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Introduction
A renewed interest in medical-grade honey is revitalizing the 

clinical and biomedical engineering communities. The primary 
driving force for this revitalization has been the goal of developing 
non-antibiotic alternatives and effective new ways to prevent and fight 
bacterial infections.  This application of honey is not unexpected or 
new since the use of medicinal honey simply fell out of fashion when 
antibiotics revolutionized medicine over one hundred years ago.  Prior 
to antibiotics, and dating back as far as 600 B.C., honey had been 
extensively used in the treatment of infections and burns [1].  More 
importantly, the broad antimicrobial spectrum of honey makes it a 
great and powerful alternative to antibiotics when dealing with wound 
infections.  However, care must be used in selection because the 
antimicrobial spectrum of the honey is very much dependent on the 
type (source of nectar) of honey used [2].  For this reason, a specific 
honey, Manuka honey, appears to be leading the charge in transforming 
the medical industry due to its unique composition and derived 
functionality.  Its functionality includes a broadband anti-bacterial, 
anti-inflammatory, and enhanced wound healing capacity that may 
be the tissue engineering trifecta and deserves further consideration 
as an essential tissue engineering ingredient (i.e. incorporation into 
templates). 

Manuka honey is typically monofloral and derived from the nectar 
of a flowering scrub-tree native to New Zealand and southeast Australia 
called Leptospermum scoparium.  The unique manuka factor (UMF) in 
Manuka honey is the methylglyoxal (MGO) level which is responsible 
for its anti-bacterial effect.  Additionally, this non-peroxide property of 
Manuka honey is important because it will not cause damage to adjacent 
healthy tissue in sharp contrast to general honey that uses hydrogen 
peroxide as its active component to kill bacteria.  Research has also 
shown that the low pH of 3.2-4.5 is a powerful property of honey that 
kills bacteria with an added benefit of also potentially contributing to 
the induction of angiogenesis [4,5].  Furthermore, the ability of honey 
to inactivate free iron is extremely efficient at killing bacteria [6].  
More importantly for tissue engineering applications, Manuka honey 
causes increased healing and a reduction in the overall healing time 
in wound sites.  This is directly related to the inflammatory response 
as Manuka honey enhances the suppression of inflammatory cells and 
the proliferation of epithelial and fibroblasts [6,7].  Thus, leading to 
one looming question - why is Manuka honey currently used so rarely 
clinically, knowing the fact that honey has been used for thousands of 
years as such a safe and effective treatment for infected wounds and 
burns?  As tissue engineers, could this be a missing essential ingredient 
in tissue engineering template design, especially for acellular tissue 
regenerative templates designed to promote in situ regeneration?

Methylgloxal: A Unique Contributing Factor
As noted, the MGO in Manuka honey is responsible for anti-

bacterial activity and creates an environment in which bacteria cannot 
build a resistance to honey [3].  In particular, Manuka honey will likely 
continue to be favored when dealing with wound dressings because of 

its noted non-peroxide activity.  Most other varieties of honey rely on 
peroxide activity to kill bacteria, but this peroxide activity can damage 
surrounding tissues and decomposes when exposed to heat, the enzyme 
catalase breaking down hydrogen peroxide in the body, thus rendering 
most general honey varieties rather ineffective for use in wound repair 
[3].  As it relates to the MGO content, it has been observed that there 
is a correlation between the MGO content and the effectiveness of the 
honey’s ability to clear bacteria from infected wounds [3]. Therefore, it 
can be further suggested that the Manuka honey with a higher MGO 
content should be utilized based on availability and cost (currently 
the price significantly increases with MGO content due to limited 
availability).  Manuka honey has a significant therapeutic benefit when 
the UMF equivalent level is between 12+ - 19+ (on a scale of 2+ to 30+, 
with values above 20+ considered extremely high anti-bacterial benefit 
but also very expensive and not easily obtained) [8].

One of the more current and prevalent clinical challenges is 
Methicillin-resistant Staphylococcus aureus (MRSA) which is a common 
bacterium that causes problems with wound infections after surgery.  
Notably, a study has shown evidence of healing and eradication of MRSA 
in patients who were treated with Manuka honey when anitibotics 
alone could not clear the infection [9].  Another study also provided 
evidence that the functionality of medical honey was necessary in 
eliminating MRSA in patients that had infections which persisted for 
four months despite the continued use of antibiotics [9].  In summary, 
Manuka honey has demonstrated the ability to stop bacterial (MRSA 
and E. Coli) growth by in vitro studies and continues to show promise 
in clinical trials for enhanced wound healing while continuing to be an 
anti-bacterial and anti-inflammatory agent [10]. 

Manuka Honey as it Currently Relates to Tissue 
Engineering

In the field of tissue engineering, a central area of focus has been 
on engineering biomaterial-based templates aimed at facilitating and 
guiding new tissue formation by a variety of approaches.  A common 
theme in designing these tissue regeneration templates remains the 
necessity for biocompatibility and how does this biocompatibility 
determine what biomaterial(s) and overall form/architecture can be 
used for facilitating and guiding regeneration [11].  Historically, and 
much too often, a tissue regeneration template’s biocompatibility has 
been based upon simple “inertness” upon physiological interaction [11].   
As recently presented by Dr. Williams and in order to obtain a template 
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that truly facilitates and guides the desired regeneration, the ideal 
template characteristics should be more complex and include: capability 
of replicating the microenvironment of tissue-specific cells, adaptability 
to the microenvironment, mimicking tissue mechanical properties, 
optimized surface energy, capacity for reciprocal communication via 
direct molecular signaling of interacting cells, provide appropriate 
shape and size of the desired tissue, optimized for each specific tissue 
development, and composed of material that is non-cytotoxic [11].  
Taking the criteria into consideration, how can we design templates that 
facilitate and guide complex tissue regeneration without the associated 
bacterial and inflammation-driven complications seen historically?

While the clinical use of Manuka honey has been highly focused 
on wound dressings, the areas of application should now quickly 
begin to broaden and include Manuka honey incorporation into 
tissue regeneration templates for the following reasons: the ability to 
prevent infections, anti-inflammatory capacity, and capacity to enhance 
healing through a variety of potential mechanisms.  A study published 
by our group examined the response of macrophages, fibroblasts, and 
endothelial cells to cell culture media supplemented with lyophilized 
preparation rich in growth factors (PRGF) derived from platelet-rich 
plasma (PRP) and Manuka honey [12].  This study demonstrated 
that Manuka honey may have a potential additive effect over just the 
popular PRP-based therapies and its use may potentially enhance or 
accelerate regeneration, further detailed in vivo evaluations necessary.  
Additionally, another study showed that poly (vinyl alcohol) (PVA) and 
Manuka honey could be incorporated into a composite dressing [13].  
PVA has excellent biocompatibility and is easily formed into templates 
(i.e. good fiber forming qualities), which allows the incorporation of 
Manuka honey for enhanced regeneration (controlled release delivery 
vehicle) versus a simple polymeric-based template while at the same 
time minimizing opportunities of bacterial colonization.  The controlled 
release delivery vehicle is another aspect of particular note because 
current honey therapies are often deemed ineffective for one primary 
reason, at body temperature the honey becomes more fluid and disperses 
rapidly from the site of application.  Another potential mechanism of 
Manuka honey is its capacity to stimulate cytokines that promote tissue 
growth through the proliferation of fibroblasts and epithelial cells and 
leads to a strong presence of macrophages at the wound site when a 
wound is dressed with Manuka honey [6].  Moreover, in burn wounds, 
honey has been seen to promote re-epithelialization [6]. Thus, evidence 
of a potential tissue regeneration trifecta and that further evaluations of 
templates incorporating Manuka honey is warranted.  

Potential Concerns with Manuka Honey 
Although there has been considerable effort and research regarding 

the antimicrobial and topical healing effects of Manuka honey, there has 
not been a strong focus on the possible adverse effects of Manuka honey 
on wound healing or upon use internally.  As a precaution, research 
has shown that honey dressings should not be applied to patients who 
have an allergy to bee stings [6].  Furthermore, the low pH and high 
acidity of Manuka honey can cause temporary pain, stinging, that 
dissipates quickly in patients when there is high inflammation at the 
wound site [6].  One of the complicating factors, as noted previously, is 
honey’s fluidity upon application, which makes it difficult to determine 
the efficacy of Manuka honey with a complex patient population [6]. 
Another concern is the risk of introducing microorganism contained in 
the honey upon template incorporation, a scenario easily mitigated by 
proper sterilization.  Yet another concern or risk is that of contaminating 
the wound with pollen that may not have been cleaned from filtering 
causing an allergic reaction [6].  

As noted, the critical factor that renders Manuka honey its unique 
functionality is MGO.  This beneficial factor can be detrimental for 
the healing of diabetic ulcers.  Research has shown that MGO and 
advanced glycation end products can actually prevent wound healing 
when the patient is a diabetic by enhancing the activity of neutrophils 
causing chronic inflammation and reduced healing [2].

In a single study examining the effects of internally applied 
Manuka honey, the ototoxic effects have been demonstrated in an 
animal model.  The purpose of this study was to examine ototoxicity 
in the chinchilla model with a 50% concentration of Manuka honey 
(12+ UMF equivalent) [14].  This concentration is well above the 
4-5% Manuka honey (16+ UMF equivalent) solution shown effective 
against MRSA and P. aeruginosa [15].  A myringotomy was performed 
on the chinchillas which required an incision to relieve pressure in the 
middle ear [14]. This is one of the first in vivo trials of Manuka honey 
exposure internally. The results demonstrated clearly that the animals 
with exposure to high concentration Manuka honey in the middle ears 
internally to fight biofilms displayed intense or severe inflammatory 
changes which resulted in facial paralysis, vestibuleotoxicity, and 
hearing loss [14].   Thus, as the potential use of Manuka honey is 
explored in tissue regeneration templates, the quantity available at the 
surface and/or release kinetics will be of concern as to not cause local 
complications and maintain the potential beneficial effects of its use. 

Conclusion and Perspective
While many medical professionals still view the use of Manuka 

honey, especially as a substitute for antibiotics, with skepticism its 
potential especially in tissue engineering applications cannot be 
denied.  Manuka honey epitomizes the tissue engineering trifecta, it 
is anti-bacterial, immunomodulatory, and it enhances wound healing 
and tissue regeneration.  The Manuka honey trifecta may now lead it 
to being an essential and all-natural ingredient that paves the way for 
the development of ideal tissue regeneration templates for a variety of 
applications.  Much work is still required regarding the mechanisms 
in play with a variety of cellular components upon interacting with 
Manuka honey and the potential enhancement of tissue regeneration.  
More importantly, it appears that the drawbacks of Manuka honey 
are limited but very manageable when considering its many potential 
benefits and applications.  Finally, it is clear that Manuka honey 
dressings are effective, relative to conventional wound dressings, at 
preventing infection as well as promoting tissue regeneration in many 
applications.  It is imperative that research focus now turns to the 
potential extensive internal use of Manuka honey and particularly its 
incorporation into tissue regeneration templates.
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