affected ear upward and to remain in this position for about 3 to 5 minutes.

For NM-treated patients, NM was prewarmed to body temperature and injected
until the cavity was completely filled. Afterwards, the cavity was sealed by an
ear tampon, which was removed by the patient after 4 to 5 days. Patients were
scheduled for a second visit after 4 weeks (Visit 2) for scoring and to repeat the
treatment. After 8 weeks (Visit 3), scoring was repeated and again a bacterial swab
was taken. After 12 weeks (Visit 4) patients were seen for the last time for scoring.
All patients were instructed to avoid water contact and manipulation. Patients
were asked to contact the outpatient clinic by phone for questions, adverse events
or complaints of the cavity. In case of complaints as pain or otorrhea, patients were
seen by the principal investigator within 3 days. Then a blinded physician of the
study team decided if the patient needed medical treatment, outside the study
medication protocol.

Statistical analysis
A chi-square test was used to compare binary data. Normal distributed continuous
data were compared using the paired and unpaired t test. Mann-Whitney U test
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was used for unnormalized distributed data. Significance was determined to be at
the confidence level of p < 0.05. Data are presented as mean + standard deviation.

Results

Patient characteristics

A total of 30 patients were enrolled in the study. Eighteen patients were treated
with NM, and 12 patients were treated with TC. Patient baseline characteristics and

differences are shown in Table 2.

Table 2. Means and differences of baseline characteristics

TC group NM group p value
Sex (male:female) 11:1 13:5
Age (y1) 56 (+17) 60 (+12) p=n.s.
Previous ear surgeries 2.0 (+0.9) 2.1 (+1.1) p=n.s.
Years after surgery 19 (+16) 19 (+21) p=n.s.
Days from last ENT visit 75 (x104) 72 (£69) p=n.s.
Treated at last visit (%) 67 67 p=n.s.
Otorrhea (wk)* 39 44 p=n.s.
Ear complaints (mo)* 10 24 p=0.10
Ear medication use (mo)* 3 3 p=n.s.

ENT indicates ear, nose and throat; n.s., nonsignificant.
*Results are expressed as median.

Briefly, 80% of all patients were male and had an open cavity on average for 19
years, ranging from 1 to 57 years. Forty percent of patients had at least 1 revision
surgery. Sixty-three percent of patients had continuous complaints (no more than
6 wk without ear complains) of which 25% continuous complaints since they
underwent surgery. Three patients (two in the TC group) reported to be diagnosed
with diabetes type II of which two were insulin dependent. The number of days
between each scheduled study visit is shown in Fig. 1.
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Fig. 1. Days between study visits.

Two patients in the control group were excluded from analysis because of a delay
between the second visit and the third visit. Three patients in the NM group and
one patient in the TC group were only evaluated until the third study visit because
of a delay of the forth visit.

Primary outcome measures

After Visit 3, patients in the TC group reported a decrease of discomfort, but
not otorrhea (Fig. 2A). On Visit 3 and 4, the NM group experienced a decrease of
discomfort and otorrhea (Fig. 2B). In the TC group, no change in pain was reported,
but a decrease in itching after Visit 4 (Fig. 2C). Baseline VAS of itching was lower in
the NM group. Pain and itching of the NM group did not change during the study
(Fig.2D).
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A B
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Fig. 2. Patients’ VAS of discomfort, otorrhea, itching and pain (*p < 0.05, **p < 0.01, ***p < 0.001).

After correction for additional medication use, a decrease of discomfort and
otorrhea in the NM group can still be found, which was not observed in the TC group.
After correction, no changes were reported in both groups for pain and itching.
Also, inflammation of the cavity was scored. During the baseline measurement,
four patients had a score of 4, 20 patients a score of 3, four patients had a score
of 2, and two patients a score of 1. In both groups, a decrease of inflammation
was seen (Fig. 3). At Visit 4, five patients (36%) of the NM group had a score of less
than 2 (no inflammation) compared with only one patient (11%) of the TC group.
The inflammation score was not correlated to a difference in complaints. Only
discomfort in patients with score 3 was lower (p = 0.02) compared to other groups
(8.3 compared with 12.4,14.4, and 13.8). After correction for additional medication, no
decrease in inflammation was seen in any group.
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Fig, 3. Adapted Merchant score (*p < 0.05,**p < 0.01).

Cavity infection

Before the study and during Visit 3, a bacterial swab was taken from all patients.
In all patients, 27% of cavities were colonized by Pseudomonas species, 20% by
Staphylococcus aureus (S. aureus), 30% with no or nonpathologic species, and the rest
with other species (Table 3). Patients with Pseudomonas aeruginosa (P. aeruginosa),
S. aureus and no or nonpathological colonization report the same VAS of discomfort
(10.0,13.4,9.4), otorrhea (11.7,12.6,10.2), pain (4.6, 5.7, 2.6) and itching (7.8, 6.4, 7.1). Also,
the same inflammation score of 2.8 was reported in all groups. After treatment,
infection was reduced from 80% to 50% (eight to five patients) in the TC group and
from 67% to 44% (12 to eight patients) in the NM group, as seen in Table 3.

Of four patients in the TC group who used additional medication, one patient with
P aeruginosa colonization used cotrimoxazole, one patients with Pseudomonas
fluorescens used amoxicillin with clavulanic acid, one patient with Proteus mirabilis
used ciprofloxacin and the fourth patient with a previous negative swab was
treated with neomycine/polymyxine B eardrops and boronic acid powder. In the
NM group, three patients received additional TC.
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Table 3. Culture of microorganism per patient

Before Treatment (TC Group)

After Treatment (TC Group)

No. Patients

P aeruginosa

P aeruginosa*

P aeruginosa

Aspergillus

P aeruginosa, BHSG

P aeruginosa

P aeruginosa Excluded patient 1
P mirabilis P mirabilis * 1
No path P mirabilis, C freundii* 1
No path Excluded patient 1
S. aureus No path 2
P fluorescens No path* 1
P mirabilis No path 1
No path No path 1
12
Before Treatment (NM Group) After Treatment (NM No. Patients
Group)

P aeruginosa

P aeruginosa

P aeruginosa, S. aureus

P aeruginosa

S. aureus S.aureus 2
S.aureus S.aureus * 1
E. coli Candida™ 1
Nonfermenter S.aureus * 1
E. coli No path 1
Klebsiella oxytoca No path 1
Stenotrophomonas maltophilia No path 1
Aspirgillus No path 1
No path No path 6
18

The culture result is present for every patient at Visit 1 and Visit 3.
BHSG, beta-haemolytic Streptococcus group G; No path, no pathogenic species.

*Patient used additional medication.

Secondary outcome measures

No differences were observed between groups for total number of additional
visits paid on Visit 3 and Visit 4 (p = 0.98 and 0.47, respectively) and for total use
of additional medication (p = 0.60 and 0.52, respectively). Also, no difference was
found for days until additional medication use (p = 0.70). As previously mentioned,
four patients in the TC group and three patients in the NM group received additional
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medication on Visit 3. These patients had a total of five (TC group) and seven (NM
group) additional visits during the whole study period. During and after Visit 3,
two more patients in the TC group and 5 more patients in the NM group received
additional medication and had one (TC group) and four (NM group) additional
visits.

Adverse reaction

Seven patients in the NM group reported temporary irritation or feeling of pressure,
and four patients reported short-term nausea or vertigo. In the TC group, irritation
or feeling of pressure was reported 5 times and short-term nausea or vertigo two
times. No serious adverse reactions with any correlation to medication use or study
participation were reported.

Discussion

This study investigated the treatment effect of medical honey in comparison
to conventional eardrops in chronically discharging open mastoid cavities.
Topical treatment with honey resulted in less discomfort and otorrhea and an
improvement of inflammatory status compared to eardrops. The treatment with
honey did however result in an equal amount of extra medication need and revisits
compared with eardrops.

A high number of patients with an open mastoid cavity suffer from therapy-
resistant chronic discharge™. This causes social limitations and substantial health
care costs by recurrent clinical visits, plethora of topical medications, and recurrent
surgical interventions’. The cavity instability is suspected to be caused by primary
tympanomastoid pathology, unfavorable cavity shape or size, and host factors®.
Antibiotic/steroid eardrops have been proven as an effective treatment of acute
otitis externa*. However, as shown in our study, many patients with an open
mastoid cavity suffer from “resistant otorrhea”, without improvement by chronic
use of eardrops. Besides their desired effect, the use of antibiotics can results in
bacterial resistance, which is seen in nearly half the patients with otitis. In infected
open mastoid cavities an even higher incidence of resistance can be observed®, with
an increase after recurrent antibiotic treatment?®. In addition, in more than 20%
of patients with chronic ear disease®, eardrops can lead to contact allergy, mostly
caused by the components neomycin and framycetin®2, but also corticosteroids.
In our study, we considered honey as an alternative treatment for open cavity
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problems because it is well known that honey serves as an effective alternative
wound dressing?, with only minor adverse events as local pain and irritation in
wound treatment™. Honey has antimicrobial?®?, antioxidative®®*> and immune-
modulatory capacities3*3?, without the disadvantaged of resistance formation.
Currently, we are testing the antioxidative capacity using Trolox Equivalent
Antioxidative Capacity assay and electron spin resonance spectroscopy, which
showed strong reactive oxygen species scavenging activity of NM.

Here, 27% of cavities were colonized with Pseudomonas species, 20% with S. aureus
and 30% with no or nonpathologic species. Fungal species were only found in one
patient. This is in line with other studies, in which chronic colonization was shown
with similar species?34. In this study, NM showed a bactericidal effect, similar to TC.
Bacterial strains of Escherichia coli (E. coli) but not S. aureus or P aeruginosa, were
eradicated. Based on previous results from in vitro studies, we expected a broader
effect of NM. Diluted NM source honey has a strong in vitro bactericidal activity
against E. coli, Pseudomonas and against methicillin-resistant S. aureus’™, even in
the form of biofilms3*. This effect is amongst others attributed to methylglyoxal in
NM*, an important agent against bacterial biofilm3. It is possible that we identified
not all bacteria that are responsible for cavity infection. Using normal swabs, only
a few bacteria in biofilm can be detected’, which are known to be responsible for a
gross of chronic ear infection®.

We could not find a relationship between complaints and colonization. So it seems
that, in a patient with chronic cavity problems, a bacterial swab does not correlate
to severity of complaints or bactericidal findings from in vitro studies.

A major finding in this study is that, after NM treatment, in 36% of patients, no
inflammation was detectable anymore, compared with only 11% in the TC group.
This means that the treatment with honey leads to complete objective absence of
inflammation in a subgroup of patients.

So far, little is known about the histopathology of discharge from open cavities. It
was shown previously that areas of the cavities are covered with ulceration and
inflammatory granulation tissue adjacent to bones, with raised external canal
humidity?°. Mucosal factors that contribute to treatment failure still need to be
investigated. In our study, we could only identify three patients with diabetes
type 2 as an explicit host factor, which can influence the microenvironment and
immune reaction in the cavity.

This is the first clinical study investigating an alternative add-on therapy in
comparison to conventional eardrops for chronically discharging open mastoid
cavities. In a relatively small group size, honey gel showed promising results.
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Because of the decision to compare honey with eardrops, a blinding of patients’
VAS was not possible.

In summary, we show for the first time that topical treatment with a medical
honey gel is an alternative treatment option for patients who suffer from therapy-
resistant chronically discharging open mastoid cavity. NasuMel led to a decrease
in discomfort and otorrhea. Honey is a safe topical treatment agent without
disadvantages of eardrops, such as bacterial resistance or contact allergy. However,
more randomized studies with larger patient groups are needed to confirm our
findings next to the investigation of the exact underlying mechanisms of this
alternative treatment.

Conclusion

The topical use of medical honey is an alternative treatment for patients who
suffer from therapy-resistant discharge from open mastoid cavity. Honey is a safe
treatment agent without the unwanted disadvantages of eardrops and beneficial
in reducing discomfort, otorrhea, and inflammation with a bactericidal effect.
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Chapter 6

Abstract

Eczematous external otitis is a chronic inflammatory disease and often difficult to
treat. Our objective was to investigate the clinical effect and in vitro antibacterial
potential of medical honey eardrops as treatment of eczematous external otitis.
In a prospective study, 15 patients diagnosed with recurrent eczematous external
otitis were treated with medical honey eardrops for 2 weeks. The following clinical
outcomes were evaluated: visual analogue scale of ear complaints, score of eczema,
and eradication of bacterial infection. Furthermore, the antibacterial effect of
honey eardrops against different bacterial strains was tested in vitro. Treatment
resulted in less discomfort and itching and decreased signs of eczema, with high
patient satisfaction and without adverse reactions. Honey eardrops showed a
strong in vitro inhibitory activity against all tested strains, but did not eradicate
Staphylococcus aureus infection in vivo. The results of this preliminary study
indicate a possible role of honey eardrops in eczematous ear disease.
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Introduction

Eczematous external otitis is a chronic inflammatory condition, mainly
characterized by pruritus, erythema, and scaling. Exacerbations can be accompanied
by acute secondary bacterial infections®. Topical corticosteroids are the first choice
for the treatment of this condition® and are mainly used during acute flaress. A
combination with antibiotics is effective for acute suppurative otitis4. Nevertheless,
the prolonged use of steroids and antibiotics has major disadvantages, such as skin
atrophys, sensitization, and contact dermatitis®”. The recurrent use of antibiotic
eardrops can lead to bacterial resistance®. Honey is more often used as alternative
treatment option for different diseases in otorhinolaryngology?. Honey has a
strong antibacterial' and, to a lesser extent, antifungal property” and was found
to be effective in some forms of dermatitis>. The effect of medical honey eardrops
for external auditory canal disease and their bactericidal capacity has not been
studied previously.

The aim of this study was to investigate the applicability and effect of medical
honey eardrops as topical treatment of eczematous external otitis and to study
their bactericidal capacity in vitro.
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Methods

Patient selection

This study was performed at the Maastricht University Medical Center+ and
approved by the ethical committee (protocol number 15-4-248). Patients with
eczematous external otitis who were not treated 2 weeks prior to inclusion were
recruited in a consecutive manner.

Intervention and outcome measures

After inclusion, patients completed a visual analogue scale (VAS; scale 0-10) about
discomfort, otorrhea, pain, and itching of the affected ear. Standardized photos were
taken of the external auditory canal using a rigid o° otoscope, and a bacterial swab
of the ear canal was taken. Patients were instructed to use honey eardrops (Otomel;
Bfactory Health Products BV, Rhenen, the Netherlands) 3 times daily for 2 weeks.
Patients returned after 1 week and again after 2 weeks. During both visits, a new
VAS was completed; photos were taken; and during visit 3, a second bacterial swab
was gathered. In addition, patients were asked to report treatment satisfaction. All
standardized photos were scored by 2 blinded otologists on redness (score, 0-3: 0 =
none, 3 = severe) and scaling (score, 0-3: 0 = none, 3 = severe) and scaling outside the
ear canal (0 = none, 1 = introitus, 2 = concha).

Broth microdilution assay

The bactericidal activity of honey eardrops and acid eardrops with hydrocortisone
1% was compared and assessed against clinical and nonclinical isolates (in a 2-fold
microbroth dilution assay). Strains were incubated overnight, and the minimal
inhibitory dilution was determined as the first dilution at which no growth was
visible.

Statistical analysis
Data was compared with the paired t test. Significance was determined to be at the
confidence level of P < .05,
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Results
Patient characteristics and clinical outcome
Fifteen patients were included in this study and treated with honey eardrops.

Baseline characteristics are shown in Table 1.

Table 1. Baseline characteristics

Male:female, n 12:3

Age,y 63 (46-89)
Complaints, d 30 (7-360)
New patients, % 40
Treated earlier, % 87

Last visit outpatient clinics, d 58 (30-150)
Last treatment, d 60 (30-150)
Recurrent problem, % 87

Results are reported as median (range) unless noted otherwise.

Patients reported a baseline VAS score for discomfort of 5.3 + 3.3 (mean + SD),
which was mainly based on itching (5.5 + 3.8) and, to a lesser extend, otorrhea (1.8
+ 3.0) and pain (2.5 + 3.2). After treatment, VAS scores for discomfort and itching
decreased significantly to 3.6 (P < .01; 95% CI, 0.51-3.03) and 1.8 (P < .01; 95% CI, 1.58-
5.89), respectively (Fig. 1).

Patient's complaints

Complaints

Fig. 1. Visual analog scale (VAS) for discomfort, otorrhea, pain, and itching at baseline (visit 1),
after 1 week (visit 2), and after 2 weeks (visit 3) of treatment. Values are presented as mean +
SD.*P < .05, P <.01)
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Furthermore photos of the meatus, introitus, and concha were scored for redness
and scaling before and after the treatment. The combined score decreased from 4.4
+ 1.7 before treatment to 3.1 + 2.1 after it, which was statistically significant (P = .02,
95% CI, 0.15-2.28). Of all patients, a bacterial swab was taken before the treatment
and at the end of the study. Four patients had an infection with Staphylococcus
aureus (S. aureus) and 1 with Candida parapsilosis. The rest showed colonization
with commensal bacteria. After treatment, the culture changed from commensal
colonization to a negative culture in 4 patients (27%). S. aureus infections were not
eradicated.

Patient satisfaction and adverse reaction

Patients rated the treatment on a nonvalidated 7-point scale (o = very dissatisfied, 6
= extremely satisfied). Ten patients were very satisfied (score, 5); 4 patients, satisfied
to moderately satisfied; and 1 patient, not satisfied (score, 2). No adverse reactions
with any correlation to medication use or study participation were reported.

Antibacterial activity of honey eardrops

We tested the inhibitory activity of honey eardrops on different resistant and
nonresistant pathogens, in comparison with acid eardrops with hydrocortisone
1%. Honey eardrops showed a high inhibitory activity, inhibiting bacteria at
concentrations ranging from 3% to 12.5%, which was comparable to acid eardrops
(Table 2) and independent of bacterial resistance.
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Table 2. MIDs of honey eardrops vs acid eardrops with hydrocortisone 1%

MID Otomel Acid-drops

ATCC number Strain 1 2" 1 2"

29213 S. aureus 1/8-1/16  1/8-1/16  1/8-1/16  1/8-1/16

14990 S. epidermidis 1/8 1/8 1/8 1/16

27853 P aeroginosa 1/8 1/8 1/16 1/16

25922 E .coli 1/8 1/8 1/16 1/16

MID Otomel Acid-drops Strain type
isolate strain 1 2* 1 2*

1 CNST 1/16 1/16 1/16 1/16 R

2 CNST 1/8 1/8 1/16 1/16 S

1 E. coli 1/4 1/4 1/16 1/16 R

2 E. coli 1/8 1/8 1/16 1/16 S

1 P aeroginosa 1/8 1/8 1/16 1/16 S

2 P aeroginosa 1/16 1/16 1/32 1/32 R

1 S. aureus 1/8 1/8 1/16 1/16 MRSA
2 S. aureus 1/16 1/16 1/16 1/16 R

3 S. aureus 1/8 1/8 1/16 1/16 S

1 S. pneumoniae 1/32 1/32 1/32 1/32 S

2 S. pneumoniae 1/32 1/32 1/64 1/64 R

Abbreviations: ATCC, American Type Culture Collection; CNST, Coagulase-negative
staphylococci; E. coli, Escherichia coli; MRSA, methicillin-resistant S. aureus; MID, minimum
inhibitory dilution; P aeroginosa, Pseudomonas aeruginosa; R, resistant; S, susceptible; S.
aureus, Staphylococcus aureus; S. pneumoniae, Streptococcus pneumoniae. *Duplicate

109



Chapter 6

Discussion and conclusion

The pathophysiology of eczema involves a malfunction of the skin barrier4.
Disadvantage of common topical preparations are skin atrophys, sensitization®”
and bacterial resistance®. Honey mixture was an effective treatment in different
types of dermatitis»» and effective in animal external otitis and pruritus, without
undesirable side effects.

In our study, honey eardrops reduced discomfort and mainly pruritus. We found a
high in vitro inhibitory activity of honey droplets, with strong efficiency against all
strains. However, honey treatment could not eradicate S. aureus infections in vivo
and led only to less commensal colonization. The poor eradication of S. aureus is in
line with other studies”, possibly by growth within hair follicles®® and redistribution
from deeper skin layers®. This study was designed as a proof-of-concept study, with
limitations including a small study size and the lack of a control group.

We showed that honey eardrops have a possible role in the treatment of eczematous
ear disease, by reducing complaints and clinical signs of eczema and by a strong in
vitro inhibitory activity against bacteria. This clears the way for further randomized
studies.
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Chapter 7

The objectives of this thesis were to investigate the clinical applicability of medical
grade honey in 2 different chronic ear conditions and to explore the underlying
mechanism of the wound healing effect of honey. Prior to the planning and
conduction of our clinical work, no studies existed, which described medical honey
as a topical treatment in conditions of the external ear canal and its vicinity. We
started our work with a literature review, to summarize the therapeutic efficacy
and applicability of honey and other beehive products in otorhinolaryngology. By
systematically evaluating 36 human studies, we showed that honey could play
a role in the treatment of mucositis, childhood cough, persistent post-infectious
cough, post-tonsillectomy wound healing and the prevention of otitis media.
In addition, propolis was shown to be beneficial in the treatment of (aphtous)
stomatitis and mouth ulcers, and royal jelly reduced mucositis.

Inspired by this therapeutic potential of honey, we performed 2 clinical studies
to investigate the applicability and potential underlying mechanisms of medical
honey in patients suffering from eczematous external otitis or a discharging open
mastoid cavity. This research was accompanied by a histopathology study, focusing
on the origin of chronically discharging cavities. In vitro studies were performed
as well to investigate the underlying antibacterial and antioxidative potential of
honey to get more insight into the potential underlying mechanisms of the wound
healing capacity of medicinal honey. In the following paragraphs obtained results
are summarized and put into perspective.

Wound healing potential of medical honey

The wound healing potential of medical honey is based on antiseptic, antioxidative,
immunemodulatory and wound cleaning properties. In chapter 3 and 6 the
antibacterial activity of Revamil (the source honey of the honey eardrops Otomel
and the honey gel Nasumel) and honey eardrops was examined. At 12.5%, the source
honey inhibited the growth of E. coli, S. aureus and P. aeroginosa. Honey eardrops
had an inhibitory activity on different resistant and nonresistant pathogens at
concentrations ranging from 3% to 12.5%. In both clinical studies (chapter 5 and
6) we showed that in eczematous external otitis the pathogens S. aureus and in
open mastoid cavities the pathogens P aeroginosa and S. aureus predominate.
Interestingly, in both clinical studies the in vivo eradication of especially S. aureus,
but also P aeroginosa was less effective, as expected from in vitro outcomes. It is
known that antibacterial properties of the source honey of honey eardrops and gel
is based on a high accumulation of hydrogen peroxide upon dilution, the cationic
compound bee defensin-1 and a low pH of about 3.5 In chapter 3, we demonstrated
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that this source honey contains the «-oxaldehydes MG, GO and 3-DG and free
amino acids. In our experiments, MG and GO both formed different (carbon
centered) radicals in reaction with amino acids and/or hydrogen peroxide, which
are both present in this honey. This proves that besides an important peroxide
dependent antiseptic effect, also a mixed and non-peroxide antiseptic effect is
present in this type of honey. In addition, we showed that non-peroxide (Manuka)
honeys have much higher concentrations of MG, which seems to be the most
important antibacterial factor in this kind of honey by forming different radicals.
In the in vitro work it was shown that one of the most important characteristics
of honey is based on the formation of reactive oxygen radicals. Whereas another
important property of honey is the quenching of radicals, especially important
in chronic wounds® All medical honeys had a strong antioxidative capacity
against the highly reactive hydroxyl and superoxide radicals, both present during
inflammation in wounds?.

Applicability of medical honey in chronic ear conditions

In 2 clinical studies, we investigated the applicability of medical honey in patients
with chronic ear conditions. In the first study (chapter 5), the treatment of patients
with a chronically infected open mastoid cavity with medical honey gel led to less
discomfort, otorrhea and inflammation and reduced bacterial infection. In this
study honey was compared to conventional eardrops and offered a fair treatment
alternative. It was shown in a histopathology study in chapter 4 that the treatment
success of both treatments was dependent on sort of tissue coverage of the cavity.
Cavities were covered either with stratified squamous (keratinized) epithelium,
respiratory columnar epithelium or granulation tissue. When covered with
respiratory epithelium healing was shown to be less likely.

In the second clinical study (chapter 6), patients with eczematous external otitis
were treated with medical honey eardrops. This led to a reduction of discomfort,
itching and signs of eczema and a high patient satisfaction.

In otorhinolaryngology, honey is mainly used to treat (chronic) mucosal
inflammatory conditions, as shown in chapter 2. In conditions of the oral mucosa,
honey positively influenced onset, healing-time and pain, with a reduction of
candida and bacterial infection.In addition, honey had a positive effect during acute
inflammation of pharyngeal and laryngeal mucosa. In chapter 4 it was presented
that in all tissue biopsies of open mastoid cavities inflammatory infiltrations
were present, consisting of amongst others lymphocytes and plasma cells. An
important finding of this study is that lesions in progression towards a ‘mucosa-
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like’ (respiratory (ciliated) columnar) epithelium are more susceptible to infection
and less prone to healing. In all these acute or chronic inflammatory (mucosal)
conditions, oxidative stress is an important factor during healing and progression to
chronicity?3. Also in the pathogenesis of eczematous disease, oxidative stress seems
to be a key factors. We proved in chapter 3 that medical honey is an appropriate
scavenger of different reactive oxygen radicals, which perpetuate non-healing
wounds?. This effect, together with the known immunemodulatory potential of
medical honey can explain the therapeutic potential, as observed in both clinical
studies in chapter 5 and 6.

Besides these active wound healing potential, medical honey has another, quite
important quality: the absence of undesirable adverse events. ‘Common’ therapies
in otology have several unwanted side effects. The application of corticosteroids
can cause permanent skin atrophys and other skin reactions®. In addition, various
components of topical preparations lead to sensitization’® and contact allergy? and
the recurrent use of antibiotic eardrops leads to bacterial resistance™™.

In the narrative review (chapter 2) and both clinical studies (chapter 5 and 6), only
mild adverse reactions in a low percentage of patients were reported, which only
consisted of mild itching (when applied locally).

Conclusion and future perspective

In summary, in this thesis we showed that medical honey can play an important
role in the treatment of the chronic ear conditions discharging open mastoid cavity
and eczematous external otitis. In addition we proved that the wound healing
capacity of medical honey is based on a strong antiseptic capacity, partly due to the
interaction of « -oxaldehydes, hydrogen peroxide and amino acids, and scavenging
capacity of free oxygen radicals. Importantly, the wound healing characteristics of
medical honey were not accompanied by undesired side effect.

Nowadays, medical professional face the problem of a missing diversity and
the lack of extension of pharmaceuticals. Unless revolutionary progression in
biomedical science, most otolaryngologists still use boric acid powder and gentian
violet for the treatment of discharging open mastoid cavities, both remedies that
are already used for decades. Nowadays, the developmental path of a medical
product is increasingly expensive, challenging and inefficient, which leads to a
decline in new drug registration and an increase in product costs®. Especially in
the development of new antibiotic agents the pharmaceutical industry has faced
economic and regulatory obstacles®.

In this thesis it was shown that rediscovering’ a known remedy can contribute

118



Summary and general discussion

to the solution of this problem. The modification of medical (source) honey to
droplets or gel can further extent the area of application in otorhinolaryngology.
Importantly, the differences of the floral source of honeys lead to significant
differences in the phytochemical profile of honeys'. For further development and
comparison of studies, standardization is unavoidable. At the moment not only 2
different families of honey, but also numberless unique honeys are used in in vitro
work and clinical studies.

Based on this broad diversity of natural honeys with all unique compositions, it is
impossible to advise a single honey product. Restrictions of this diversity and good
transnational agreements by special task forces could enhance and broaden the
future use of medical honey.
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Samenvatting (Dutch)

Samenvatting (Dutch)

Twee chronische aandoeningen van het oor zijn enerzijds eczeem van de
gehoorgang en anderzijds de chronisch ontstoken radicaalholte. Beide
aandoeningen kunnen moeilijk behandelbaar zijn en een chronisch en recidiverend
beloop hebben. De veelal standaard toegepaste behandeling tijdens een actieve
ontstekingsfase bestaat uit het toedienen van oordruppels met corticosteroiden
met of zonder antibiotica. Helaas brengt deze vorm van behandeling vaak nadelige
gevolgen met zich mee, zoals contactallergie en de vorming van resistente bacterién
inhet oor.

Medische honing staat van oudsher bekend als middel voor wondgenezing met
weinig bijwerkingen en zou een alternatieve behandeloptie kunnen bieden.

Dit proefschrift beschrijft de resultaten van een literatuur studie, twee klinische
studies, een histopathologie studie en laboratorium onderzoeken, met als doel
de therapeutische toepasbaarheid van medische honing bij de behandeling van
chronische oorontstekingen te onderzoeken.

Binnen de KNO heelkunde wordt (medische) honing frequent als
behandelingsmethode van een brede scala van aandoeningen toegepast. In de
literatuur studie (hoofdstuk 2) laten 36 studies zien, dat honing een genezende
werking heeft op mucositis, bij hoesten van kinderen en hoesten als gevolg
van een bovenste luchtweginfectie, dat het tevens de wond genezing na een
keelamandeloperatie bevorderd en dat het ontstaan van een middenoor ontsteking
hiermee voorkomen kan worden. Verder bleek dat andere producten van de
honingbij, zoals propolis en royal jelly, ook een genezende werking lijken te hebben
bij met name mondaften en mucositis.

Dit proefschrift beschrijft verder 2 klinische studies. Patiénten gediagnosticeerd
met een chronisch ontstoken radicaalholte, werden behandeld met een
honinggel (Nasumel) (hoofdstuk 5) en patiénten gediagnosticeerd met chronisch
ooreczeem werden behandeld met honing oordruppels (Otomel) (hoofdstuk 6).
In de gerandomiseerde klinische studie in hoofdstuk 5 werden patiénten met
een chronisch ontstoken radicaalholte 2 keer binnen 8 weken met honinggel
behandeld. Deze behandeling werd vergeleken met conventionele oordruppels. De
honingbehandeling resulteerde in minder ontsteking, minder ongemak en tevens
minder looporen. Ook de aantal actieve infecties daalde. Deze klinische studie
werd aangevuld door een histopathologische studie (hoofdstuk 4) om inzicht te
krijgen in de onderliggende pathologische mechanismen van een ontstoken holte.

121



Chapter 7

Resultaten lieten zien dat een ontstoken holte uit 3 verschillen soorten bekleding
bestaat. De bekleding bestond deels uit meerlagig, afgeplat verhoornd epitheel,
cilindrisch, trilhaar dragend epitheel of granulatie weefsel zonder epitheliale
bekleding. De behandeling sloeg het minste aan bij patiénten met cilindrisch
epitheel in de radicaalholte, waarschijnlijk door de samenstelling van immuun
cellen in het onderliggende weefsel en een verhoogde vatbaarheid voor infecties.
Een biopsie van een ontstoken holte kan dus een toegevoegde waarde bieden in de
keuze van de behandelstrategie.

In de tweede klinische studie welke gepresenteerd wordt in hoofdstuk 6, werden
patiénten met chronisch ooreczeem behandeld met honing oordruppels. Deze
patiénten waren zeer tevreden met de behandeling en ongemak van het oor en
klachten van jeuk namen na 2 weken af. Bij patiénten met een chronisch ooreczeem
werd vaak een infectie met S. aureus aangetroffen, terwijl bij patiénten met een
ontstoken radicaalholte vaak de S. aureus of P. aeroginosa uit de kweek aangetoond
werden.

De (oppervlakkige) behandeling met medische honing bleek in beide klinische
studies als zowel voortkomend uit de literatuurstudie, enkel in sporadische gevallen
een zeer milde lokale irritatie als bijwerking te hebben.

Naast de klinische werking werd de potentiéle mechanistische werking van
medische honing onderzocht. De antibacteriéle werking van verschillen soorten
medische honing werd getest, waaronder de honing Revamil (basishoning van het
honinggel Nasumel en de honing oordruppels Otomel) en de honing oordruppels.
Revamil remde de groei van de bacterién Escherichia coli, S. aureus en P. aeroginosa
bij 12,5% volledig. Honing oordruppels met concentraties van 3% tot 12,5% lieten
deze werking tevens bij vele andere (resistente) soorten bacterién zien.

Verder werd er onderzoek uitgevoerd om het onderliggende mechanisme van deze
antibacteriéle werking in kaart te brengen (hoofdstuk 3). Er werd aangetoond, dat
2 soorten medische honing, namelijk honing met en zonder peroxide werking,
verschillende concentraties van de «-oxaldehyden methylglyoxal (MG), glyoxal
(GO) en 3-deoxyglucoson (3-DG) bevatten, alsook verschillende hoeveelheden vrije
aminozuren. MG en GO kunnen makkelijk vrije radicalen vormen door reactie aan
te gaan met waterstof peroxide en/of de aminozuren lysine en arginine. Resultaten
lieten zien dat MG en GO een zeer sterk remmende werking hebben op de groei
van bacterién. Hoofdstuk 3 toont tevens de belangrijke bevinding dat beide soorten
honing naast de MG en GO geinduceerde, radicalen-afhankelijke antibacteriéle
werking, juist ook zuurstofradicalen kunnen wegvangen. Wij lieten zien dat de
medische honing werkt als een sterke ‘scavenger’ van de hydroxyl- en superoxide
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Samenvatting (Dutch)

radicalen. Deze beide soorten radicalen komen veel in chronische wonden voor,
zorgen voor oxidatieve stress en een vertraging van de wondgenezing.

Kortom, dit proefschrift laat zien dat medische honing een potentiele rol kan
spelen bij de behandeling van chronisch ooreczeem en de chronisch ontstoken
radicaalholte. De onderliggende wond genezende eigenschappen komen door een
antibacteriéle werking, deels gebaseerd op radicaalvorming met «-oxaldehyden,
maar juist ook het wegvangen van zuurstofradicalen.
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Zusammenfassung (German)

In der Otologie sind mehrere Krankheitsbilder bekannt, die einen chronischen
oder chronisch-rezidivierenden Charakter haben. Dazu gehoéren das chronische
Gehorgangekzem und die chronisch entziindete offene Mastoidhohle. Das
Schwierige bei diesen otologischen Erkrankungen ist die oft andauernde und
erfolgslose Behandlung mit verschiedenen lokalen Medikationen.

Honig mit seiner einzigartigen Zusammensetzung ist das alteste bekannte
Wundheilmittel, und kénnte eine gute alternative Behandlung darstellen.

In der vorliegenden Promotionsschrift werden die Resultate von einer
Literaturstudie, zwei klinischen Studien, einer histopathologischen Studie und
experimentellen Untersuchungen prasentiertund evaluiert, mit dem gemeinsamen
Ziel, die therapeutische Wirkung von medizinischem Honig bei der Behandlung
von chronischen Ohrinfektionen zu erforschen.

Am Anfang der Arbeit zeigen wir anhand einer Literaturzusammenfassung
(Kapitel 2) von 36 humanen Studien, dass medizinischer Honig und die der Biene
entstammenden Produkte Propolis und Royal Jelly, bei mehreren Erkrankungen im
HNO Bereich bereits angewendet wurden. Honig erzeugte eine heilende Wirkung
bei Mukositis, kindlichem Husten, Husten nach Rachenentziindung, sowie nach
Rachenmandeloperationen und kann das Auftreten von Mittelohrentzindungen
reduzieren. Propolis und Royal Jelly zeigten eine therapeutische Wirkung bei
Aphten und Mucositis.

Basierend auf diesen Ergebnissen wurde die Wirkung von medizinischem Honig-
Gel bei Patienten mit einer chronisch entziindeten offenen Mastoidhohle getestet.
Kapitel 5 beschreibt die Resultate einer prospektiven, randomisierten Studie, in
der Patienten mit Honig-Gel oder konventionellen Lokaltherapeutika (Antibiotika/
Kortikosteroid Ohrtropfen) behandelt wurden. Nach der Behandlung mit Honig
hatten Patienten weniger Beschwerden und Otorrhoe, ebenso eine Verminderung
der Entzindung und der Infektionen ihrer offenen Mastoidhohle. Diese klinische
Studie wurde erganzt durch eine histopathologische Studie (Kapitel 4). Aufgrund
von Biopsien von entziindeten offenen Mastoidhohlen, wurde festgestellt,
dass die Auskleidung einer solchen Hohle (partiell) aus 3 verschiedenen Typen
bestehen kann, namlich verhornendem Plattenepithel, kubischem (Flimmer-)
Epithel oder Granulationsgewebe ohne Epithelbekleidung. Interessanterweise
konnten wir hierbei nachweisen, dass eine (partielle) Bekleidung mit kubischem
(Flimmer-) Epithel die Prognose einer Genesung verschlechtert, unabhingig
von der Behandlungsstrategie. Wahrscheinlich sind hierfiir eine hohere
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Infektionsanfalligkeit dieses Gewebes und Unterschiede in der Zusammensetzung
von Immunzellen in tiefergelegenen Gewebsschichten verantwortlich.

In einer weiteren klinische Studie (Kapitel 6) wurden Patienten mit chronischem
Ohrekzem tber 2 Wochen mit Honig-Ohrentropfen behandelt. Die Patienten waren
mit der Therapie sehr zufrieden, subjektive Beschwerden wie Juckreiz nahmen
ab. Als Mikroorganismus wurde bei Patienten mit Ohrekzem hauptsachlich
Staphylococcus aureus angetroffen, wohingegen die meisten Mastoidhohlen mit
Pseudomonas oder Staphylococcus aureus infiziert waren.

Neben den klinischen Studien wurden auch experimentelle Untersuchungen
und Aktivitatsbestimmungen von verschiedenen Honigsorten gegen ein breites
Mikroorganismenspektrum durchgefiihrt. In Kapitel 3 und 6 wird erlautert, dass
der Honig Revamil (Basishonig fiir das Honig-Gel und die Honig-Ohrentropfen)
eine antiseptische Wirkung bei einer Konzentration von 12,5% erreicht, und das
Wachstum der Stamme Escherichia coli, Staphylococcus aureus und Pseudomonas
aeroginosa vollstandig hemmt. Honig-Ohrentropfen erreichten eine vergleichbare
Wirkung gegen ein breites (resistentes) Mikroorganismenspektrum bei
Konzentrationen von 3% bis 12.5%.

In Kapitel 3 wurde der Frage nachgegangen, wie ein Teil dieser antiseptischen
Wirkung zu erklaren ist. Wir konnten bestimmen, dass Honigsorten der Peroxide-
und Nicht-Peroxide-Gruppe verschiedene Konzentrationen der o-Oxaldehyde
Methylglyoxal (MG), Glyoxal (GO) und 3-Deoxyglucoson beinhalten kénnen,
sowie unterschiedliche Mengen von freien Aminosauren. MG und GO kénnen
mehrere Radikale mit Wasserstoffperoxid und/oder den Aminosauren Lysin und
Arginin bilden. Des Weiteren haben diese beiden «-Oxaldehyde eine sehr starke
antiseptische Eigenschaft. Neben der teilweise auf Radikalbildung basierenden
antiseptischen Wirkung, konnten wir interessanter Weise auch eine antioxidative
Wirkung, also eine Radikalfdngerfunktion, bei allen medizinische Honigsorten
feststellen. Diese Eigenschaft wurde an Hydroxyl- und Superoxid-Radikalen
getestet. Beide Radikale spielen eine wichtige Rolle bei der Persistenz von
chronischen Wunden durch oxidativen Stress.

Zusammenfassend wurde in dieser Promotionsschrift erwiesen, dass
medizinischer Honig einen wertvollen Beitrag bei der Behandlung des chronischen
Ohrekzems und der chronisch entziindeten offenen Mastoidhdhle leisten kann.
Ein Teil der therapeutischen Eigenschaft von medizinischem Honig basiert auf
der Wechselwirkung von antiseptischen Eigenschaften durch die Bildung von
Radikalen und der Verminderung von oxidativen Stress durch das Einfangen von
Radikalen.
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Valorisation

Relevance

Most physicians have to deal with the prevention and treatment of infections and
inflammations. The annual incidence of infection of the outer ear canal (external
otitis) is about 1% of the population of the general practitioner' and up to 10% at the
otolaryngologist® Chronic ear infection, due to an underlying condition, as eczema
or after ear operations, have a high socioeconomic impact and cause significant
health care costs?. In this patient group, the chronic or recurrent treatment with
antibiotics causes an additional problem, which is bacterial resistance. The increase
of bacterial resistance, together with a decrease in the development of new
antibiotic agents, illustrated the need for new antiseptic strategies, as mentioned
earlier.

This thesis focuses on the use of the antiseptic agent honey, and it’s clinical
relevance for patients with chronic ear infections. The refinement of medical
honey for clinical use does not only offer a new treatment for patients with chronic
ear infections, but additionally contributes to the important development of new
alternatives in the fight against bacterial resistance.

The results of this thesis offer an overview of the clinical applicability of medical
honey in otorhinolaryngology, provide insights in properties and working
mechanisms of different sorts of honey, and prove safety and effectiveness of
honey treatment in patients with chronic ear infections.

Target population

The results of this thesis are relevant for health care professionals, patients, as well
as companies interested in drug research and development. Both clinical, and the
histopathology study show for the first time, that honey can be used as a treatment
in chronic ear infections. This is very important for care professionals and patients.
For patients with chronic ear eczema or a chronically infected open mastoid cavity,
this treatment offers a new safe strategy, which can be used after the failure of
other therapies or as an additional treatment without disadvantages known from
‘conventional’ treatments. Health care professionals are offered a whole new
antiseptic strategy. Medical honey and honey droplets are available to buy and
ready to use.

In addition, the results of this thesis can be important for companies (profit and
non-profit), who are involved in the development and refinement of antiseptic
agents. We provide additional information on possible working mechanisms of
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different sorts of honey, but also present an overview of a broad applicability (in
our review) and show the additional option of safe use in ear infection in the form
of a gel and droplets.

Products

In this thesis we focused on three different products. Medical honey in its
source form, honey gel, and honey droplets. To understand underlying working
mechanisms, it was chosen to investigate the antiseptic effects and antioxidative
potential of peroxide (Revamil) and non-peroxide (Manuka) medical source honeys.
For clinical use honey was also tested in droplet (Otomel) and gel (Nasumel) form.

Innovation, realisation and costs

In the systematic review, which is provided in this thesis, it was shown that there
is no scientific literature about the use of medical honey as a topical treatment in
ear infection. The clinical studies, which are presented in this thesis, are the first
showing usefulness and safety of honey in these conditions. All products are
already available, ready to use, with a simple applicability. We proved that honey
droplets and honey gel are safe, with only minor adverse events. The costs of both,
honey eardrops and honey gel, are low and comparable to common eardrops used
for ear infections.
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