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Abstract
Since the beginning of time, among the most valued and cherished natural products that people have access to is honey. In addition to being used as a nutritional supplement, honey is utilised in traditional medicine to treat a variety of clinical ailments, from cancer therapy to wound healing.
This review's main goal is to draw attention to honey's numerous therapeutic uses. Antibacterial, antiproliferative, antioxidative, anticancer, and anti-metastatic qualities are reportedly present in honey's ingredients. Honey may help treat and manage wounds, diabetes, cancer, asthma, and other neurological, cardiovascular, and gastrointestinal conditions, according to a growing body of research. Honey may be used therapeutically to cure illness because of its phytochemical, anti-inflammatory, antibacterial, and antioxidant properties. Honey has two primary bioactive substances, flavonoids and polyphenols, both of which have antioxidant qualities. Numerous medical diseases, including as diabetes mellitus, pulmonary, gastrointestinal, cardiovascular, and nervous system disorders, may benefit from honey's preventive properties, according to current scientific literature. Honey may possibly be useful in the treatment of cancer because it contains a range of antioxidants. Lastly, honey has potential applications as a natural remedy for a variety of illnesses. There is enough evidence to support using honey to cure medical ailments and the use of honey in medical wards is amply supported by the data.
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1. Introduction
Social bees and other social insects make honey, a delicious substance that they store as a non-perishable food source for usage during times of a shortage [1]. A fundamental component of the traditional medical system, honey has been utilised by all types of people from ancient times to the present [2];[3]. Honey has been shown to have antiseptic, antibacterial, antiviral, anti-inflammatory, antioxidant, wound healing, antipyretic, antifungal, cardioprotective, diabetes ameliorating, and memory ameliorating properties in addition to its traditional usage in medicinal treatment [4];[5].
Honey has been shown to be effective in treating external eye disorders, burns, wounds, and skin ulcers. It is also a good antioxidant [6];[7]. The potential biological activities of honey and its health-promoting qualities have been brought to light by recent research advancements and their description in study literature [8]. Many of these effects have been connected to a variety of physiologically active secondary metabolites that are present in honey, including alkaloids, anthraquinone, flavonoids, polyphenols, glycosides, cardiac glycosides, and reducing chemicals. 
 [9];[10];[11]. Furthermore, honey is the only natural substance created from insects that has nutritional, cosmetic, religious, and medicinal benefits [12]. Honey is utilised in traditional medicine and is said to have over 181 distinct compounds.Scientific evidence supporting honey's usage in a variety of experimental and clinical settings is starting to surface, and its medicinal potential is steadily growing.
According to some accounts, honey’s antibacterial properties, aids in the healing of wounds and burns, protects the stomach from acute and chronic gastric lesions, and helps with gastrointestinal (GIT) problems. Honey's health benefits for specific diseases include its effect on wound healing [13], its ability to treat cardiovascular diseases [14], its stimulatory effect on lactic acid bacteria multiplication [15], its antimicrobial activity [16], its antiproliferative effects [17], its bactericidal activity [18], and its ability to lower plasma prostaglandins [19]. Even in modern folk medicine, honey is still used to heal infections.

2. Chemical Composition of Honey

About 80–85% carbohydrates, 15–17% water, 0.3% proteins, 0.2% ashes, and trace amounts of phenols, vitamins, amino acids, and colours constitute honey [20]. Numerous factors, such as the honey's botanical origin, geographic location, bee species, storage conditions, and harvest period, influence its chemical composition [21].Amino acids, phenol, protein,minerals, ash, organic acids, vitamins, and enzymes compounds are among the more than 180 components found in honey [22]. The majority of honey samples have very little lipid. There are several different types of mono- and disaccharides that make up honey's carbohydrates. The average concentrations of reducing sugars, fructose, glucose and sucrose were 76.65%, 38.38%, 30.31% and 1.31% respectively [23]. In addition, it has been demonstrated that honey contains more than 22 distinct sugars, the two primary ones being dextrose and laevulose. About ten disaccharides have been identified in honey including maltose, maltulose, isomaltose, turanose, sucrose, laminaribiose, gentiobiose, kojibiose, nigerose, and B-trehalose. [image: ]  

Fig 1. Nutritional symphony of honey

Trisaccharides such as Isomaltotriose, Panose, Psopanose, l-Kestose and Theanderose, along with Erlose, Melezitose, Maltotriose, and Centose 3-α5 Isomaltosylglucose are also present in honey. Each of these sugars is found in very small amounts [24]. About 0.5% of honey is made up of proteins, mostly in the form of free amino acids and enzymes. Honey contains all necessary and non-essential amino acids, with the exception of asparagine and glutamine. The most prevalent amino acid in honey is proline [25]. Invertase (sucrase, α-glucosidase) breaks down sucrose into fructose and glucose, glucose oxidase breaks down glucose into hydrogen peroxide and gluconic acid, and diastase (amylase) breaks down starch or glycogen into smaller sugar units [26]. These three enzymes are present in honey.
One of honey's antibacterial properties is due to hydrogen peroxide [27]. Niacin, riboflavin, pantothenic acid, pyridoxine, folate, and vitamin C are among the water-soluble proteins found in honey. The most prevalent vitamin is C. The two primary bioactive components of honey that function as antioxidants are polyphenols and flavonoids. Luteolin, quercetin, apigenin, kaempferol, chry-sin, galangin and chrysin are the primary flavonoids [28]. Additionally, the primary polyphenols found in honey include gallic acid, ellagic acid, benzoic acid and syringic acid. These substances are recognised to possess antioxidant qualities. Due to their use in the therapy of several types of cancer, quercetin and caffeic acid are highly popular [29]. Honey contains around 31 different minerals, including all of the essential elements, such as sulphur, phosphorus, calcium, potassium, sodium, magnesium and chlorine in quantities ranging from 0.02 to 1.0 gm/100 gm [30]. 

3.  Honey in medicine: A historical perspective
Both traditional medicine and modern wound care have long made use of honey for therapeutic purposes. Most ancient communities have used honey for nutritional and therapeutic purposes [31]; [32]; [33]. The use of honey is shown in 8000-year-old Stone Age artwork [34]. The use of honey in healing is shown in Sumerian clay tablets and Egyptian papyri from 1900 to 1250 BC [35]. Greek physicians like Hippocrates also utilised honey to treat a number of illnesses. They created remedies like hydromel (water and honey) for thirst, oxymel (vinegar and honey) for pain, and a concoction of water, honey, and medicine for severe fevers [36]. Hippocrates (460–357 BC) discovered that honey cured buncles and flowing sores and cleansed lip ulcers and sores. Pale honey is a good salve for sore eyes, according to Aristotle (384–322 BC) [37]. The father of pharmacology, Dioscorides, stated around 50 AD that honey was "good for all rotten and hollow ulcers" as well as "good for sunburn and spots on the face" [38]; [39]. The Quran mentioned bees and honey production more than fourteen hundred years ago. The Quran states that female worker bees create honey. The Quran also refers to honey as the beverage of the heavenly people [40]. The use of honey to alleviate diarrhoea was stressed by the Muslim Prophet Muhammad [41]. Ayurveda claims that honey has gastro-protective properties and aids in the healing of duodenal and stomach ulcers [42]. Ayurveda has made reference to the use of honey in diabetes medicines [43]. According to India's oldest sacred text, the Rigveda, honey is referred to as "madhu" and is thought to lengthen life [44]. According to the ancient Sanskrit medical and surgical classic Sushruta Samhita, using honey is one of the primary strategies to aid wound healing [45]. Throughout history, honey has been utilised as a food and medicine. Apitherapy, a branch of medicine that uses honey and other bee products to treat a range of ailments, has grown in popularity in recent years [46]. Consequently, honey's therapeutic properties have made it an important part of human diets since the dawn of time.
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Fig 2. Honey through the ages: A healing journey 

4. Methods
To find contemporary studies demonstrating honey's effectiveness in treating human ailments, a thorough literature search was undertaken. In this regard, a number of databases were also examined, including PubMed, Science Direct, Google Scholar, Cross Ref and Web of Science. Honey, antibacterial, antifungal, antiviral, anti-diabetic, cardiovascular, gastrointestinal, wounds, nervous system, Ayurveda, inflammatory, cancer, traditional, therapeutic agents, medicinal property, Quran, Bible, and antioxidant are the keywords used singly or in combination as inclusion criteria for the articles to be considered for this review. The 30-year span covered by this assessment contains prestigious publications from 1992 to 2022. There were 210 papers found in the first search. One hundred papers remained after taking into account the extra exclusion criteria, and they were included in this evaluation.


5. Honey as Medicine

Honey is starting to be recognised as a dependable and effective therapeutic agent by both the general population and traditional medicine practitioners. Its beneficial benefits have been substantiated by its antibacterial, anti-inflammatory, and antioxidant qualities as well as immune system activation [47]. 

5.1 Honey and anti- Bacterial Activity:
Numerous gram-positive  and gram-negative bacteria have been shown to be susceptible to honey's anti-antimicrobial properties [48], including pathogens like Streptococcus pyogenes, Staphylococcus aureus, Salmonella typhi, Proteus mirabilis, Escherichia coli, Pseudomonas aeruginosa and Shigella flexneri [49]; [50]. Honey's hydrogen peroxide is responsible for its antibacterial qualities [51]. It has been discovered that combining five noval antibiotics with Manuka honey has increased antibacterial efficacy and provides a new therapeutic option for tropical wound infections in the future [52]. Honey has been shown to be just as successful as mupirocin in avoiding blood-stream infections in these individuals and eliminates the possibility of bacterial strains becoming resistant to antibiotics [53]. According to reports, honey can effectively eradicate existing MRSA and VRE infections [54], [55], [56], [57], [58], and [59]. The nasal sinuses and the surface of open wounds can develop biofilms. It is believed that the protection they offer the bacterial cells reduces the efficacy of antibacterial medication therapy. It has been demonstrated that manuka honey works well against bacteria that produce biofilms.
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Fig 3. Multifaced antibacterial power of honey


When Staphylococcus aureus produced biofilms, it was discovered that manuka and sidr honey killed the majority of the bacterial strains [60].
 
5.2 Honey and Viral Diseases:
Honey can be used to combat AIDS [61][62], viral hepatitis [63], rhinoconjunctivitis [64], rabies [65], and herpes zoster [66]. When compared to acyclovir cream, Al-Waili [67] found that topical honey therapy was both safe and effective in managing the symptoms and indicators of recurrent lesions from labial and vaginal herpes. The study examined how applying honey affected the frequency of herpes lesions. Furthermore, a number of studies have demonstrated that honey contains substances including chrysin, quercetin, galangin, and caffeic acid that prevent coronaviruses from entering, invading, and replicating [68];[69]. 
 

5.3 Honey and Fungal Diseases: 
Due to antifungal medication adverse effects and resistance, there has been a growing quest for natural antifungal substances [70]. In an in vitro study on the effectiveness of honey as an antifungal agent, Estevinho et al. [71] found that lavender honey inhibits the development of Candida krusei, Candida albicans and Cryptococcus neoformans. According to Mustafa et al. [71], honey effectively inhibits the development of several pathogenic yeast species, including Candida albicans and Rhodotorula sp. According to Ansari et al. [73], jujube honey has shown antifungal efficacy against Candida albicans and can prevent the growth of Candida albicans biofilms. 28 Iranian indigenous honeys were shown to have anti-candida properties by Khosravi et al. [74]. In his research on 30 human patients, A1-Waili [75] demonstrated the potential benefits of topical honey application in the treatment of dandruff and seborrhoeic dermatitis.
5.4 Honey and Wound Healing: 
The burden of sustaining wound healing has significantly increased recently due to the introduction of many drug-resistant bacteria that can obstruct the healing process. Consequently, a variety of natural substances have been sought after, and honey is one among them. Honey is used to soothe burns and wounds, and in some cases, it can reduce local discomfort rapidly [76]. Topical honey use to surgical wounds improves healing and inhibits tumour development. The Tumour implantation (TI) is a special concern during laparoscopic surgeries since all of the surgical instruments come into close contact with the wound, even if the incisions are quite tiny. "Honey could be used as a wound barrier against TI during pneumoperitoneum in oncological surgery, including laparoscopic oncology" [77], and it has been observed that using honey with diabetics has successfully decreased the rate of amputations [78]. Honey's antibacterial properties make it useful in medical treatments to aid with wound healing and disinfection [79]. Manuka honey's primary benefit, which has led to its selection for wound treatment, is its high non-peroxide activity, which inhibits the action of catalase generated by wound exudates [80]. It was shown that using honey dressings helped speed up the healing process in clinical studies involving 52 randomly chosen plastic surgery patients whose wounds were coated with honey and traditional dressings for five days [81].
5.5 Honey and Asthma:  
There is insufficient data to support the efficacy of honey alone in managing asthma. In their in vivo studies on ovalbumin-induced asthmatic rabbit models, Kamaruzaman et al. [82] found that aerolized honey effectively treated the asthma in the animals, and this method may work for humans as well. According to a research by Shamshuddin & Mohd Zohdi [83], giving 80% (v/v) Gelam honey to OVA-induced mice dramatically reduced the amount of mucus expressed in their lungs. This outcome exhibited that Gelam honey was successful in reducing the overproduction of mucus in mice with OVA-induced allergic asthma. A research by Evans et al. [84] involved 105 kids aged 2 to 18 who had upper respiratory tract infections and coughs. Buckwheat honey was provided to the participants, and it was discovered that honey helped with coughing. In their studies on 76 individuals with bronchial asthma ages 4 to 50, Waqas et al. [85] showed the effectiveness of honey in treating the condition and improving lung infections. When combined with nebulised medicines, manuka honey has also been shown to be effective in treating respiratory infections caused by Mycobacterium abscessusus [86].
5.6 Honey and Cardiovascular diseases:
Numerous studies conducted in vitro, in vivo, and in clinical trials have shown that honey enhances the plasma lipid profile [87], prevents oxidation, and boosts LDL resistance to oxidation [88], which is caused by oxidative stress in cardiac disorders in particular. These results imply that honey has a beneficial effect on risk factors for cardiac problems. According to research by Rasad et al. [89], eating honey can lower total cholesterol, TG, and raise HDL in sixty young, healthy people. Rats' heart is protected from oxidative stress caused by ISO by sunderban honey [90]. Evidence has been found to investigate the function of chrysin, a bioactive component found in honey [91]. Additionally, studies on young humans showed that honey consumption decreased weight, controlled cardiovascular status, decreased total cholesterol, decreased LDL, and increased HDL [92]. The study demonstrates that tualang honey boosts endogenous antioxidant enzyme activity and offers cardioprotective effects against ISO-induced oxidative stress in mice by preventing lipid peroxidation [93].

5.7 Honey and Eye diseases:
Honey's effectiveness in treating individuals with vernal keratoconjunctivitis [94], dry eye disease [95], blepharitis [96], keratisis [97]; [98], post-operative corneal oedema [99], corneal damage [100] and bulbous keratopathy [101]. According to a research, Optimel eye gel and drops, which are derived from honey from the Leptospermum species, considerably inhibited the growth of Staphylococcus epidermidis, decreased the need for lubricants, enhanced the expressibility and quality of the meibomian glands, and successfully reduced conjunctival redness and dry eye symptoms. It is possible to prevent corneal scarring from infections by using honey's antibacterial qualities [102].

5.8 Honey and Neurological Diseases: 
The presence of polyphenols and flavonoids  in honey is responsible for its ability to support nerve health [103]. OVX rats that showed decreases in ACTH, cortisone levels, and depressive-like behaviour were used in the first in vitro investigation to investigate the impact of honey [104]. In comparison to rats fed sucrose, Chepulis et al. [105] established that rats fed honey had better spatial memory and less anxiety at all ages. Giving 30 senior patients with depression who were residing in long-term care facilities the Talbinah diet, which consists of barley syrup boiled with milk and honey, was found to significantly reduce their levels of stress, sadness, and mood in randomised clinical trials [106]. In their studies on white Whister albino rats, Oyefuga et al. [107] came to the conclusion that administering honey may raise the brain protein and catalase activities of the brain cells, indicating that honey's antioxidant capacity strengthens defence mechanisms against cell injury, cell damage and components' degenerative processes. Because it lowers oxidative damage and guards against neuronal damage, chrysin has neuroprotective potential [108]. Freyssin et al. [109] compiled in vitro studies showing polyphenols can inhibit the production of many aggregates that lead to neurodegenerative disorders. 

5.9 Honey and Gastrointestinal tract diseases:
Honey has long been used medicinally as a tonic to promote a healthy digestive system. 
Honey has an antimicrobial effect on bacterial diarrhoea, according to a few studies [110]. It has been demonstrated that honey quickly relieves gastroenteritis and diarrhoea [111]; [112]. In a study of 100 infants and children with acute gastroenteritis, ages 2 to 7, Abdulrhman et al. [113] showed that adding honey to the oral rehydration solution shortened the duration of the vomiting and diarrhoea and accelerated the recovery from dehydration. The experimental group received the oral rehydration solution plus honey, while the control group received the oral rehydration solution. The group that received both the oral rehydration solution and honey recovered significantly faster than the group that received just the oral rehydration solution (105.6±25.7 versus 127.7±24.5 hours). Acetic acid and trinitrobenzene sulfonic acid-induced ulcerative colitis was successfully treated with honey [114]; [115]. Ali [116] investigated the gastroprotective benefits of honey on ethanol stomach ulcers in rats. Numerous studies have examined honey's potential as a prebiotic food to revitalise the gut microbiota [117], [118], [119], and [120]. 
5.10 Honey and Inflammation: 
Honey may be useful in the management of inflammatory diseases. In contrast to corticosteroids and NSAIDS, which have a number of detrimental side effects, honey has a natural anti-inflammatory effect with no serious adverse effects [121]. Similarly, some published research has noted and shown that using honey topically reduces wound oedema and exudate, both of which are linked to the activity of the local inflammatory process in wounds [123]; [122]. Bee honey has anti-inflammatory qualities because of its high phenolic content. The pro-inflammatory activities of cyclooxygenase-1 and cyclooxygenase-2 (COX-1 and COX-2) and/or inducible nitric oxide synthase (iNOS) are inhibited by these flavonoid and phenolic substances [124]. In their rat experiments, Kassim et al. [125] shown that honey and its extracts may lessen pain and oedema in inflammatory areas because of the inhibitory qualities of PGE (2) and NO. 
5.11 Anti-oxidant Properties of Honey:
Bee honey's antioxidant capacity, which is attributed to its ability to reduce oxidative processes in the human body, is measured by its capability to scavenge free radicals [126]. Naturally occurring components of honey include ascorbic acid, phenolic acids (including ferulic, ellagic, caffeic, and p-coumaric acids), tocopherols, catalase, superoxide dismutase, reduced glutathione, peptides and products of the Maillard reaction, and a variety of flavonoids, such as chrysin, pinocembrin, hesperetin, quercetin, apigenin, galangin, and kaempferol. 
Generally speaking, these elements cooperate to have a synergistic antioxidant action [127]. According to scientific research, honey may be a unique antioxidant for the treatment of illnesses commonly associated with oxidative stress, whether it is administered alone or in combination with conventional treatments [128]. Cheng et al. [129] shown that buckwheat honey has a hepatoprotective effect and is efficient in reducing DNA damage in rat models. The honey's strong antioxidant content is primarily responsible for these benefits.
5.12 Honey and Cancer:
Honey has a bright future as a chemotherapeutic agent in the treatment of cancer since several studies have demonstrated its ability to prevent, stop, or reverse the development of cancer at various stages [130]; [131]. Numerous studies have shown that honey, which is high in flavonoids and polyphenols, has anti-proliferative properties that help prevent cancer [132]. In their studies, Fernandez-Cabezudo et al. [133] examined how manuka honey affected the development of three tumour cell lines: murine melanoma, colon carcinoma cells and human breast cancer He demonstrated that manuka causes cancer cells to undergo caspase-mediated apoptosis and may work in concert as a chemotherapeutic agent. 
The apoptotic effects of Malaysian Tualang honey on HOS and OSCC cell lines were demonstrated by Ghashm et al. [134]. Swallem et al. investigated honey's antitumor efficacy against bladder cancer both in vitro and in vivo [135]. Honeys from seven different floral sources (buckwheat, fireweed, acacia,  soybean, Christmas berry and tupelo) were tested using the Ames assay for their antimutagenic qualities against Trp-p-1. Both a sugar analogue and an individual test of simple sugars were used to compare the outcomes [136]. In Y59 rats with anaplastic colon adenocarcinoma, CBA mice with methylcholanthrene-induced fibrosarcoma, and spontaneous breast cancer, honey was applied to study its anti-metastatic impact and potential mechanism of anti-tumor action [137]. The antiproliferative properties of thyme honey have been evaluated in cell lines from endometrial cancer (ishikawa), prostate cancer (PC3), and breast cancer (MCF-7) [138].
5.13 Honey and Diabetes:
There is evidence that fructose tends to lower blood glucose in animal models of diabetes, and its glycaemic index is 19, as opposed to 100 and 60 for glucose and sucrose, respectively [139]; [140]. Additionally, open clinical trials conducted on the effects of honey on human diabetic patients, showed that young people with type 2 diabetes agreed to cease taking their prescriptions and utilise honey as a therapy [141]. Consuming honey caused patients to lose weight, have reduced GI and PII [142]; [143] and had lower fasting glucose serum [144].  As compared to glucose and sucrose in non-diabetic patients, honey raises plasma C-peptide levels postprandially. Although it has no biological action of its own, C-peptide is an excellent indication of insulin production and is concentrated with insulin by the pancreatic cells as a by-product [145].
This suggests that honey may directly stimulate the healthy beta cells of the pancreas [146]. Al-Waili [147] showed that supplementing with honey raised insulin levels in diabetic individuals.

6. Conclusion
An overview of honey's therapeutic effects for a range of ailments is the goal of this review research. Experts now acknowledge honey as a fresh alternative therapy for a range of disorders, in addition to its substantial usage in traditional medicine. Honey is one of the key ingredients that has been utilised for multiple medical purposes since ancient times. Diabetes, ophthalmology, fungal, digestive, cancer, cardiovascular, and gastrointestinal problems, as well as wound healing and cancer, may all be treated with honey thanks to its many therapeutic advantages.
This is why scientists are more interested in studying natural products these days because they believe they may be more effective healers than synthetic ones. Because honey has so many health advantages, it is highly recommended that people use honey or items derived from honey in their daily diet to help avoid a number of ailments.
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ABBREVIATIONS
MRSA – Methicilin Resistant Staphylococcus aureus
VRE-Vancomycin Resistant Enterococci
OVA-Ovalbumin
LDL-Low Density Lipids
TG-Triglycerides
ISO- Isoproterenol
HDL-High Density Lipid
OVX-Ovariectomy
iNOS- Inducible Nitric Oxide Synthase
ACTH-Adrenocorticotropic Hormone
NSAIDS-Non Steroidal anti-inflammatory Drugs
PGE(2)-Prostaglandin E2
NO-Nitric Oxide
OSCC-Oral Squamous Cell Carcinoma
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