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Abstract There has been a renaissance in recent times in the use of honey, an ancient and traditional wound dressing,

for the treatment of wounds, burns, and skin ulcers. In the past decade there have been many reports of case
studies, experiments using animal models, and randomized controlled clinical trials that provide a large body
of very convincing evidence for its effectiveness, and biomedical research that explains how honey produces

such good results.

Asadressing on wounds, honey provides amoist healing environment, rapidly clearsinfection, deodorizes,
and reduces inflammation, edema, and exudation. Also, it increases the rate of healing by stimulation of an-
giogenesis, granulation, and epithelialization, making skin grafting unnecessary and giving excellent cosmetic

results.

1. Background

In 1989, an editorial in the Journal of the Royal Society of
Medicinel!]l noted the renaissance of the use of honey in wound
treatment, and expressed the opinion that ‘ Thetime hasnow come
for conventional medicine to lift the blinds off this ‘traditional
remedy’ and giveititsduerecognition.” Honey isthemost ancient
wound dressing known,[23] and it has continued to be used
throughout the ages. Dioscorided (c.50 AD) wrote of honey being
‘good for sunburn’ and ‘for al rotten and hollow ulcers’, and its
usage has continued into present-day folk-medicine. It isused as
a traditional therapy in Ghana for infected leg ulcers,!®! and in
Mali for the topical treatment of measles and to prevent corneal
scarring from meas! es.[8]

Although there is an increasing interest in * alternative med-
icine’, particularly as a result of the mounting problem of anti-
bacterial resistance in bacteria, there is a tendency in modern
medicine for traditional treatments to be dismissed without due
consideration. An editorial in Archives of Internal Medicine as-

signed honey to the category of ‘worthless but harmless sub-
stances' .[71 Other editorials have shown alack of awarenessof the
research that has demonstrated the rational explanations for the
therapeutic effects of honey.[89 This article has been written to
bring to attention the many reports of case studies, experiments
on animal models, randomized controlled clinical trials, and |ab-
oratory research that provide a large body of very convincing
evidence for the effectiveness of honey in the treatment of
wounds, ulcers, and burns. This article also outlines how honey
can be used to good effect in clinical practice.

2. The Effectiveness of Honey in Wound Treatment

There are many reportsin the clinical literature of honey being
used with successin the treatment of awide range of wounds: the
types of wound are shownintablel. Commonly reported features
observed when honey is used are the rapid clearance of bacteria
from colonized and infected wounds,[10-1315-18.21,.31.37] the rapid
removal of malodour from wounds,[11:13:21,23.24.31.32] gnd the de-
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Table I. Types of wounds on which honey has been used successfully

Infected wounds arising from trauma*®*# and surgery, 1121519

including:
amputation wounds?”
vulvectomy woundst116:17:19]
burst abdominal wounds following Cesarean delivery!

donor sites from split-thickness skin grafting[zz]
Burns[213:23-30]

Skin lesions from menigococcal septicemia
Fournier’s gangrene[13'3l'32]
Pressure sores!1320:27:331
Skin ulcers!*®27:34 including:

leg ulcers!14391

varicose ulcersi*417:3¢)

diabetic ulcerstt31434

tropical ulcers!*®

foot ulcers in patients with leprosy

sickle cell ulcers!™®!

malignant ulcers™®

[21]

[22]

[34]

briding effect, which painlessly lifts off slough and necrotic tis-
sue, making surgical debridement unnecessary.[13.17.20,23-25,31,32]
Other notable features of honey that have been reported are the
rapid rate of healing achieved(19.26:27.32] gnd its ability to start the
healing process in recalcitrant chronic wounds.[12-14.20.33,35,36] |t
has been observed that honey promotes tissue regeneration
through stimulation of angiogenesis and the growth of fibroblasts
and epithelial cells,[1328.29.31.32] thereby hastening healing and
minimizing the need for skin grafting.[11.16.28,31.32]

The evidence for the effectiveness of honey in wound treat-
ment has been reviewed in detail elsewhere.[38l |t consists of case
reports, studies of experimental wounds in animal models, and
randomized controlled clinical trials.

There are numerous case reports where wounds that had not
been responding to conventional treatment healed when treat-
ment was changed to dressing with honey.[12-15.20.33.36] One of
these reportd %! was of 9 infants who had large infected surgical
wounds still open and oozing pus after treatment for at least 14
days with intravenous antibacterials and wound cleansing with
agueous chlorhexidine solution (0.05% w/v) and fusidic acid
ointment. Marked clinical improvement was seen in all infants
after 5 days of dressing with honey, and the wounds were closed,
clean, and sterile in all of the infants after 21 days of honey ap-
plication.

The studies in animal models have demonstrated that honey
gives faster healing and reduced inflammation (from histologic
evidence), compared with various controls, in superficia burng2d!
and in full-thicknesswoundsfree frominfection(19.394% gnd wounds
experimentally infected with Staphylococcus aureus.[*ll These
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effects have been shown to be due to components other than the
sugar in honey.[26]

Prospective, randomized, controlled, clinical trialshave proven
that honey gives significantly (p < 0.001) more rapid healing of
superficial burns than the healing achieved with silver sulfadia-
zine,[123.28] g polyurethane film,[24 and amniotic membrane.[29]

In one of thetrials comparing honey and silver sulfadiazine,[23!
in the 52 patients treated with honey 91% of the wounds were
rendered sterile within 7 days but in the 52 patients treated with
silver sulfadiazine only 7% showed control of infection within 7
days. Healthy granulation tissue was observed earlier in patients
treated with honey than those treated with silver sulfadiazine
(means 7.4 versus 13.4 days). Of those dressed with honey 87%
of wounds had heal ed within 15 days compared with 10% of those
treated with silver sulfadiazine. Better relief of pain, less exuda-
tion, lessirritation of the wound, and alower incidence of hyper-
trophic scar and post-burn contracture were noted with the honey
treatment. In the other trial comparing honey with silver sulfadi-
azine,[28 histol ogic examination of biopsy samplesfrom thewound
margin as well as clinical observations of wound healing were
made to assess rel ative effects on wound healing in the 2 groups
of 25 patients. By the 7th day, 84% of the wounds dressed with
honey showed satisfactory epithelialization, compared with 72%
of those dressed with silver sulfadiazine, and by the 21st day this
had increased to 100% of the wounds dressed with honey com-
pared with 84% of the wounds dressed with silver sulfadiazine.
Histologic evidence of reparative activity showed similar differ-
encesbetween the 2 groups, and showed early subsidence of acute
inflammatory changes in the honey-dressed wounds, whereas a
sustained inflammatory reaction was seen even on epithelializa-
tionin the wounds treated with silver sulfadiazine. No skin graft-
ing was required for the wounds treated with honey, but 4 of the
wounds treated with silver sulfadiazine converted to full thick-
ness and required skin grafts.

In atrial comparing honey-impregnated gauze with a poly-
urethanefilm (OpSite®), in 2 groups of 46 patients,[24 thewounds
dressed with honey healed in amean time of 10.8 days compared
with 15.3 dayswith the polyurethane film. Lessthan half asmany
of the wounds became infected when the wounds were dressed
with honey compared with when the wounds were dressed with
the polyurethane film (p < 0.001).

Inatrial comparing honey-impregnated gauze with amniotic
membrane,[?! the 40 patients treated with honey-impregnated
gauze had their burns healed in amean time of 9.4 days compared
with 17.5 days for the 24 patients treated with amniotic mem-
brane. Residual scars were noted in 8% of patients treated with
honey-impregnated gauze and in 16.6% of casestreated with am-
niotic membrane (p < 0.001).

Am J Clin Dermatol 2001; 2 (1)
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A retrospective study of 156 burn patientstreated in a hospi-
tal over a period of 5 years (1988 to 1992)[3% found that the 13
patients treated with honey had asimilar outcometo thosetreated
with silver sulfadiazine. However, in a prospective, randomized,
controlled trial on deep burns it was found that honey dressing
was not as good as early tangential excision and skin grafting.[42

Other clinical trialg2131 have investigated the treatment of
wounds with honey and the results have then been compared ret-
rospectively with the results from control groups whose wounds
were treated conventionally. In one trial,[31 20 consecutive pa-
tients with Fournier’ s gangrene were managed conservatively with
honey dressings in addition to systemic antibacterials (to which
some of the bacteria isolated were subsequently found not to be
sensitive). The results from these patients were compared retro-
spectively with the results from 21 similar patients managed by
the orthodox method of wound debridement, wound excision,
secondary suturing, and in some cases scrotal plastic reconstruc-
tion, in addition to receiving a mixture of systemic antibacterials
(asdictated by sensitivity results from cultures). The average du-
ration of hospitalization wasslightly longer, but responseto treat-
ment and alleviation of morbidity were faster in the group treated
with honey.

The second triall?ll was a prospective trial conducted over 2
yearsinvolving 15 women with wound dehiscence following Ce-
sarean section. They had their abdominal wound disruption man-
aged by honey dressing and wound approximation by micropore
tape. The results of thistrial were then compared retrospectively
with 19 patients of a similar age who had undergone Cesarean
section over the preceding 2 years and who had had their dehisced
wounds cleaned with hydrogen peroxide and hypochlorite solu-
tion and packed with saline-soaked gauze prior to resuturing un-
der general anesthesia. Excellent results were achieved in all the
patients treated with honey, the period of hospitalization required
being 2 to 7 days (mean 4.5), compared with 9 to 18 days (mean
11.5) for the comparative group.

3. How Honey Works on Wounds

The composition of honey isoutlined in table I1. It provides
amoist environment for optimum healing conditions despite its
water activity (amount of ‘free’ water) being very low. It does not
cause dehydration of tissues because its osmotic effect draws
fluid through the wound tissue from the underlying circula-
tion.[4”] Thusit creates afilm of diluted honey under the dressing,
which prevents the dressing from adhering to the wound bed so
there is no tearing away of newly formed tissue, and no pain, on
changing dressings.[1117.2432] A bonus from the osmotic effect
that creates this moist healing environment is that it provides

0 Adis International Limited. All rights reserved.

oxygenation and nutrification for the traumatized tissue through
the flow of lymph that isinduced. Additional nutrificationis pro-
vided by components of honey. Topical application of nutrients
to wounds has been shown to increase the rate of growth of gran-
ulation tissue.[*8 Within this moist environment the high osmo-
larity of honey protects skin from maceration, and the antibacte-
rial activity of honey preventsbacterial growth. Asaviscousfluid
it also provides a protective barrier to prevent cross-infection of
wounds.[11,13,19,23,24]

Many authors are not aware that honey has an antibacterial
activity beyond the osmotic effect of its sugar content,[9.10.33.34.49-51]
yet there have been numerous microbiologic studies published
that have shown that in many honeys there are other components
present that give amuch more potent antibacterial effect than that
due to the osmolarity.[43] Although the major antibacterial agent
in honey, hydrogen peroxide, has generally gone out of use in
wound care because of itsinflammatory effects, the concentration
of hydrogen peroxide accumulating in ahoney dressing (typically
around 1 mmol/L is produced in honey52) would be about 1000
timeslessthan that in a3% solution of hydrogen peroxide. Honey
can be a potent antibacterial agent: testing of honeys of median
levels of activity has shown that even when diluted 10 times or
morethey are capable of completeinhibition of the common spe-
cies of wound-infecting bacteria,!> with little variation in the
sensitivity of arange of clinical isolatesof S. aureus’>¥ and Pseu-
domonas.[59]

Another way that honey may work in clearing infection is
through an activating effect on the body’s immune system, as it
has been reported that it stimulates mitogenesisinB and T lym-
phocytes and activates neutrophils.[58 It also provides a plentiful

Table Il. Components and features of honey that are relevant to wound
healing

Comprises a viscous saturated or supersaturated solution of sugars

Typically contains about 20% water (almost all bound up with the sugar
molecules)

Sugars: primarily glucose and fructose

Wide range of amino acids, vitamins, and minerals'
Antioxidantst*!

Glucose oxidase which produces hydrogen peroxide and gluconic acid®?
Gluconic acid gives honey a pH typically of 3.2 to 454

Hydrogen peroxide is produced only when honey is diluted as glucose
oxidase is inhibited in undiluted honey 49l

Hydrogen peroxide provides most of the antibacterial activity of diluted
honey (in undiluted honey the high osmolarity prevents bacterial
growth)[45]

Antibacterial phytochemicals may also be present [honey from manuka
(Leptospermum scoparium) has a high level of such phytochemicals][46]

[43]

Am J Clin Dermatol 2001; 2 (1)
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Fig. 1. The debriding action of honey detaches slough so that it lifts off with the
dressing.

supply of glucose which is essential for the ‘respiratory burst’ of
phagocytes.

Therapid autolytic debridement of wounds seen when honey
isused (fig. 1) may result from the activation of proteasesin the
wound tissue by the hydrogen peroxide produced by honey: the
matrix metalloprotease is activated by oxidation,!>” and the in-
hibitor of neutrophil protease in wound tissue is inactivated by
oxidation.[58]

The anti-inflammatory action of honey observed clinically
as areduction in edemal132531 and pain(242650 js not just a sec-
ondary effect of clearing infection and debriding the wound, asit
has been observed also in experimental woundsin animal models

Table Ill. Some practical considerations using honey in clinical practice

inwhich therewerefew or no bacteria.[2640] By decreasing edema
honey improves the circulation through capillaries and thus im-
proves oxygenation, the rate-limiting factor for regenerating tis-
suesin the wound. The acidity of honey also helps with oxygen-
ation, as acidification of wounds increases the release of oxygen
from hemoglobin.[59

The anti-inflammatory action of honey will also reduce the
damage that is caused by the free radicals that arise from inflam-
mation, thus preventing further necrosis.[%% For example, it has
been observed that honey prevents partial-thickness burns from
converting to full-thickness burns needing skin grafts.[28! The an-
tioxidants present in honey will help in this, by ‘ mopping up’ any
free radicals that are formed. Topical application of antioxidants
has been found to reduce the i schaemia associated with burns.[61!
These effectswill reducethelevel of reactive oxygen species, the
prolonged production of which is responsible for the occurrence
of fibrosis.[6Z

The stimulation of angiogenesis that has been observed exper-
imentally when honey is applied to wounds in animal modelg3941
would account for the notably rapid development of granulation
tissue seen clinically,[13.16.18.20,23,28,31,35] ggthe granules are fibro-
blasts growing where there are capillary bundles supplying oxy-
gen. Thereis currently no explanation for how honey stimulates
angiogenesis, although it could be through its production of hy-
drogen peroxide, astopical application of hydrogen peroxide has
been found to enhance cutaneous blood recruitment in ischaemic
ulcers.l%% 1t may also be through the production of hydrogen per-
oxidethat honey promotesthe rapid healing of wounds, as hydro-

The various beneficial effects of honey on wound tissues will be reduced or lost if small amounts of honey become diluted by large amounts of exudate
The frequency of dressing changes required depends on how rapidly the honey is being diluted by exudate

More honey is required on deeper infections, to obtain an effective level of antibacterial activity diffusing deep into the wound tissues

Typically, 20ml of honey (25 to 30g) is used on a 10cm x 10cm absorbent dressing pad

Most commonly, dressing are changed daily, but up to 3 times daily may be needed at first for heavily exuding wounds

The antibacterial and anti-inflammatory action of honey soon reduces the amount of exudation from the wound — twice-weekly dressing changes may be

suitable later

A heavy flow of exudate tends to wash the honey to the outer surface of the dressing, thus allowing the dressing to stick to the wound: more frequent

dressing changes prevent this

If a non-adherent dressing is used under the honey dressing, it has to have sufficient porosity to allow the components of the honey to diffuse through to
the wound bed (paraffin-impregnated dressings prevent diffusion from the honey)

Honey at body temperature is fluid and tends to run off wounds (fig. 2). Absorbent dressing pads preimpregnated with honey are the most convenient

way of applying honey to surface wounds (fig. 3)

Filling abscesses, cavities and depressions in the wound bed with honey before applying the honey dressing pad ensures honey is always in contact

with the wound bed (fig. 4)

Occlusive or absorbent secondary dressings are needed to prevent honey oozing out from the wound dressing. Occlusive dressings have the advantage
of preventing honey from soaking away from the wound (the high osmolarity of honey prevents maceration of the skin)

Where there is no problem with containing exudate, fluid honey can be held in place on a wound by an adhesive polyurethane film dressing

For varicose ulcers, multi-layer pressure bandaging can be used over honey-impregnated dressing pads

0 Adis International Limited. All rights reserved.
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Fig. 2. Honey applied directly to surface wounds tends to run off.

gen peroxide has been found to stimulate the proliferation of fi-
broblasts.[64 It has been proposed that hydrogen peroxide could
be used to promote thewound healing processif the concentration
could be carefully controlled:[64 controlled sustained release of
hydrogen peroxide is achieved with honey. It has also been pro-
posed that honey be used in place of recombinant growth factors
to stimulate the healing of burns.[6°]

4. Using Honey in Clinical Practice

The published literature on the clinical usage of honey in
wound care giveslittle detail on the way that wounds are dressed
with honey, and that which is given varies. Table IIl outlines

some practical considerations that come from clinical associates
experienced in the use of honey as a wound dressing.

Another consideration is the selection of honey for use as a
wound dressing. Two millennia ago physicians were aware that
only certain honeys should be used for therapeutic purposes,[6¢!
but in present timeshoney ismostly treated asageneric medicine.
Because the antibacterial activity of different honeys can vary by
asmuch as 100-fold,[52 the best results on i nfected woundswoul d
be expected if the honey used were selected to have a high level
of activity. Honey to be used on wounds should be protected from
heat and light because the antibacterial activity of honey iseasily
lost through the denaturing action of these on the enzyme in
honey that produces hydrogen peroxide.[52

Because honey sometimes containsviable sporesof Clostrid-
ium botulinumit has been argued that the risk of it possibly caus-
ing wound botulism is unacceptable.[5] Honey istoo viscous for
filter-sterilization, and its antibacterial activity is destroyed by
heating, but honey can be sterilized by gamma-irradiationl67.68]
without loss of activity.[67] Pure Leptosper mumhoney with stand-
ardized antibacterial activity, packed in sgueeze-out tubes for
ease of use, sterilized by gamma-irradiation, isavailable commer-
cidly in Australiaand New Zealand from various producers.

For follow-up protection of delicate new skin after comple-
tion of epithelialization, honey can be applied by being incorpo-
rated in skin creams or ointments.[22 These are commercially
available in New Zealand, consisting of normal moisturising
creams or a petrolatum-based ointment with 25 to 30% manuka
honey with standardized antibacterial activity incorporated. With
sufficient lipid material in the formulation, these can contain a
high proportion of honey without it being sticky on the skin.

Fig. 3. Absorbent dressings pre-impregnated with honey are a convenient way of applying honey to a wound, and of holding an appropriate quantity of honey in place.

0 Adis International Limited. All rights reserved.
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Fig. 4. A pressurized system being used to fill a sinus with sterilized honey.

5. Conclusion

Honey is the most ancient wound dressing known, but as a
bioactive dressing material it is also the most modern type of
wound dressing. Apart from the difficulty of keeping honey in
place on awound and absorbing exudate, it meets all of the cri-
teria for being the perfect dressing material. With appropriate
dressing techniques, those shortcomings can be overcome. Honey
selected to have agood antibacterial activity providesatreatment
optionworthy of seriousconsideration, especially oninfected and
recalcitrant wounds. On burns its antibacterial and anti-inflam-
matory properties allow a moist healing environment to be main-
tained that protects the wounds from deterioration and fibrosis.
Its promotion of rapid healing and minimization of scarring also
warrant it having a placein plastic surgery.
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