
76 

 

      www.roavs.com                                               EISSN: 2223-0343  
RESEARCH OPINIONS IN ANIMAL & VETERINARY SCIENCES 

 

Review Article 
 

Recent advances in topical wound healing products with special reference to 
honey: A review 

 
Zuhair Bani Ismail1, Musa A. Alshehabat1, Wael Hananeh2, Mousa Daradka1, Ja’far Hasan Ali1 and Ekhlas 

K. M. El-Najjar3 
 

1Department of Veterinary Clinical Sciences; 2Department of Pathology and Public Health, Faculty of Veterinary 
Medicine, Jordan University of Science and Technology, Irbid 22110, Jordan; 3Royal Jordanian Medical Services, 

Amman, Jordan 
 
 

Article history 
Received: 28 Jan, 2015 
Revised: 22 Feb, 2015 
Accepted: 23 Feb, 2015 

Abstract 
Wound healing is a complex process involving several overlapping stages with many 
internal and external factors playing different important roles. Healing of wounds can 
be hindered in special cases and successful management becomes a serious challenge 
to the practitioner. Over the years, many natural and synthetic products have been tried 
in both human and animals in the hope that they facilitate the process of healing 
especially in unusual wounds. The main objective of this review was to collect 
documented scientific data regarding the use of a very special type of honey (Sidr 
honey) and its use for open wound management as well as its chemical and medicinal 
characteristics. In addition, a more comprehensive literature review of the most recent 
topical wound healing products is also provided. 
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Introduction 

 
Wounds are common and can be challenging to 

manage in both human and animals, especially non-
healing wounds and wounds with secondary infection 
by multidrug resistant bacteria (Atiyeh et al., 2009). 
Ideally, topically applied wound treatment products 
should be non-toxic, biocompatible, and be able to 
achieve the intended clinical purpose without adversely 
affecting the progress of the natural wound healing 
process (Atiyeh et al., 2009). Traditionally, the basic 
principles related to wound care include copious wound 
lavage with sterile solutions to reduce microbial load, 
debridement of visible necrotic or contaminated tissues 
and applications of appropriate wound dressings 
(Atiyeh et al., 2009; Thomas et al., 2009).  

Until today, there has been no single optimal 
treatment that enhances the resolution of problem 
wounds or alters the different cellular components or 
their functions that are responsible for proper healing 
(Sell et al., 2012). Various synthetic and biomaterials 
have been investigated for the purpose of enhancing 
wound healing in both humans and laboratory animals 
(Hammad et al., 2011; Li et al., 2012; Mardas et al., 
2012). Results of such experiments were varied and 
inconsistent in most instances. As a result, periodical 
modifications or reassessment of treatment protocols 
used in different phases of wound healing have been 
common in order to find the single most effective 
treatment regimen (Hammad et al., 2011; Li et al., 
2012; Mardas et al., 2012). Hence, the main objective 
of this review was to collect documented scientific data
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regarding the use of a very special type of honey (Sidr 
honey) for open wound management as well as its other 
chemical and medicinal characteristics. A more 
comprehensive literature review of wound topical 
management is also provided.  
 
Recent advances in topical medications for wound 
treatment 
Glycerol   

Glycerol has been used for treatment of various 
health problems (Fluhr et al., 2008; Stout and 
McKessor, 2012). Many beneficial effects have been 
reported after the use of glycerol for treatment of skin 
disorders including promotion of wound healing, 
amelioration of the skin protective (barrier) function, 
hydration status and mechanical features (Fluhr et al., 
2008). In addition to its antimicrobial and antifungal 
effects, glycerol provides moist wound environment 
crucial for wound healing (Saegeman et al., 2008; Fluhr 
et al., 2008). Currently, glycerin is one of the most 
commonly used topical treatments in wound dressings 
applied during the proliferative phase of wound healing 
(Stout and McKessor, 2012).  
 
Tripeptide copper complex (TCC) hydrogel 

Tripeptide copper complex (TCC) hydrogel has 
been found to stimulate the formation of granulation 
tissue in dogs during the first week of open wound 
healing, thus promoting the process of wound healing 
(Swaim et al., 1996). It has also been found to enhance 
the healing of ischemic open wounds in rat models (Gul 
et al., 2008). More interestingly, wounds of rabbits 
treated with TCC have been found to complete the 
formation of granulation tissue faster than control 
animals (Gul et al., 2008). Treated wounds were found 
significantly smaller and competed granulation tissue 
formation faster and contained significantly lower 
concentrations of TNF-alpha and MMP-2 and MMP-9 
than control wounds (Canapp et al., 2003). 
 
Zinc  

Topical treatment with zinc compounds has been 
found to stimulate epithelialization in surgically created 
wounds in rats and rabbits (Lansdown et al., 2007; 
Boateng et al., 2008). Enhanced wound contraction has 
also been reported in rabbits treated with zinc oxide 
(Boateng et al., 2008). In addition, zinc was shown to 
decrease Staphyloccocus load in the wound and to 
induce no cellular abnormalities (Boateng et al., 2008). 
Moreover, topical application of zinc oxide was found 
to enhance the healing of chronic and acute wounds in 
addition to a considerable antibacterial and anti-
inflammatory effects (Voicu et al., 2013). 
 
Platelet rich plasma (PRP) 

Many clinical studies documented the regenerative 
properties of the platelet-rich plasma (PRP) and their 

role in treatment of chronic skin wounds and ulcers 
(Alsousou et al., 2009; Lacci and Dardik, 2010). PRP 
serves as a growth factor and has both mitogenic and 
chemotactic properties (Everts et al., 2006; Petrova and 
Edmonds, 2006). It contains a high level of platelets 
and a full complement of clotting and growth factors 
(Mehta and Watson, 2008). Many clinical studies 
documented the regenerative properties of the platelet-
rich plasma and their role in treatment of chronic skin 
wounds and ulcers (Alsousou et al., 2009; Lacci and 
Dardik, 2010). 
 
Aloe vera 

In a study evaluating the curative impact of Aloe 
vera fresh gel on healing of experimentally infected 
full-thickness open wounds in dogs, it has been shown 
that both quantity and quality of collagen fibbers have 
been improved after treatment with Aloe vera. fresh gel 
(Ghasemi et al., 2009). An aloe vera derivative called 
“acemannan” has been found to act as a growth factor 
in order to enhance wound healing. Acemannan is 
available in foam or hydrogel forms (Swaim and 
Bohling, 2008). Stimulation of collagen I synthesis, 
vascular endothelial growth factor and keratinocyte 
growth factor 1 as well as fibroplasia have been 
reported after  treatment in rat model with acemannan 
(Jettanacheawchankit et al., 2009). Furthermore, 
promotion of wound contraction and epithelialization as 
well as acceleration of granulation tissue formation 
have been noticed after the use of acemannan hydrogel 
for treatment of wounds involving the paws pads of 
dogs.  
 
Sildenafil 

By promoting angiogenesis, Sildenafil citrate 
(Viagra) has been shown to be effective in enhancement 
of wound healing process in dogs (Brueckner et al., 
2009; Derici et al., 2010; Farsaie et al., 2012). In fact, 
sildenafil citrate gel application was found to decrease 
significantly the size of the skin wound in a dose 
independent manner during wound healing and in a 
dose dependent manner thereafter (Gursoy et al., 2014). 
Moreover, topically applied sildenafil on skin wounds 
was proved to enhance significantly wound contraction, 
fibroblast deposition and granulation tissue formation, 
and macrophage migration, collagen regeneration, and 
epithelialization (Jamshidzadeh and Azarpir, 2011).  
 
Ascorbic acid 

Oral administration of ascorbic acid prior to 
laparotomy in diabetic rats has been reported to 
expedite incisional wound healing processes (Kamer et 
al., 2010). Furthermore, a D-glucose polysaccharide 
named “maltodextrin” produced as gel or powder that 
contains 1% ascorbic acid has been used successfully 
for stimulation of wound healing in severely 
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contaminated and infected wounds (Hedlund, 2007). 
Maltodextrin provides glucose essential for metabolic 
activities of cells involved in wound healing (Hedlund, 
2007). Moreover, maltodextrin has been found to play 
an important role in creating a favourable moist 
environment for wound healing as well as reducing the 
wound odour, oedema, exudates and infection. 
Enhancement of epithelial cells growth as well as early 
development of granulation tissue may result from the 
use of maltodextrin for topical treatment of wounds 
(Hedlund, 2007). Antibacterial efficacy of maltodextrin 
as well as its ability to inhibit bacterial growth 
recommended its use for contaminated or infected 
wounds (Hedlund, 2007). It can be used as a wound 
contact dressing layer during the early two phases 
(inflammatory and proliferative) of wound healing.  
 
Tocopherol 

The clinical effects of using vitamins to enhance 
wound healing have been studied in several animal 
models (Lin et al., 2012). Among of which, only 
vitamin C has been shown to accelerate healing in 
human subjects (Lin et al., 2012). Other recent 
researches also evidenced an accelerated wound healing 
pattern in diabetic rats after topical application of 
tocopherol cream (Lin et al., 2012). Vitamin E after oral 
administration was found to enhance wound in aging 
and diabetic rat models (Noor Aini et al., 2003; 
Musalmah et al., 2005). Intraperitoneal injection of 
Raxofelast, a hydrophilic vitamin-E-like compound was 
also found to positively effect on healing of incised 
wounds in diabetic rats (Galeano et al., 2001). Other 
recent researches also evidenced an accelerated wound 
healing pattern in diabetic rats after topical application 
of tocopherol cream (Lin et al., 2012) as well as 
polysaccharides-rich extract of a polypore mushroom 
Ganoderma lucidum (Cheng et al., 2013).   
Pomegranate (Punica granatum) 

The extract of dried pomegranate peel has been 
formulated as a water-soluble gel with different 
concentrations and tested for its wound healing potency 
in Wistar rats (Adiga et al., 2010; Hayouni et al., 2011). 
Complete wound healing was observed on day 10 in 
animals treated with 5% formulated gel, whereas it 
required 16-18 days to be achieved in control animals 
treated with blank gel. More recently, it has been 
reported that oral administration of Pomegranate seed 
extract in rabbits significantly enhanced the rate of 
surgical wound closure (Kandemir et al., 2013).  
 
Lantana (Lantana camara) 

Many researches and experimental trials conducted 
on rats revealed several medicinal properties of West 
Indian lantana (Lantana camara) including 
antibacterial, anti-inflammatory, antifungal, 
antioxidant, anti-carcenogenic, anti-hyperglycemic and 

many others (Reddy, 2013). Furthermore, ethanolic 
extract of L. camara leaves has been found to enhance 
wound healing in adult male rats (Reddy, 2013). More 
interestingly, enhanced wound contraction, collagen 
synthesis and accelerated wound healing have been 
demonstrated after the topical application of L. camara 
aqueous leaf extract in rats (Nayak et al., 2009). A 
recently published research has also concluded that 
topical application of ethanol extract of L. camara has 
resulted in dose dependent promotion of wound healing 
in diabetic rats (Mekala et al., 2014). 
 
Chitosan  

Chitosan, a derivative of the naturally occurring 
polymer Chitan is widely available in nature with many 
proven medical properties (Dai et al., 2011).  It has 
been found to exert wide spectrum antimicrobial 
effects, promotes the healing of various types of 
wounds, as a haemostatic agent, and has been used as a 
carrier for many drugs and growth factors (Dai et al., 
2011). The positive effect of sterilized, medical grade 
chitosan powder on wound healing of rats has been also 
reported more recently (Ong et al., 2008; Sandeep et al., 
2014).  
 
Stem cell therapy 

Stem cells are undifferentiated cells that have the 
ability to renew and differentiate into progenitor or 
precursor cells of one or several specific cell types 
(Yolanda et al., 2014). There are two main types of 
stem cells; foetal and adult stem cells. Adult stem cells 
are more commonly used and easier to obtain with little 
technical and ethical obstacles (Yolanda et al., 2014). 
These can be collected from bone marrow and fat 
tissue, but can be obtained from any other tissue. It has 
been used with variable degrees of success for 
regeneration of the myocardium, bone, tendons, 
cartilage, and skin (Wang et al., 2007). A recent 
experimental research revealed a novel treatment of full 
thickness cutaneous wounds created in rabbits with a 
single topical application of autologous bone marrow-
derived cells with placental extract (Akela et al., 2012). 
Treatment group showed an accelerated wound healing 
pattern compared to other groups. The study also 
suggested the topical application of autologous bone 
marrow-derived cells with placental extract for 
effective treatment of chronic non-healing wounds 
occurring in both humans and animals (Akela et al., 
2012).  
 
Honey 

Honey is a sweet viscid material made by honey 
bees (Apis mellifera) using the nectar portion flowers. 
Honey varies in its physical and chemical properties. It 
is classified based on several criteria including water 
content, clarity, colour, aroma, and methodology of 
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processing and packaging. Honey has been used by 
many ancient cultures as a full nutritious food as well as 
a remedy for many illnesses. Pure honey is mainly 
composed of approximately 80% carbohydrates (40% 
glucose, 40% fructose), approximately 20% water, and 
traces of protein, traces of minerals, vitamins and 
contains no fat (Simon et al., 2009; Al-Waili et al., 
2012). Honey is a natural product that can possibly be 
contaminated during collection or packaging (Simon et 
al., 2009; Al-Waili et al., 2012). Raw honey is the 
honey that does not undergo further processing such as 
boiling or pasteurization (Simon et al., 2009; Al-Waili 
et al., 2012). Medical-grade honey is a purified-type 
honey that undergoes gamma radiation to help destroy 
the spores of Clostridium botulinum (Simon et al., 
2009; Al-Waili et al., 2012).  

Using honey as a wound care product has been 
recognized because it is believed to positively influence 
the wound healing process. Today, there are several 
medical grade honey-based dressings that are approved 
by the United States Food and Drug Administration 
(FDA). Various mechanisms have made honey superior 
to many other available medically-approved wound 
care products. Honey has a hygroscopic effect by 
attracting and holding excessive fluid from the 
surrounding environment and thus reduces 
inflammatory oedema and exudation associated with 
the healing process (Simon et al., 2009; Al-Waili et al., 
2012). Reduction in inflammatory oedema and 
exudation also may decreases pain (Simon et al., 2009; 
Al-Waili et al., 2012).   

The high sugar content in honey provides a source 
of energy to both the viable cells as well as wound 
invading bacteria (Al-Waili et al., 2011). Wound 
invading bacteria preferably utilizes high glucose 
content over traces of amino acids in honey, which in 
turn produces lactic acids rather than malodorous 
products thus reducing unpleasant odours associated 
with many types of wounds (Al-Waili et al., 2011).   

Honey’s low water content creates high osmolarity 
conditions in contaminated wounds. As a result, 
nutrients will be dissolved within the lymph drawn 
from the wound area for tissue regeneration (Al-Waili 
et al., 2011).  

In recent years, honey has gained more popularity 
as an efficient natural antibacterial wound care product 
especially in wounds infected with multidrug resistant 
bacteria such as Staphylococcus, Streptococcus, 
Pseudomonas and E. coli (Al-Waili, 2011; Godlee, 
2013; Cooke et al., 2015). Recent studies have 
suggested an in vitro superior efficacy of honey against 
resistant bacteria such as methicillin resistant 
Staphylocuccus aureus (MRSA), vancomycine resistant 
Enterococcus (VRE) and others (Kwakman et al., 2008; 
Kwakman et al., 2011a; Ewnetu et al., 2013; Jenkins et 
al., 2014; Cooke et al., 2015). However, there have 

been some reports suggesting  variations in the honey's 
antibacterial properties when derived from different 
plant sources (Kwakman et al., 2008; Blair et al., 2009).  

The exact mechanism of action of honey as an 
effective antibacterial agent has been investigated but 
largely remain obscure (George and Cutting, 2007; 
Majtan et al., 2011; Al-Waili, 2011; Cooke et al., 
2015). Suggested mechanisms are many and include 
low water content, high acidity, high osmolality, 
presence of natural hydrogen peroxide that is produced 
by the action of glucose oxidase in honey, and 
scavenging properties attributed to phenolic compounds 
(Mavric et al., 2008; Adams et al., 2009; Kwakman et 
al., 2010; Al-Waili, 2011; Jervis-Bardy et al., 2011; 
Leong et al., 2012; Cooke et al., 2015). Hydrogen 
peroxide produced in honey also plays a protective role 
that prevents tissues from damage (Mohd Zohdi et al., 
2012; Nakajima et al., 2013; Cooke et al., 2015).  

In addition to being a natural antibacterial, honey 
also has other wound healing attributes. Various studies 
have reported that honey may stimulate macrophage 
migration, angiogenesis and fibroplasia. Honey also 
contains high levels of antioxidants which provide 
further tissue protection against oxygen radicals (Mohd 
Zohdi et al., 2012; Nakajima et al., 2013). In addition, 
Baghel et al. (2009) mentioned that honey has no 
adverse effects on tissues. 

Several studies have documented the efficacy of 
using honey in wound treatment as well as its superior 
activity when compared to many other modern wound 
healing products (Molan, 2006; Kwakman et al., 2008; 
Lay-flurrie, 2008; Al et al., 2009; Ferreira et al., 2009; 
Al-Waili et al., 2011; Kwakman et al., 2011b; Tan et 
al., 2012; Yaghoobi et al., 2013). Recent studies in 
different animal models found that honey-treated 
wound sites and burns healed more rapidly when 
compared with control wounds (Lay-flurrie 2008; Tan 
et al., 2012). Moreover, honey resulted in enhanced 
healing process, minimized healing time and reduced 
scarring. In addition, Anyanechi and Saheeb (2015) 
found that application of honey dressings benefit the 
healing process of dehiscenced mandibular wounds 
after resection surgery. 

Recently, daily application of Manuka honey on 
experimentally created wounds on the distal thoracic 
limb of horses for 12 days showed less retraction when 
compared with the control group(Bischofberger et al., 
2011). The use of honey mixed with beef fat or butter 
for treatment of human intractable wounds, skin ulcers 
and burns has been described for over three thousand 
years (Bischofberger et al., 2013).  
 
Sidr honey 

Among various monofloral honeys produced in the 
Arabian Peninsula, Sidr honey is considered one of the 
finest. Traditionally, Sidr honey has been utilized as an 
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effective treatment for infected wounds. In addition, 
Sidr honey obtained from Sidr tree has been known to 
cure liver diseases, chronic rhinosinusitis and gastro-
intestinal ulcers in humans (Alandejani et al., 2009). A 
recent research utilized Sidr honey in rat model showed 
that honey inhibited histamine, carrageenan- induced 
paw oedema, acetic acid-induced writhing, formalin-
induced writhing, and significantly reduced yeast-
induced pyrexia with no observed toxic side effects 
(Alzubier and Okechukwu, 2011). Furthermore, Sidr 
honey has expressed numerous medicinal effects 
including antibacterial, anti-inflammatory, antipyretic 
and analgesic (Alandejani et al., 2009; Alzubier and 
Okechukwu, 2011). 

Physical and chemical analysis of Sidr honey 
showed that this honey contains several 
phytochemicals: steroid, flavonoids, tannins, saponins 
and alkaloids (Alandejani et al., 2009; Alzubier and 
Okechukwu, 2011). The phytochemical content of this 
honey is thought to contribute the majority of its potent 
medical properties (Alzubier and Okechukwu, 2011). 
The in vitro antibacterial activity of Sidr honey was 
investigated (Alzubier and Okechukwu, 2011). The 
potent bactericidal activity of this honey against 
Staphylococcus aureus and Pseudomonas aeruginosa 
biofilms was evidenced by another recent study 
(Alandejani et al., 2009). Also, the study concluded that 
both Manuka and Sidr honeys have superior 
antimicrobial properties that surpass the activity of 
commonly used antibiotics (Alandejani et al., 2009). 
More interestingly, in addition to its antibacterial and 
anti-inflammatory activities, this honey has a variety of 
other medicinal effects such as anti-parasitic 
(Nilforoushzadeh et al., 2007), antifungal (Kacaniova et 
al., 2011), antiviral (Yaghoobi et al., 2013) and anti-
carcenogenic (Bardy et al., 2008; Jaganathan et al., 
2010) activities.  
 
Conclusion and future perspective 
For a variety of exclusive advantages, honey is 
considered an effective, safe and inexpensive topical 
treatment for management of large, intractable and open 
wounds. Benefits of using Sidr honey for the treatment 
of open acute and chronic, clean and contaminated 
wounds in both human and animals appear promising 
and further studies are recommended in both human 
and animal models. 
 
References  
 
Adams CJ, Manley-Harris M, Molan PC (2009) The 

origin of methylglyoxal in New Zealand manuka 
(Leptospermum scoparium) honey. Carbohyd Res 
344: 1050-1053. 

Adiga S, Tomar P, Rajput RR (2010) Effect of Punica 
granatum peel aqueous extract on normal and 

dexamethasone suppressed wound healing in wistar 
rats. Inter J Pharm Sci Rev Res 5: 134-140. 

Akela A, Nandi SK, Banerjee D, Das P, Roy S, Joardar 
SN, Mandal M, Das PK, Pradhan NR (2012) 
Evaluation of autologous bone marrow in wound 
healing in animal model: a possible application of 
autologous stem cells. Inter Wound J 9: 505-516. 

Al-Waili, NS (2011) Honey and microbial infections: A 
review supporting the use of honey for microbial 
control. J Med Food 14: 1079–96. 

Al-Waili N, Salom K, Al-Ghamdi A, Ansari MJ (2012) 
Antibiotic, pesticide, and microbial contaminants 
of honey: human health hazards. The Sci World J, 
article ID: 930849 

Al-Waili NS, Salom K, Al-Ghamdi AA (2011) Honey 
for wound healing, ulcers, and burns; data 
supporting its use in clinical practice. The Sci 
World J, 11: 766-787. 

Al ML, Daniel D, Moise A, Bobis O, Laslo L, 
Bogdanov, S (2009) Physico-chemical and 
bioactive properties of different floral origin 
honeys from Romania. Food Chem 112: 863-867. 

Alandejani T, Marsan J, Ferris W, Slinger R, Chan F 
(2009) Effectiveness of honey on Staphylococcus 
aureus and Pseudomonas aeruginosa biofilms. 
Otolaryngol Head Neck Surg 141: 114-118. 

Alsousou J, Thompson M, Hulley P, Noble A, Willett, 
K (2009) The biology of platelet-rich plasma and 
its application in trauma and orthopaedic surgery: a 
review of the literature. J Bone Joint Surg B, 91: 
987-996. 

Alzubier A, Okechukwu P (20110 Investigation of anti-
inflammatory, antipyretic and analgesic effect of 
Yemeni sidr honey. World Acad Sci Eng Technol 
56: 47. 

Anyanechi CE, Saheeb, BD (2015) Honey and wound 
dehiscence: A study of surgical wounds in the 
mandibular bed. Nig J Clin Prac 18: 251-257. 

Atiyeh BS, Dibo SA, Hayek, SN (2009) Wound 
cleansing, topical antiseptics and wound healing. 
Inter Wound J 6: 420-430. 

Baghel PS, Shukla S, Mathur RK, Randa R (2009) A 
comparative study to evaluate the effect of honey 
dressing and silver sulfadiazene dressing on wound 
healing in burn patients. Indian J Plastic Surg 42: 
176-181. 

Bardy J, Slevin NJ, Mais KL, Molassiotis A (2008) A 
systematic review of honey uses and its potential 
value within oncology care. J Clin Nurs 17: 2604-
2623. 

Bischofberger AS, Dart CM, Perkins NR, Dart AJ 
(2011) A preliminary study on the effect of 
manuka honey on second-intention healing of 
contaminated wounds on the distal aspect of the 
forelimbs of horses. Vet Surg 40: 898-902. 



                                                                                                Res. Opin. Anim. Vet. Sci., 2015, 5(2): 76-83. 
 

 81

Bischofberger AS, Dart CM, Perkins NR, Kelly A, 
Jeffcott L, Dart AJ (2013) The effect of short- and 
long-term treatment with manuka honey on second 
intention healing of contaminated and 
noncontaminated wounds on the distal aspect of the 
forelimbs in horses. Vet Surg 42: 154-160. 

Blair SE, Cokcetin NN, Harry EJ, Carter DA (2009) 
The unusual antibacterial activity of medical-grade 
Leptospermum honey: antibacterial spectrum, 
resistance and transcriptome analysis. Euro J Clin 
Microbiol Infec Dis 28: 1199-1208. 

Boateng JA, Matthews KH, Stenvens HNE, Eccleston 
GM (2008) Wound healing dressings and drug 
delivery systems: a review. J Pharmac Sci 97: 
2892–2923. 

Brueckner CS, Becker MO, Kroencke T, Huscher D, 
Scherer HU, Worm M, Burmester G, Riemekasten 
G (2010) Effect of sildenafil on digital ulcers in 
systemic sclerosis: analysis from a single centre 
pilot study. Ann Rheum Dis 69: 1475-1478.  

Canapp SO, Farese JP, Schultz GS, Gowda S, Ishak 
AM, Swaim SF, Vangilder J, Lee-Ambrose L, 
Martin FG (2003) The effect of topical tripeptide-
copper complex on healing of ischemic open 
wounds. Vet Surg 32: 515-23. 

Cheng PG, Phan CW, Sabaratnam V, Abdullah N, 
Abdulla MA, Kuppusamy UR (2013) 
Polysaccharides-rich extract of Ganoderma 
lucidum (M.A. Curtis: Fr.) P. Karst accelerates 
wound healing in Streptozotocin-induced diabetic 
Rats. Evid-Based Complement Altern Med, 
http://dx.doi.org/10.1155/2013/671252  

Cooke J, Dryden M, Patton T, Brennan J, Barrett J 
(2015) The antimicrobial activity of prototype 
modified honeys that generate reactive oxygen 
species (ROS) hydrogen peroxide. BMC Res 
Notes, 8: 20.  

Dai T, Tanaka M, Huang YY, Hamblin MR (2011) 
Chitosan preparations for wounds and burns: 
antimicrobial and wound-healing effects. Expert 
Rev Anti Infect Ther 9: 857–879. 

Derici H, Kamer E, Unalp HR, Diniz G, Bozdag AD, 
Tansug T, Ortac R, Erbil, Y (2010) Effect of 
sildenafil on wound healing: an experimental 
study. Langenbecks Arch Surg 395: 713-718. 

Everts PA, Mahoney BC, Hoffmann JJ, Schonberger 
JP, Box HA, van Zundert Knape JT (2006) 
Platelet-rich plasma preparation using three 
devices: implications for platelet activation and 
platelet growth factor release. Growth Factors 
24:165-171. 

Ewnetu Y, Lemma W, Birhane N (2013) Antibacterial 
effects of Apis mellifera and stingless bees honeys 
on susceptible and resistant strains of Escherichia 
coli, Staphylococcus aureus and Klebsiella 

pneumoniae in Gondar, Northwest Ethiopia. BMC 
Complem Alternative Med 13: 269. 

Farsaie S, Khalili H, Karimzadeh I, Dashti-Khavidaki S 
(2012) An old drug for a new application: potential 
benefits of sildenafil in wound healing. J Pharm 
Pharmac Sci 15: 483-498. 

Ferreira ICFR, Aires E, Barreira JCM, Estevinho LM 
(2009) Antioxidant activity of Portuguese honey 
samples: different contributions of the entire honey 
and phenolic extract. Food Chem 114: 1438-1443. 

Fluhr JW, Darlenski R, Surber C (2008) Glycerol and 
the skin: holistic approach to its origin and 
functions. Brit J Dermatolol 159: 23-34. 

Galeano M, Torre V, Deodato B, Campo GM, Colonna 
M, Sturiale A, Squadrito F, Cavallari V, Cucinotta 
D, Buemi M, Altavilla D (2001) Raxofelast, a 
hydrophilic vitamin E-like antioxidant, stimulates 
wound healing in genetically diabetic mice. Surg 
129: 467–477. 

George NM, Cutting KF (2007) Antibacterial honey 
(MedihoneyTM): in-vitro activity against clinical 
isolates of MRSA, VRE, and other multiresistant 
gram-negative organisms including Pseudomonas 
aeruginosa. Wounds 19: 231-236. 

Ghasemi S, Emami M, Maleki M, Fathi B (2009) 
Histhopathologic Evaluation of Curative Impact of 
Aloe vera L. Fresh Gel on Healing of 
Eexperimental Infected Full-Thickness Open 
Wounds Induced with Staphylococcus aureus in 
Dogs. Iran J Vet Surg 4: 103-114. 

Godlee F (2013) Antimicrobial resistance-an unfolding 
catastrophe. Br Med J 346: f1663. 

Gul NY, Topal A, Cangul IT, Yanik K (2008) The 
effects of topical tripeptide copper complex and 
helium-neon laser on wound healing in rabbits. Vet 
Dermatol 19:7-14. 

Hammad HM, Hammad MM, Abdelhadi IN, Khalifeh 
MS (2011) Effects of topically applied agents on 
intra-oral wound healing in a rat model: a clinical 
and histomorphometric study. Inter J Dental Hyg 9: 
9-16. 

Hayouni EA, Miled K, Boubaker S, Bellasfar Z, 
Abedrabba M, Iwaski H, Oku H, Matsui T, Limam 
F, Hamdi M (2011) Hydroalcoholic extract based-
ointment from Punica granatum L. peels with 
enhanced in vivo healing potential on dermal 
wounds. Phytomedicine 18: 976-984. 

Hedlund CS (2007) Surgery of the integumentary 
system, In:  Fossum, TW, Hedlund, C S, Johnson,  
A. L (Ed.) Small Animal Surgery. Mosby Elsevier, 
St. Louis, pp: 159-259. 

Jaganathan SK, Mondhe D, Wani ZA, Pal HC, Mandal 
M (2010) Effect of honey and eugenol on Ehrlich 
ascites and solid carcinoma. J Biomed Biotechnol, 
article ID: 989163. 



                                                                                                Res. Opin. Anim. Vet. Sci., 2015, 5(2): 76-83. 
 

 82

Jamshidzadeh A, Azarpir N (2011) The Effects of 
topical sildenafil on wound healing in rats. Iran J 
Pharmaceut Sci 7: 43-48. 

Jenkins R, Burton, N, Cooper R (2014) Proteomic and 
genomic analysis of methicillin- resistant 
Staphylococcus aureus (MRSA) exposed to 
manuka honey in vitro demonstrated down-
regulation of virulence markers. J Antimicrob 
Chemoth 69: 603-615. 

Jervis-Bardy J, Foreman A, Bray S, Tan L, Wormald PJ 
(2011) Methylglyoxal-infused honey mimics the 
anti-Staphylococcus aureus biofilm activity of 
manuka honey: potential implication in chronic 
rhinosinusitis. Laryngoscope 121: 1104-1107. 

Jettanacheawchankit S, Sasithanasate S, Sangvanich P, 
Banlunara W, Thunyakitpisal P (2009) Acemannan 
stimulates gingival fibroblast proliferation; 
expressions of keratinocyte growth factor-1, 
vascular endothelial growth factor, and type I 
collagen; and wound healing. J Pharmacol Sci 109: 
525-531. 

Kacaniova M, Fatrcova-Sramkova K, Nozkova J, 
Melich M, Kadasi-Horakova M, Knazovicka V, 
Felsociova S, Kunova S, Mariassyova M (2011) 
Antiradical activity of natural honeys and 
antifungal effect against Penicillium genera. J 
Environ Sci Health B 46: 92-96. 

Kamer E, Unalp HR, Gundogan O, Diniz G, Ortac R, 
Olukman M, Derici H, Onal MA (2010) Effect of 
ascorbic acid on incisional wound healing in 
streptozotocin-induced diabetic rats. Wounds 2: 
27-31. 

Kandemir FM, Sagliyan A, Ozkaraca M, Gunay C, Han 
MC, Benzer F (2013) Effects of oral 
administrations of pomegranate seed extract on 
surgical wound healing in rabbits. Revue Médicina 
Vét 164: 400-408. 

Kwakman PH, de Boer L, Ruyter-Spira CP, Creemers-
Molenaar T, Helsper JP, Vandenbroucke-Grauls 
CM, Zaat SA, te Velde, AA (2011a) Medical-grade 
honey enriched with antimicrobial peptides has 
enhanced activity against antibiotic-resistant 
pathogens. Euro J Clin Microbiol Infec Dis 30: 
251-257. 

Kwakman PH, Te Velde AA, de Boer L, 
Vandenbroucke-Grauls CM, Zaat SA (2011b) Two 
major medicinal honeys have different mechanisms 
of bactericidal activity. PLoS One 6: e17709. 

Kwakman PH, Van den Akker JP, Guclu A, Aslami H, 
Binnekade JM, de Boer L, Boszhard L, Paulus F, 
Middelhoek P, te Velde AA, Vandenbroucke-
Grauls CM, Schultz, MJ, Zaat SA (2008) Medical-
grade honey kills antibiotic-resistant bacteria in 
vitro and eradicates skin colonization. Clin Infec 
Dis 46: 1677-1682. 

Lacci K M, Dardik A (2010) Platelet-Rich Plasma: 
Support for Its Use in Wound Healing. Yale J Biol 
Med 83: 1-9. 

Lansdown AB, Mirastschijski U, Stubbs N, Scanlon E, 
Agren MS (2007) Zinc in wound healing: 
theoretical, experimental, and clinical aspects. 
Wound Repair Regenerat 15: 2-16. 

Lay-flurrie K (2008) Honey in wound care: effects, 
clinical application and patient benefit. Br J 
Nursing 17: S30-S32. 

Leong AG, Herst PM, Harper JL (2012) Indigenous 
New Zealand honeys exhibitmultiple anti-
inflammatory activities. Innate Immun 8: 459-466. 

Li HL, Chen LP, Hu YH, Qin Y, Liang G, Xiong YX, 
Chen QX (2012) Crocodile oil enhances cutaneous 
burn wound healing and reduces scar formation in 
rats. Acad Emerg Med, 19: 265-273. 

Lin TS, Abd Latiff A, Abd Hamid NA, Wan Ngah WZ, 
Mazlan M (2012) Evaluation of topical tocopherol 
cream on cutaneous wound healing in 
streptozotocin-induced diabetic rats. Evid-Based 
Complement Alternt Med article ID 491027. 

 Majtan J, Majtanova L, Bohova J, Majtan V (2011) 
Honeydew honey as a potent antibacterial agent in 
eradication of multi-drug resistant 
Stenotrophomonas maltophilia isolates from cancer 
patients. Phytother Res 25: 584-587. 

Mehta S, Watson JT (2008) Platelet rich concentrate: 
basic science and current clinical applications. J 
Orthop Trauma 22:432–438. 

Mardas N, Kraehenmann M, Dard M (2012) 
Regenerative wound healing in acute degree III 
mandibular defects in dogs. Quintessence Inter 43: 
e48-59. 

Mavric E, Wittmann S, Barth G, Henle, T (2008) 
Identification and quantification of methylglyoxal 
as the dominant antibacterial constituent of 
Manuka (Leptospermum scoparium) honeys from 
New Zealand. Mol Nutr Food Res 52: 483-489. 

Mekala S, Kumar MN, Das L, Shetty N, Amuthan A, 
Vulli V, Bhogireddy N (2014) Evaluation of 
wound healing activity of ethanolic extract of 
Lantana camara in streptozotocin induced diabetic 
rats. Inter J Pharm Pharmac Sci 6: 631-633. 

Mohd Zohdi R, Abu Bakar Zakaria Z, Yusof N, 
Mohamed Mustapha N, Abdullah MN (2012) 
Gelam (Melaleuca spp.) Honey-Based Hydrogel as 
Burn Wound Dressing. Evid-Based Complement 
Altern Med article ID: 843025. 

Molan, PC (2006) The Evidence Supporting the Use of 
Honey as a Wound Dressing. Lower Extremity 
Wounds, 5: 40–54.  

Musalmah M, Nizrana MY, Fairuz AH, NoorAini AH, 
Azian AL, Gapor MT, Wan Ngah WZ (2005) 
Comparative effects of palm vitamin E and α-



                                                                                                Res. Opin. Anim. Vet. Sci., 2015, 5(2): 76-83. 
 

 83

tocopherol on healing and wound tissue antioxidant 
enzyme levels in diabetic rats. Lipids 40: 575–580. 

Nakajima Y, Nakano Y, Fuwano S, Hayashi N, 
Hiratoko Y, Kinoshita A, Miyahara M, Mochizuki 
T, Nishino K, Tsuruhara Y, Yokokawa Y, Iuchi T, 
Kon Y, Mukai K, Kitayama Y, Murakado N, 
Okuwa M, Nakatani T (2013) Effects of three types 
of Japanese honey on full-thickness wound in 
mice. Evid-Based Complement Altern Med article 
ID: 504537. 

Nayak BS, Raju SS, Eversley M, Ramsubhag A (2009) 
Evaluation of wound healing activity of Lantana 
camara L. - a preclinical study. Phytoth Res 23: 
241-245. 

Nilforoushzadeh MA, Jaffary F, Moradi S, Derakhshan 
R, Haftbaradaran E (2007) Effect of topical honey 
application along with intralesional injection of 
glucantime in the treatment of cutaneous 
leishmaniasis. BMC Complement Altern Med 7: 
13.  

Noor Aini AH, Illyana I, Wan Zurinah WN, Gapor MT, 
Musalmah M (2003) Relationship between 
antioxidant enzymes activity with wound closure 
and effects of palm vitamin E supplementation 
during aging. Malays J Biochem Molecul Biol 8: 
59–63. 

Ong SY, Wu J, Moochhala SM, Tan MH, Lu, J (2008) 
Development of a chitosan-based wound dressing 
with improved hemostatic and antimicro-bial 
properties. Biomaterials 29: 4323-4332. 

Petrova N, Edmonds M (2006) Emerging drugs for 
diabetic foot ulcers. Expert Opin Emerg Drugs 11: 
709–724. 

Reddy NM (2013) Lantana Camara Linn. Chemical 
Constituents and Medicinal Properties: A Review. 
Scholars Academic J Pharm 2: 445-448. 

Saegeman VS, Ectors NL, Lismont D, Verduyckt B, 
Verhaegen J (2008) Short- and long-term bacterial 
inhibiting effect of high concentrations of glycerol 
used in the preservation of skin allografts. Burns 
34: 205-211. 

Sandeep K, Maiti SK, Naveen K, Sams-uz-Zama MM, 
Ravindran NA, Balwada AK, Mathew DD (2014) 
Effect of medical grade chitosan powder in full 

thickness skin wound healing in rat model. Adv 
Anim Vet Sci 2: 270-276. 

Sell SA, Wolf PS, Spence AJ, Rodriguez IA, McCool 
JM, Petrella RL, Garg K, Ericksen JJ, Bowlin, GL 
(2012) A preliminary study on the potential of 
manuka honey and platelet-rich plasma in wound 
healing. Inter J Biometeorol 14: ID: 313781. 

Simon A, Traynor K, Santos K, Blaser G, Bode U, 
Molan, P (2009) Medical honey for wound care--
still the 'latest resort'? Evid-Based Complement 
Altern Med 6: 165-173. 

Stout EI, McKessor, A (2012) Glycerin-Based 
Hydrogel for Infection Control. Adv Wound Care 
1: 48-51. 

 Swaim SF, Vaughn DM, Kincaid SA, Morrison NE, 
Murray SS, Woodhead MA, Hoffman CE, Wright 
JC, Kammerman JR (1996) Effect of locally 
injected medications on healing of pad wounds in 
dogs. Am J Vet Res 57:394-9. 

Swaim S, Bohling, M (2008) Advances in small animal 
wound management. Vet Focus 18: 17-23. 

Tan MK, Hasan Adli DS, Tumiran MA, Abdulla MA, 
Yusoff KM (2012) The efficacy of gelam honey 
dressing towards excisional wound healing. Evid-
Based Complement Alter Med article ID: 805932. 

Thomas GW, Rael, LT, Bar-Or, R, Shimonkevitz, R, 
Mains, CW, Slone, DS, Craun, ML, Bar-Or, D 
(2009) Mechanisms of delayed wound healing by 
commonly used antiseptics. J Trauma 66: 82-91. 

Voicu G, Oprea O, Vasile BS, Andronescu E (2013) 
Antibacterial activity of zinc oxide gentamicin 
hyprid material. Dig J Nanomater Bios 8: 1191-1203. 

Wang JHC, Thampatty BP, Lin JS, Im HJ (2007) 
Mechanoregulation of gene expression in 
fibroblasts. Gene 391: 1-15. 

Yaghoobi R, Kazerouni A, Kazerouni O (2013) 
Evidence for Clinical Use of Honey in Wound 
Healing as an Anti-bacterial, Anti-inflammatory 
Anti-oxidant and Anti-viral Agent: A Review. 
Jundishapur J Nat Pharmac Prod 8: 100-104. 

Yolanda MM, Maria AV, Amaia FG, Marcos PB, Silvia 
PL, Dolores E, Jesus OH (2014) Adult Stem cell 
therapy in chronic wound healing. J Stem Cell Res 
Ther 4: 162. 

 


