
Abstract
	 Honey is a sweet, flavourful liquid substance with several beneficial constituents. Extensive 
research has shown the therapeutic promise of the use of honey in enhancing health values and 
improving body systems. This manuscript documents the ancient medicinal uses of honey and 
provides evidence-based data demonstrating its benefits in animal models, patients, and healthy 
individuals. Several reports by various researchers are discussed regarding health indices and 
biomarkers used following apitherapy. These include physiological processes in virtually all animal 
and human organs. The responses of body systems after oral and systemic administration of honey 
are also mentioned. Honey is also evaluated for its wide acceptability as a complementary and 
alternative medicine for most ailments. All types of honey exhibit different biochemical activities 
and show greater variability in their potency as apitherapeutic agents than conventional medicines. 
The mechanisms of action conferring honey’s protective effects, as suggested by various authors, are 
documented. These entail synergistic interaction of the bioactive physical and chemical constituents 
of honey to produce the desired beneficial effects. The use of apitherapy in synergy with chemotherapy 
to manage microbial and cancer ailments is also helpful in reducing drug-induced cytotoxicity. The 
mechanistic insights into the overall protective, preventive, and therapeutic effects of honey portend 
the presence of a unique factor, a ‘synergistic multiple ingredients factor’, designated SMIF.

Keywords:	 honey, therapeutic, bioactivity, phytochemical, nutraceutical, apitherapy, health, diabetes mellitus, 
hypertension, medicine

Introduction

	 Natural honey can be defined as a sweet, 
flavourful liquid substance of high nutritional 
value and immense therapeutic benefit (1). This 
natural product is produced mainly by bees 
from the secreted nectars of various flowers; 
this type is regarded as blossom or floral honey. 
A less common type, honeydew or forest honey, 
is produced from the exudates of plant sucking 
insects called aphids. Natural honey has more 
than 300 constituents, but its main composition 
is sugars, primarily fructose and glucose, with 
small amounts of fructo-oligosaccharides (1,2). 
The contents of raw honey vary in different 
geographical locations. These compositional 
varieties are greatly influenced by the botanical 
origin of the honey, which is a consequence 
of the diet of the bees. It is noteworthy that, 
irrespective of its floral source, honey contains 
phytochemicals, flavonoids, catalase, phenolic 
acids, ascorbic acid, antibiotic-rich inhibine, 
tocopherols, and peptides, and most of these 
substances work in synergy to provide its beneficial 

effects (1–3). The other substances identified 
in natural honey include proteins, amino acids, 
enzymes (amylase, catalase, invertase, oxidase), 
and vitamins (including niacin, riboflavin, and 
pantothenic acid), as well as minerals (mainly 
calcium, copper, iron, magnesium, manganese, 
phosphorus, potassium and zinc) (3,4). Some of 
these macro and micronutrients found in natural 
honey, as documented in previous reviews by 
Eteraf-Oskouei and Najafi (1) and by Ajibola et al. 
(5) with modifications by Ajibola (6), are listed in 
Table 1. The other chemical components of honey 
also identified by these reviewers (1,5), with inputs 
from Rashed and Soltan (4), are shown in Table 2.
	 The oral consumption of raw honey by man 
has been in vogue for centuries. An abundance 
of reports confirm that pure natural honey is 
the most ancient sweetener and has been in 
use since antiquity (1). The numerous bioactive 
substances found in honey interact uniquely 
and work in synergy to contribute to SMIF (6); 
thus, honey serves as a complementary and 
alternative medicine (CAM) for most diseases. 
The traditional and therapeutic use of NH has 
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been to abate infections, mitigate ailments, give 
health benefits to patients, and provide succour to 
healthy individuals (5–7). 
	 The wide acceptability and successful use 
of honey as a CAM and apitherapeutic agent 
has prompted several studies aimed at gaining 
some scientific insights and generating evidence-
based data. Collation of some of these scattered 

data is also required for further investigation 
of honey’s nutraceutical properties and its 
relevance in modern day health care. Hence, the 
documentation of the known medicinal uses of 
honey in one manuscript becomes imperative for 
providing further insight into the apitherapeutic 
and health values of natural honey.

Table 1: Some macro and micro nutrients of natural honey (Mean(SD))*
Proximate analyses Amount Proximate analyses Amount
Water (%) 15.92 (SD 0.07) Protein (%) 0.42 (SD 0.06)
Carbohydrate (g/100g) 88.97 (SD 1.71) Fat (%) 0.53 (SD 0.01)
Fructose (g/100g) 43.35 (SD 0.02) Thiamine (mg/100g) 0.01 (SD 0.00)
Glucose (g/100g) 37.64 (SD 0.01) Riboflavin (mg/100g) 0.02 (SD 0.00)
Sucrose (g/100g) 2.03 (SD 0.05) Niacin (mg/100g) 0.15 (SD 0.01)
Maltose (g/100g) 2.75 (SD 0.02) Vitamin B5 (mg/100g) 0.07  (SD 0.03)
Oligosaccharides (g/100g) 3.11 (SD 0.08)   Pyridoxine (mg/100g) 0.17 (SD 0.02)
Erlose (g/100g) 0.81 (SD 0.06) Folic acid (mg/100g) 0.006 (SD 0.00)
Melezitose (g/100g) 0.09 (SD 0.03) Ascorbic acid (mg/100g) 2.35 (SD 0.25)
Glycaemic sugars (%) 76.71 (SD 1.55) Vitamin K (mg/100g) 0.025 (SD 0.00)
Energy (MJ/Kg) 15.56 (SD 0.21) Other nutrients (%) 0.53 (SD 0.00)
*Adapted from Eteraf-Oskouei  and Najafi (1), Ajibola et al. (5), Ajibola (6).

Table 2: Chemical elements found in natural honey*
Element Amount Element Amount
Aluminium (Al) 0.01 – 2.4 Magnesium (Mg) 0.7 – 13
Arsenic (As) 0.014 – 0.026 Manganese (Mn) 0.02 – 2
Barium (Ba) 0.01 – 0.08 Molybdenum (Mo) 0 – 0.004
Boron (B) 0.05 – 0.3 Nickel (Ni) 0 – 0.051
Bromine (Br) 0.4 – 1.3 Phosphorus (P) 2 – 15
Cadmium (Cd) 0 – 0.001 Potassium (K) 40 – 3500
Calcium (Ca) 3 – 31 Rubidium (Rb) 0.040 – 3.5
Chlorine (Cl) 0.4 – 56 Selenium (Se) 0.002 – 0.01
Chromium (Cr) 0.01 – 0.3 Sodium (Na) 1.6 – 17
Cobalt (Co) 0.1 – 0.35 Silicon (Si) 0.05 – 24
Copper (Cu) 0.02 – 0.6 Strontium (Sr) 0.04 – 0.35
Fluoride (F) 0.4 – 1.34 Sulphur (S) 0.7 – 26
Iodide (I) 10 – 100 Vanadium (V) 0 – 0.013
Iron (Fe) 0.03 – 4 Zinc (Zn) 0.05 – 2
Lead (Pb) 0.001 – 0.03 Zirconium (Zr) 0.05 – 0.08
Lithium (Li) 0.225 – 1.56
*Data in mg/100g, Adapted from Eteraf-Oskouei  and Najafi (1), Rashed and Soltan (4), Ajibola et al. (5).
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Haematology

	 The daily intake of natural honey is associated 
with various beneficial effects on haematological 
parameters and blood concentrations of metabolic 
catalysts, namely enzymes and minerals (7). The 
use of natural honey in apitherapy has been shown 
to ameliorate anaemic effects, thereby providing 
succour to patients. One dietary enrichment study 
(8) confirmed an enhanced haematological value 
in adult rats fed Nigerian Jungle honey when 
compared to controls. The authors found improved 
haemoglobin concentration, elevated red blood 
cell counts and enhanced haematocrit values in 
the raw honey eaters. In a similar experimental 
study from another laboratory, Chepulis (9), also 
reported improved haematological profiles and 
immunity boost in rats nurtured with 10% New 
Zealand forest honey as a dietary supplement. 
This researcher also documented a higher 
lymphocyte count and enhanced phagocytosis by 
neutrophils in rats fed natural honey relative to 
control rats. This aligns with a previous study that 
verified that prebiotics can improve immunity 
(10) and that honey contains oligosaccharides 
and other prebiotics (1). In a clinical trial in 
California, human participants given either of 
two honey treatments in showed the benefits of 
haematoprotection and enhanced haematopoiesis 
(11). In addition, natural honey has immuno-
protective ingredients. According to Al-Waili and 
Haq (12), the oral consumption of Asian polyfloral 
honey from Al-Theed City, UAE stimulates and 
increases antibody production during various 
immune responses against the T-cells antigens of 
the thymus- independent and dependent origin.

Dental Effect

	 The oral use of raw honey can positively 
influence dental health and oral wellness, and 
is assuming importance during dental surgery 
(13). A very recent article indicates that the use of 
Asian polyfloral honey as an apitherapeutic agent 
mitigates pain associated with tooth extraction 
and prevents oral infections, such as gingivitis and 
dental caries, in patients undergoing orthodontic 
treatment (13). According to Mohapatra et al. (14), 
raw and processed honey have a broad-spectrum 
antibacterial activity with high potential for the 
reduction of dental caries susceptibility (13,14). In 
addition to the carioprotective potential of New 
Zealand manuka honey, English et al. (15) report, 
and Atwa et al. (13) concur, that this natural 
product prevents dental plaque and gingivitis 

as well as other oral ailments. The report from 
Steinberg and co-researchers also show that raw 
honey is non-cariogenic or less cariogenic than 
sugar (16).
	 Natural honey is not only non-cariogenic, but 
is also anti-cariogenic, as shown by Khamverdi 
and co-workers, who evaluated the antibacterial 
potency of Iranian honey (17) in apitherapy. 
The oral health effect of honey is due to its 
antibacterial potential, which prevents bacterial 
growth, thereby mitigating the pathogenesis of 
dental caries (13,16). In addition, recent research 
shows that eating raw honey is safe and does not 
give rise to oral health hazards such as gingivitis 
and periodontal disease (15). In this study (15), 
volunteers who chewed New Zealand manuka 
honey as “honey leather” had highly significant 
reductions in mean plaque scores (0.99 reduced 
to 0.65; P = 0.001) compared to the control group, 
suggesting a potential therapeutic role for honey 
in oral health.
	 As discussed in previous studies, the non-
cariogenic potential of honey might be due to the 
protective role of honey’s synergistic constituents 
(1,5,6). These chemical substances include 
calcium, fluoride, phosphorus and other colloidal 
constituents of honey. In summary, honey is 
a potent analgesic agent in dental surgery, in 
addition to its nutraceutical value when consumed 
by individuals and/or used as an apitherapeutic 
agent in the management of patients with oral 
ailments.

Eye Disorders

	 The therapeutic use of natural honey in the 
treatment and management of eye ailments is 
on record. The ancient use of honey as curative 
substance for eye diseases cuts across geographical 
barriers, and involves people from Attica, Europe, 
India, Asia and Africa (18–20). In India, the 
indigenous population still continues the use of 
floral honey as an apitherapeutic ointment to cure 
eye diseases to date (19). The efficacy of honey as 
a potent apitherapeutic agent in the management 
of eye infections was also recently shown by 
Salehi and co-workers, in their clinical trial on 
vernal keratoconjunctivitis patients (21). These 
authors show the relevance of natural honey in 
modern ophthalmology by documenting effective 
treatment of these patients by topical honey 
application. The African people in Mali also used 
natural honey for therapeutic control of measles 
(18). Natural honey was mostly applied on the 
eyes for the prevention of the corneal scarring 
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sequelae of measles and other eye infections (19–
22).
	 Clinical trials involving more than 100 
patients harbouring various ophthalmological 
pathologies, including blepharitis, conjunctivitis 
and keratitis, showed unresponsiveness to 
conventional treatment. This prompted the topical 
administration of different types of honey, which 
resulted in astounding successful healing (21,22). 
In an extensive review on why honey is effective 
as a medicine, various honey types were noted as 
potent agents of apitherapy for ophthalmology in 
Asia and Eastern Europe (22). According to the 
findings reported in the reviewed manuscripts, the 
antimicrobial and anti-inflammatory properties 
of honey are highly beneficial in the treatment 
of different eye ailments. These ailments could 
be caused by chemical and thermal injuries to 
the eyes, as well as by conjunctival and corneal 
infections (21,22).
	 The apitherapeutic use of varieties of honey 
in the field of ophthalmology is comprehensively 
discussed by Ajibola et al. (5) in a review on the 
nutraceutical value of honey. The ophthalmological 
effects of natural honey mentioned by these 
researchers in their recent discourse are further 
elaborated above as honey therapy against 
various eye pathologies. This current review 
aligns with the extensive study by Ajibola et al. 
(5) that documented the efficacy of honey in the 
traditional and orthodox management of eye 
infections, including blepharitis, conjunctivitis, 
keratitis, measles, and corneal opacity

Cardiovascular Diseases

	 The oral administration of medical honey 
abates cardiovascular risk factors in animal 
models, human participants, susceptible healthy 
individuals, and patients (23–26). Inferences 
drawn from these studies suggest that, in contrast 
to refined sugars, patients with heart ailments can 
consume this natural sweetener, honey, without 
any health hazard (25,27). Other studies involving 
animal models and human participants nurtured 
with natural honey relative to controls (fed a 
fructose/sucrose mixture) report higher blood 
concentrations of antioxidants, which reduce the 
risk of development of cardiovascular diseases 
(23,25,26).
	 In 2012, some nutritional physiologists 
performed a comparative study in male 
rats fed sugar or South African monofloral 
sunflower honey (27). They found that excessive 
sugar consumption significantly (P < 0.05) 

elevated blood concentrations of circulating 
substrates (glucose and triglycerides) amidst 
several pathological changes, including 
hypercholesterolaemia, hyperinsulinaemia, and 
hepatomegaly, and significantly increased (P < 
0.001) visceral adiposity and fat molecules in the 
liver (27). These risk factors of cardiovascular 
diseases were not seen in the honey-fed rats 
during the study. The absence of these pathologies 
confirms the cardioprotective capability of 
sunflower honey; thus, natural honey intake is 
devoid of health hazards (5,27). These results 
justify the conclusion that eating natural honey 
instead of artificial sugars has health benefits 
(23). Experimental procedures and clinical 
trials also affirm the apitherapeutic value and 
the significance of eating honey in mitigating 
cardiovascular ailments, as shown by health 
index records (25,26). Gharekhani et al. (24) give 
credence to this affirmation in their test of the 
efficacy of natural honey on cardiac arrhythmias 
and infarct size when it is used during ischemia in 
isolated rat hearts.
	 Hypertension and diabetes mellitus 
are important risk factors in patients with 
cardiovascular diseases. The apitherapeutic 
and beneficial effects of Malaysian honey have 
been demonstrated in animal models with 
hypertension alone (28), or with hypertension 
and diabetes (29), as well as those of Nigerian 
Jungle honey in a clinical trial involving healthy 
human participants (30). This cardiovascular 
section can be concluded with the ‘cure all’ claim 
associated with therapeutic potency of honey, as 
the literature search shows its positive influence 
as an apitherapeutic agent on various body organs 
and systems, ranging from the body metabolic 
sites (e.g., the liver) to the heart, kidney, blood 
and gastrointestinal tract.

Metabolic Effects

	 Natural honey is also beneficial as a 
glycaemic food in maintaining blood-sugar 
concentration (31,32). Several studies show that 
oral consumption of varieties of honey abates 
metabolic disorders in animal models, patients 
and susceptible healthy individuals (25,31–33). 
In one dietary supplementation study, male and 
female rodents were fed diets enriched with either 
South African sunflower honey or liquid sugar from 
7 days old to 13 weeks of age in order to compare 
their metabolic health and to document the effects 
of natural honey against metabolic dysfunction 
and/or syndrome (6). Metabolic syndrome is 
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a condition characterized by central obesity, 
hyperglycaemia, hypertension and dyslipidaemia, 
and thus increased susceptibility to diabetes 
mellitus and other metabolic ailments (34). In male 
rodents, sugar significantly (P < 0.05) elevates the 
blood concentrations of glucose and triglycerides 
and promotes enhanced visceral adiposity, 
hypercholesterolaemia, hyperinsulinaemia, 
hepatomegaly, and accumulation of fat droplets 
in the liver (31). These risk factors, which are 
associated with metabolic dysfunctions, were 
not seen in the honey-nurtured or in female 
rodents in this trial, which indicated the health 
potentials of monofloral sunflower honey. These 
results confirm the conclusion drawn from one 
study done elsewhere, by Busserolles and other 
researchers, that eating natural honey instead of 
artificial sugars has health benefits (23). The trials 
involving animal models and human participants 
also affirm the apitherapeutic value of medicinal 
honey in the management and control of metabolic 
diseases. Several biomarkers confirm this, 
including reduction in the plasma concentrations 
of total cholesterol and low density lipoprotein 
(LDL)-cholesterol (23,25,26); triglycerides 
(25,26), and glucose in healthy humans, as well as 
in patients with diabetes mellitus and C-reactive 
protein (23,25,26,32) and patients with elevated 
blood concentrations of high density lipoprotein 
(HDL)-cholesterol (23,25,26). 
	 Unlike artificial sugars, this natural 
sweetener, honey, can be consumed by diabetic 
patients with beneficial results (25,32,33). 
However, there is need for caution and honey 
consumers, especially diabetic patients, should 
still be wary of possibilities for health hazard(s). 
As mentioned by Ajibola and colleagues in their 
study on the nutraceutical value of honey and 
contributions to human health, honey, like any 
other products with human involvement, is not 
devoid of contamination and adulteration (5). 
Some apiculturists feed the bees in their colonies 
with refined sugars, while some honey vendors even 
engage in the crude, inimical, and unwholesome 
practice of direct honey adulteration with sugars 
and other artificial sweeteners (5,6,33). As such, if 
diabetic patients consume a honey sample that is 
adulterated with as high as 70% artificial sugars, 
their health conditions may deteriorate.
	 In one study, Bahrami and colleagues 
showed that eating honey by certain diabetic 
patients can worsen glycaemic control (35). 
Erejuwa provides possible explanations for such 
a potential negative effect of honey in diabetic 
patients (33), including the ingestion of higher 

than pharmacological doses of honey without 
therapeutic monitoring and/or consumption of 
honey with a low fructose: glucose ratio, as used 
in Bahrami’s clinical trial (33,35). Hence, natural 
honey should be provided in its genuine, original 
state and administered at appropriate therapeutic 
doses for desired positive results. Nonetheless, 
the metabolic effects of natural honey seen in 
evidence-based data, including studies on diabetic 
rodents and human patients, can be described as 
beneficial apitherapy, since only one out of several 
documents report any detrimental response from 
honey-fed diabetic patients.

Antimicrobial & Antiparasitic Effects

	 The antimicrobial potential of natural honey 
is the most widely investigated apitherapy, 
alongside its use in wound management. To date, 
several studies have been conducted on different 
bacterial species to investigate the antibacterial 
properties of honey from different geographical 
locations of the world (2,5,13,36–40). Most 
bacteria, viruses and fungi are sensitive to 
medicinal honey, as it is a very effective broad-
spectrum antimicrobial agent (1,2,3,6,41,42). 
Researchers have demonstrated the antimicrobial 
activity of natural honey against Bacillus subtilis, 
Escherichia coli, Pseudomonas aeruginosa 
and Staphylococcus aureus, as well as other 
Gram-positive and Gram-negative bacteria 
(2,3,13). These authors opine that the formation 
of hydrogen peroxide (H2O2) enhances the 
antibacterial capability of honey.
Glucose + H2O + O2 --------Gluconic acid + H2O2

	 Hydrogen peroxide is produced through the 
action of enzymes, mainly glucose oxidase, in 
natural honey. The hypopharyngeal gland of the 
bee facilitates the enzymatic secretion of glucose 
oxidase into the nectar of flowers during honey 
production (3), (39). In general, apitherapeutic 
investigations on the antibacterial activities of 
honey show both bacteriostatic and bactericidal 
effects (13), and these could be due to peroxide and 
non-peroxide constituents of honey (39,40,43).
	 Treatment with natural honey is also of 
therapeutic value against Candida albicans, 
Leishmania parasites, Trichophyton 
mentagrophytes, and influenza and rubella 
viruses, as well as other pathogenic microbes 
(2,5,13,41,42). In addition, other studies also 
document the anti-mycotic effects of honey 
(22,37,43). Cutaneous and superficial fungal 
infections, like athlete’s foot and ringworm, 
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are sensitive to apitherapy. This sensitivity 
partially results from fungal growth inhibition 
and is partially due to prevention of secondary 
infection by opportunists like bacteria (22,36). 
Many microorganisms and parasites sensitive to 
natural honey have been identified by different 
researchers (2,3,5,12–14,22,36,39,41,44) as 
shown in Table 3. 
	 Note that, in addition to its antimicrobial 
effect, the nematicidal potential of natural 
honey has also been demonstrated on the 
model nematode, Caenorhabditis elegans (44). 
Honey from different botanical origins shows 
nematicidal capability against the developmental 
stages of this worm. This antiparasitic action of 
honey could be due to reproductive anomalies 
seen as defects in laying and hatching of eggs by 
the parasite. The nematicidal activity of honey 
is so high that dilution does not affect honey’s 
apitherapeutic potency. Thus, if the concentration 
of honey is reduced to about 0.03%, it will still 

cause profuse defects in the nematode’s eggs, 
while about 6% concentrated honey is required 
to cause abnormalities during the hatching of the 
eggs. According to these authors, the main sugar 
constituents of honey did not contribute to the 
nematicidal activity; instead, this activity could 
be due to the bioactivity of other constituents 
manifesting as ‘synergistic multiple ingredient 
factors’ (6,44).
	 The various studies discussed in this section 
show that diluted and/or undiluted natural honey 
has antiseptic, anthelminthic and antimicrobial 
(antibacterial, antimycobacterial, antimycotic, 
antiparasitic, antiviral) activities when used alone; 
while it shows enhanced antipathogenic potency 
when apitherapy is combined with chemotherapy. 
This synergistic potency was shown in an in 
vitro study by Watanabe et al. (41) using New 
Zealand manuka honey in combination with 
antiviral chemotherapeutic agents (zanamivir or 
oseltamivir) against influenza virus. The reports 

Table 3: Some microorganisms and parasites sensitive to natural honey*
Actinomyces pyogenes Nocardia asteroids
Bacillus anthracis Proteus species
Caenorhabditis elegans Pseudomonas aeruginosa
Campylobacter coli Rubella virus
Campylobacter jejuni Salmonella cholerae-suis 
Candida albicans Salmonella typhi 
Corynebacterium diphtheria Salmonella typhimurium 
Echinococcus parasite Serrata marcescens
Enterococcus avium Shigella species
Enterococcus faecalis Staphylococcus aureus
Enterococcus faecium Stenotrophomonas maltophilia
Enterococcus raffinosus Streptococcus agalactiae
Epidermophyton floccosum Streptococcus dysgalactiae 
Escherichia coli Streptococcus  faecalis uberis
Haemophilus influenza Streptococcus  mutans
Helicobacter pylori Streptococcus  pneumonia
Influenza virus Streptococcus  pyogenes
Klebsiella pneumonia Streptococcus  uberis
Leishmania parasite Trichophyton mentagrophytes
Microsporum canis Trichophyton tonsurans
Microsporum gypseum Trichophyton rubrum
Mycobacterium tuberculosis Vibrio choleriae
*Adapted from Alvarez-Suarez et al. (2), Olaitan et al. (3), Ajibola et al. (5), Al-Waili and Haq (12), Atwa et al. (13), Mohapatra et 
al. (14), Molan (22), Basualdo et al. (36), Vit and Huq (39), Watanabe et al. (41), Sajid and Azim (44).
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of potent inhibitory activity by these authors 
demonstrate a potential enhanced apitherapeutic 
value of honey.

Apitherapy & Chemotherapy of 
Wounds

	 Medical honey is an antiseptic agent, effective 
against burns, ulcers (including recalcitrant 
ones), surgical wounds (even when infected), 
fungating wounds, pressure sores, and cancer 
or broken skin (42). According to an expert, 
applying honey topically as dressings in surgical 
patients was successful where conventional 
treatments (including radiation therapy) failed 
to produce the desired results (42). In one study, 
Ajibola (45) also obtained excellent results from 
experimentally created surgical wounds in West 
African Dwarf (WAD) goats treated with Nigerian 
Jungle honey as an apitherapeutic agent. The 
researcher documented epithelialisation and 
enhanced contraction of the honey treated 
wounds when compared with untreated wounds. 
	 An abundance of evidence supports the topical 
application of medical honey for different types 
of wounds. These include apitherapeutic studies 
involving the use of honey in hospital surgical 
wards and laboratory experimentation (45–47). 
The presence of various bioactive substances in 
honey (2,4,48) gives rise to its different biological 
properties (5,6) promoting wound healing amidst 
other several protective effects, as shown by 
molecular evidence from several studies (39,49–
51). Comprehensive overviews of the effects of 
honey on various types and classes of wounds 
are available in Molan’s popular treatise: “Why 
honey is effective as a medicine” (22), and a recent 
publication by Ajibola (42) titled:  “Physiological 
effects of natural honey on wounds in animals.”
	 The apitherapeutic use and application of 
honey for wound care also involves paediatric 
patients (51). Honey causes enhanced 
epithelialisation and minimises scar formation 
with an anti-microbial effect. These researchers 
opine that medical honey is a safe and natural 
substance that induces wound healing at a greater 
rate than conventional methods of treatment.
	 The key findings for the use of honey in wound 
management are intertwined with those of the 
previous section (Antimicrobial & antiparasitic 
effects). These entail wound dressing with honey 
as an age-long practice, pre-dating antibiotic 
use (22,42). Honey is a potent broad-spectrum 
antibacterial agent, with both bacteriostatic 
and bactericidal properties (hydrogen peroxide, 

antioxidants, lysozyme, polyphenols, phenolic 
acids, flavonoids, methylglyoxal and bee 
peptides) higher than those of conventional 
drugs (1,14,40,43). Antibiotic-resistant microbes 
are sensitive to honey treatment (38–40); 
Medical grade wound honey care creams, gels, 
impregnated gauzes and dressings for wound 
management have been developed for public use 
(39,42). Minor cuts, bruises, chronic ulcers, burns, 
diabetic foot, gangrene, oncological wounds and 
other wounds, such as those caused by surgical 
removal of tumours, radiotherapy, and mucositis 
sequelae to chemotherapy, have been successfully 
treated with honey (22,39,42).
	 These various beneficial effects of apitherapy 
involve several mechanisms, as suggested by 
different workers (1,22,39,42),   using varieties 
of honey  from different geographic, botanic and 
entomologic origins, and can be summarised as 
follows: the physicochemical properties of honey 
curtail malodour of wounds and infected sites; the 
hygroscopic nature of honey facilitates moisture 
withdrawal from infected sites and surrounding 
tissues, thereby dehydrating bacteria, yeasts 
and other microbes; a protective layer forms 
between the wound bed and the highly viscous 
honey dressing; the low pH inhibits bacterial 
growth; a synergistic interaction occurs with the 
phenolic acids and other non-peroxide bioactive 
phytochemicals contained in honey.

Cancer Therapy

	 The anti-inflammatory properties of 
different honey types confer the capability to 
mitigate the pathogenesis of cancer (52). The 
potential of various honey types of different 
botanic, geographic and entomologic origins 
as anti-cancer agents is also documented in a 
number of studies (39,49,50). A review on honey 
and cancer by Othman (52) describes honey as 
a natural cancer “vaccine”, due to the observed 
reduction in prolonged inflammation, a risk 
factor for the pathogenesis of cancer.  Due to its 
high antioxidant content, natural honey shows 
anti-tumour activity by inhibiting proliferation 
and enhancing the early death of various cancer 
cells (52). These cancer cells include carcinomas, 
sarcomas, cancer cell lines, experimental cancers, 
bone cancer and breast cancer (39,50,53–56). 
The processes involved in the anti-mutagenic and 
anti-tumour activities of natural honey appear 
to be  multifactorial, and include the release of 
cytotoxic hydrogen peroxide and scavenging of 
reactive oxygen species (55,57); cyclooxygenase-2 
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inhibition by honey constituents like flavonoids 
(2,4,11,48,58); and cancer cell apoptosis via 
mitochondrial membrane depolarisation (39).
	 Honey shows inhibitory effects on cancer 
cell proliferation through cell death, so its use 
in cancer management is highly beneficial and 
does not hamper the health of cancer patients. 
This is due to the fact that natural honey is 
highly selectively cytotoxic against tumour or 
cancer cells, while it is non-cytotoxic to normal 
cells. This observation was made by Fernandez-
Cabezudo and co-workers in a melanoma animal 
model that showed improved host survival and 
tumour growth inhibition following intravenous 
administration of New Zealand manuka honey 
combined with chemotherapy (59). This 
selectivity of cell destruction, in which host cells 
are preserved and ‘unwanted or killer cells’ are 
destroyed, was further investigated by Erejuwa et 
al. (60) in a recent molecular study. These workers 
propose that honey’s mechanisms of action 
on the development and progression of cancer 
include cell cycle regulation, activation of the 
mitochondrial apoptosis pathway, induction of 
mitochondrial outer membrane permeabilisation, 
induction of apoptosis, modulation of oxidative 
stress, amelioration of inflammation, modulation 
of insulin signalling and inhibition of angiogenesis. 
	 Overall, the experimental and clinical 
oncological investigations of this natural 
product confirm that honey has antimetastatic, 
antiproliferative and anticancer effects on various 
forms of tumours or cancer cells. These include 
adenomas, carcinomas, melanomas, breast 
cancer, and liver and colorectal cancer cell lines. 
Others are prostate, bladder, endometrial, kidney, 
skin, cervical, Ehrlich ascites tumour (EAT) of the 
peritoneum (39), oral and bone cancer cells. The 
treatment and control of these different cancer 
cells with the use of natural honey involves the 
inhibition of cancer pathways such as AKT-
PI3, Mtor and caspases by bioactive honey 
constituents. Fernandez-Cabezudo et al. (59) 
reports the inhibition of caspases in an in vitro 
oncological study of three different cancer cell 
lines: colorectal carcinoma (CT26), human breast 
cancer (MCF-7) and murine melanoma (B16.F1). 
The findings demonstrate the anti-proliferative 
effect of 0.6% (w/v) New Zealand manuka honey 
being mediated via the activation of a caspase 
9-dependent apoptotic pathway. This leads to 
the induction of caspase 3 and reduced Bcl-2 
expression, with consequent deoxyribonucleic 
acid (DNA) fragmentation and cell death. Gao et 
al. (61) demonstrate that chrysin, a constituent 

of natural honey, reverses the anticancer drug 
resistance of doxorubicin by down-regulating 
some cancer pathways (PI3K-Akt and ERK) to 
inhibit hepatocellular carcinoma. The modulation 
of these cancer pathways is also corroborated by 
Yaacob and colleagues (50) with the apitherapeutic 
use of Malaysian tualang honey on breast cancer 
cell lines.
	 In addition to the antioxidant, apoptotic 
and anti-proliferative potentials of honey, it 
also possesses anti-tumour necrosis factor 
(anti-TNF), anti-inflammatory, estrogenic and 
immunomodulatory activities (39,50). The study 
of oncology shows that carcinogenesis involves 
the molecular processes of initiation, promotion 
and progression stages of cancer cells, all of which 
can be modulated with the use of honey. Hussein 
et al. (49) demonstrated the modulation of the 
initiation stage of cancer in a rodent model treated 
with Gelam honey from Malaysia. These workers 
report that honey inhibited the production of 
pro-inflammatory mediators [nitric oxide (NO), 
prostaglandin E2 (PGE2), interleukin-6 (IL-6) 
and TNF-α] in carrageenan-induced acute paw 
oedema in rat cancer models. The application of 
Egyptian honey in apitherapy has also been shown 
to reduce experimental tumour implantation in 
mice (39). The findings show that the anti-tumour 
activity of honey occurs through the activation of 
macrophages, T-lymphocytes and B-lymphocytes 
in the Ehrlich ascites tumour (EAT) in the 
peritoneum of the mice.
	 Apitherapy has been shown to be potentially 
complementary to anticancer chemotherapy. 
Previous studies show enhanced inhibition of 
carcinogenesis and suppression of cancer cells 
growth when the natural medicine, honey or 
its bioactive constituents, is combined with 
chemotherapy of various anticancer drugs such 
as tamoxifen (50), paclitaxel (59), doxorubicin 
(61), 5-fluorouracil and cyclophosphamide 
(39). In addition, the synergistic use of honey 
in combination with chemotherapy reduces 
the required dosage of drugs and consequently 
eliminates drug-induced adverse effects such 
as cytotoxicity of viable body cells associated 
with chemotherapy and radiotherapy in cancer 
management.
	 The potential of various natural honey 
types from different botanic, geographic and 
entomologic origins as anti-cancer agents is also 
documented in other studies (39,49,50). However, 
it suffices to conclude from the overall literature 
search that the multifactorial processes involved 
in the anticancer activity of honey emanate from 
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the bioactivity of its several phytochemicals and 
other constituents, namely apigenin, chrysin, 
galangin, pinobanksin, pinostrobin, pinocembrin, 
acacetin, caffeic acid, polyphenols, phenyl esters, 
quercetin and kaempferol (39,58), and this 
portends that these nutraceutical and biochemical 
components contribute to the therapeutic potency 
of honey by synergy. According to one oncological 
report (39), the synergistic effects of quercetin and 
kaempferol in reducing cell proliferation at 4 and 
14 days single exposure in the human gut (HuTu-
80, Caco-2) and breast cancer cells (PMC42) were 
associated with decreased expression of nuclear 
proliferation antigen Ki67 and total protein levels 
in treated cells relative to controls.

Children’s health

	 The inclusion of natural honey in the diet 
of infants confers health benefits on children. 
Some studies have shown that honey-nourished 
infants have improved memory and enhanced 
growth, as well as being less anxious and showing 
better performance as they grow (62,63). The 
investigation by Ramenghi and others (63) on 
the palatability of honey for infants indicated 
a high tolerance level and acceptability of this 
natural sweetener in honey-fed babies, and 
they cry less than those given sterile water. A 
comparison between honey and sucrose inclusion 
in children’s nutrition revealed improved 
haematology and calcium utilization, digestion 
devoid of problems, with lighter and thinner 
faeces in the children treated with natural honey 
relative to those nurtured with sucrose (62). 
Other findings documented in this study were 
appreciable skin colour, reduced susceptibility 
to diseases, and healthy weight gain (62). In 
their 12-month behavioural study on animal 
models, Chepulis and co-workers give scientific 
credibility to this beneficial practice (64). During 
the trial, eight-week-old rodents were fed with 
either New Zealand forest honey-enriched diet 
or diet containing sucrose, while a third group 
was given a diet devoid of sugar and served as 
the control. Similar results were obtained during 
the experimental procedure and actual practice. 
The findings prompted the conclusion that early 
introduction of honey in the diet is beneficial 
and facilitates memory retention and improves 
cognitive ability in adult life (64). The benefits of 
including natural honey in an infant’s diet were 
attributed to honey’s effects on the digestion 
process of the neonates, coupled with the action 
of prebiotic honey constituents (oligosaccharides) 

on the intestinal flora of these children (65).
	 In the opinion of Ajibola (6), formed from 
his findings in another nutritional study involving 
feeding honey from South Africa to neonatal 
animal models, the feeding of unadulterated, 
unprocessed natural honey to children could be 
beneficial in place of sweets and other sugary 
substances that they often have an appetite for. 
This assertion is supported by the recent findings 
of Weissenstein and colleagues (51) from an 
exclusive neonatal study on the apitherapeutic 
use of honey on paediatric patients, involving 
about 80 trials. These authors conclude that the 
use of medical honey is safe and encouraging 
for paediatric nutrition (51). The use of honey 
in infants and children also includes treatment 
of diaper dermatitis by topical application of a 
mixture containing honey, olive oil, and beeswax 
for a course of seven days (66), and as cough 
syrup for infection due to upper respiratory tract 
infection (URTI) (67).

Other health benefits

	 The other beneficial health effects of varieties 
of natural honey and apitherapeutic practices 
include treatment of general body pain, chest 
pain, menstrual pain, fatigue, vertigo, postnatal 
disorders, male impotence, and respiratory 
distress such as cough, bronchitis, pharyngitis, 
throat aches, and urinary tract infection (URTI) 
(1,22,39,43,67,68). These effects might be 
connected with the high energy content of honey, 
in addition to its effects against bacterial infection 
and inflammatory processes (42,51,68). In one 
reproductive study, Zaid et al. (69) reported 
the effects of tualang honey from Malaysia on 
menopausal rodents. The observation of uterine 
atrophy prevention informed the suggested use of 
honey as an alternative to hormone replacement 
therapy by these authors.
	 The contributions of medical honey in 
radiology and nuclear medicine have also 
been documented (70). According to Makpol 
et al. (70), Malaysian Gelam honey attenuates 
radiation-induced cell death and radiation-
induced deoxyribonucleic acid (DNA) damage by 
promoting cell cycle progression and inhibiting 
apoptosis, indicating its molecular mechanism 
as a radioprotector against radiation damage. 
However, apitherapeutic management with 
honey prior to radiation exposure is advisable as it 
provides the best beneficial effect against ionizing 
radiation (70).
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	 Another important medicinal use of natural 
honey is its age-long therapeutic effect against 
gastrointestinal tract ailments (22,71,72). Present 
statistics support this ancient practice, as honey 
is being used for the management and control of 
gastrointestinal pathologies like ulcers, diarrhoea, 
gastritis and gastroenteritis (73–75). The potency 
of this natural product as a gastro-protective 
agent, as reported by Osato et al. (76), includes 
inhibition of Helicobacter pylori, the causative 
agent of gastritis and peptic ulcers. The protective 
and other health benefits of honey are due to its 
bioactive constituents interacting synergistically 
for positive effects, as proposed by Ajibola (6). 
This hypothesis of SMIF in honey has also been 
mentioned by other researchers. Eteraf-Oskouei 
and Najafi (1) concur with this proposition that 
most compounds in honey work together to 
produce a synergistic antioxidant effect. Vit and 
Huq (39) also lend credence to the synergism 
of the phytochemicals of natural honey in their 
‘Systematic reviews on interventions with honey 
in cancer.’

Mechanisms of Action

	 The mechanistic effects surrounding the 
various protective actions of natural honey 
have been investigated in several studies and 
have generated various probable explanations. 
These include the mechanisms suggested to 
be responsible for the antimicrobial, anti-
inflammatory, antidiabetic, gastro-, hepato-, and 
cardioprotective (73,74), as well as anticancer 
(56,59,60) potentials of natural honey. The 
antimicrobial activity of honey entails several 
phenomena, as follows: first, honey draws water 
out of the surroundings, thereby dehydrating 
potentially infective organisms (37). Hence, little 
or no water is made available to promote yeast and 
bacterial growth by this singular action of honey. 
This hygroscopic action of honey, coupled with its 
high sugar content, hinders the growth of bacteria 
and other microbes (4,5,37). Second, natural 
honey has a low pH, which confers high natural 
acidity on honey to inhibit some pathogens. In 
addition, the production of hydrogen peroxide 
by glucose oxidase, an enzymatic constituent of 
honey, contributes to its antibacterial activity 
(22). Alvarez-Suarez et al. (2) and Olaitan et al. 
(3), as well as Vit and Huq (39), opine that the 
non-peroxide components of honey, such as the 
phytochemicals, oligosaccharides, organic acids, 
lysozyme, organic acids and other bioactive 
substances, also contribute to its mechanistic 

potential. These biochemical constituents are 
very important and helpful in the efficacy of 
honey as a broad-spectrum antibiotic and potent 
apitherapeutic agent.
	 The mechanisms of action of this natural 
product on diabetes and other metabolic diseases 
have been attributed to its influence on metabolic 
and neuronal activities within the gastro-intestinal 
tract (GIT). According to Al Swayeh and Ali (74), 
consumption of natural honey sensitizes the 
sensory nerves in the GIT, causing proprioception 
as a result of capsaicin. This mechanism entails 
some processes, such as ulcer index reduction, 
permeability of blood vessels in the GIT, and 
enhanced muscular activity of the stomach. The 
processes have been further explained by other 
authors through the documentation of the effect of 
dandelion honey consumption in ameliorating the 
ill effects of acidity in the stomach by about 50% 
(80). Other research shows that honey reduces the 
rate of passage of sugars in the GIT after intake of 
natural honey, unlike the rate observed following 
ingestion of a glucose/fructose mixture (81). 
This reduces the ulcerative effects and provides 
succour for diabetic patients, as well as alleviating 
the ill effects of diarrhoea. This mechanism can 
explain the observed effects of the medicinal uses 
of honey in infants and children to abate bacterial 
diarrhoea. Similarly, natural honey reduces the 
pathogenesis and duration of diarrhoea caused 
by viruses, contrary to results obtained from 
conventional therapy (72). Thus, natural honey 
is an excellent antidiabetic, antidiarrhoeal and 
antimicrobial agent.
	 Most of the protective and mechanistic 
effects of honey emanate from the antioxidant 
constituents of natural honey. One experimental 
pathological investigation by Ali (73), on 
rats with gastric lesions, suggested that the 
therapeutic effect of honey was due to its 
antioxidant constituents (2,39). According to Ali 
(73), natural honey enhances the non-protein 
sulfhydryl antioxidant capacity to ameliorate 
ethanol-induced ulcer lesions in rodents. Further 
establishment of the mechanism of honey as 
a chemotherapeutic agent was obtained by 
monitoring the concentration of endogenous 
antioxidant glutathione in N-ethylmaleimide 
(NEM)-damaged liver of animal models pretreated 
with Anzer honey in Ankara, Turkey (79). The 
results showed a reduction in the antioxidant 
concentration in proportion to the level of the 
damage, thereby confirming the importance 
of endogenous glutathione, enhanced by the 
antioxidant constituent of honey, as a gastro- and 
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hepatoprotective agent. The hepatoprotection was 
suggested to be mediated through some processes 
of the non-protein sensory substance, sulfhydryl 
antioxidant.
	 The ‘cure-all’ effects of natural honey can 
partly be attributed to its hepatoprotective 
potential, as the liver is the chief metabolic 
site of the entire body. In one molecular study, 
honey produced by stingless bees from Ecuador 
(Meliponinae) prevented DNA damage, as shown 
by measured antioxidant capacity (77). Other 
authors also have significantly contributed to 
mechanistic insights into honey’s action through 
its chemotherapy against the oxidative stress and 
cell death (apoptosis) caused experimentally by 
hepatic obstructive jaundice (78). Natural honey 
curtails the ill effects of bile duct ligation to 
preserve the ultrastructural anatomy of the liver. 
The conclusion can be drawn that the antioxidant 
constituents, anti-inflammatory activity, free 
radical scavenging capability, reduction in 
necrotized tissue and the provision of a rich 
energy source are among the more important 
mechanisms of honey’s effects (3,36), including 
the cardioprotective effect (24).
	 In addition to the cyto- and organoprotective 
properties of natural honey, its anticancer potential 
has been established to be due to multifactorial 
processes. These mechanisms include the release 
of cytotoxic hydrogen peroxide and the scavenging 
of reactive oxygen species (55,57); inhibitory 
effects on the proliferation of cancer cells 
through programmed cell death, as shown with 
the intravenous administration of New Zealand 
manuka honey combined with chemotherapy on 
melanoma cells in animal model (59). The other is 
the well discussed inhibition of cyclooxygenase-2 
by the synergistic phytochemical constituents of 
natural honey, such as phenols and flavonoids 
(2,4,11,39,48,58,61). An inhibitory mechanism 
of Malaysian tualang honey on experimental 
breast cancer cells was also proposed by Kadir 
and colleagues (56), while Fernandez-Cabezudo 
et al. (59) reported the mechanistic effects of New 
Zealand manuka honey on melanoma cells. The 
conclusions of these workers on their mechanistic 
insights into rodent cancer models align with 
the summary of Erejuwa et al. (60) from their 
very recent investigation into the development 
and progression of cancer. In their contributions 
while investigating the influence of honey and 
its constituents on cancer, Othman (52) and 
Kumazaki and co-workers (82) also concur with 
above suggested mechanisms of inhibition of cell 
proliferation and induction of apoptosis and cell 
cycle arrest.

	 Another mechanism of antimutagenic 
potential of honey is the antiproliferative action 
on cancer cells through apoptosis induced by 
Tualang, Gelam and Nenas honeys from Malaysia; 
Indian honey and other honey types (39). This 
mechanism involves the working of bioactive 
constituents of honey in synergy to produce 
the anticancer effects. The honey constituents 
identified with antimutagenicity are chrysin, 
galangin, pinobanksin, pinostrobin, pinocembrin, 
acacetin, caffeic acid, polyphenols, hesperetin, 
naringin, phenyl esters, quercetin, kaempferol 
and apigenin (39,58). These flavonoids interact 
uniquely and work in synergy to give the desired 
beneficial bioactive effects. The antiproliferative 
and apoptotic effects of the phenolic constituents 
of honey on target cells can be better explained 
as the product of interactions of these phenols 
and other antioxidants with membrane and 
intracellular receptors causing mitochondrial 
membrane depolarisation, as well as nitric oxide 
synthase inhibition. Vit and Huq (39) provide 
further explanation of the synergistic roles of 
the bioactive substances in curtailing cancer 
pathways as follows: hesperetin and naringin 
can inhibit nitric oxide (NO) production induced 
by lipoxygenase (LPS); quercetin, caffeic acid, 
chrysin and ellagic acid down-regulate the nuclear 
factor-κB to reduce the biosynthesis of iNOS 
and consequently of NO. In general, phenolics 
are antioxidants and antitumour agents, and 
as such act as specific free radical scavengers to 
block tumour necrosis factor (TNF-α)-mediated 
cytotoxicity. Their antioxidant activity plays a 
role in preventing free radical damage, a common 
occurrence in cancer cell growth (39).
	 The evidence for synergism of honey 
is further provided by the enhanced cancer 
suppression when chrysin is used in conjunction 
with a chemotherapeutic agent (61), when 
compared with the rate of inhibition of the 
metastatic growth of cancer cells observed when 
chrysin is used alone (83). In addition, the 
antitumour and antimutagenic activities of certain 
chemotherapeutic drugs, such as 5-fluorouracil 
and cyclophosphamide (39), and tamoxifen 
(50), are facilitated by honey administration. 
The synergistic growth-inhibitory effect of 
some cinnamic acid derivatives from the honey 
constituent, propolis, on human colon cancer 
cell lines occurs by both intrinsic and extrinsic 
apoptotic signalling transduction pathways (82). 
According to these authors, the synergy of these 
propolis derivatives (Artepilin C, Baccharin and 
Drupanin) enhances the decreased expression 
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levels of the cancer target gene MAPK-Erk5, even 
in drug-resistant colon cancer cells. These studies 
provide supporting evidence for the synergistic 
action of honey. Hence, the summary of the 
mechanistic insights into the overall protective 
effects of honey portends the presence of a 
unique ‘synergistic multiple ingredients factor’ 
(6). The conclusion of Ajibola (6), derived from 
an extensive experimental study of the effects of 
South African monofloral honey on metabolism 
in growing rodents, aligns with the summary of 
Eteraf-Oskouei and Najafi (1). In their overview of 
the traditional and modern uses of natural honey 
in diseases, these authors also conclude that 
honey constituents work together in synergy to 
produce beneficial effects. The hypothesis of this 
unique factor, SMIF, has been supported by these 
various authors (1,39,50).

Conclusion

	 The oral and topical uses of honey as CAM 
show therapeutic promise, as honey improves 
functional body systems, reverses pathological 
conditions and gives enhanced health 
values. Natural honey contains antioxidants, 
phytochemicals and other bioactive substances 
that produce desired beneficial effects in almost 
all organs of the human and animal body. The 
different honey types show biochemical activities, 
adding value to honey’s apitherapeutic potency and 
promoting natural honey as a choice therapeutic 
agent, even when conventional therapy appears 
ineffective. The superior efficacy of honey, coupled 
with its wide application in apitherapy, makes it 
a complementary and alternative medicine for 
most ailments, including cancer. The biological, 
physical and chemical properties derived from 
honey’s constituents interact uniquely and work 
synergistically to bring forth the desired beneficial 
effects. Hence, the mechanistic insights into the 
overall protective effects of honey indicates 
the presence of a unique ‘synergistic multiple 
ingredients factor’.
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