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Abstract

Propolis, a resinous, dark-colored product produced by honeybees has been gaining attention
in terms of its multiple proven health benefits. This natural product has different types and
varieties but close to similar chemical compositions according to the environment and location
where it is produced, as well as its plant source. It is mainly composed of resinous, balsamic,
and gummy materials, waxes and essential oils, and pollen from the plants. Propolis contains
plenty of polyphenols and it’s a rich source of magnesium, calcium, iodine, potassium, sodium,
copper, zinc, manganese, and iron as well as thiamin, riboflavin, vitamins B6, C, E, D, and
provitamin A. It has been proven that propolis may help to reduce diet-induced obesity through
its caffeic acid content. Studies proved the antibacterial, antiviral, anti-inflammatory,
anticancer, antifungal, and antitumor effects of propolis and positive outcomes on diet-induced
obesity, and diabetes. In this review, we aim to explain propolis extensively in terms of its types,
chemical composition, bioactive compounds, digestion, health benefits on obesity and diabetes,
as well as possible drug interactions, dosage, and safety.
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Introduction

The word propolis originally came from the Greek ‘pro’ which denotes ‘the entrance of” and ‘polis’ stands for 'city’;
a suitable word for implying that this product has the property of guarding the entrance of beehives [1]. Propolis,
which is produced by honeybees using beeswax and saliva enzymes (B-glucosidase) to protect their hives, is a viscous,
dark-colored product composed of resinous, balsamic, and gummy materials, waxes and essential oils, and pollen
derived from specific plant types [1-4]. The composition of the propolis varies according to the sources, different
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geographical locations, seasons, different hives, and the available parts of the plants that bees can access [2, 3]. It may
be found in different colors such as brown, green, and red as well as different physical states according to the weather.
Propolis can be considered a chemical defender against bacteria, viruses, and other pathogenic microorganisms that
have the potential to spread over the hive. Mentioned protective properties of propolis against microorganisms can
contribute remarkable benefits to human health [3].

Propolis has recently attracted attention with its protective and therapeutic effects on health. Studies recently indicate
the antibacterial, antiviral, anti-inflammatory, anticancer, antifungal, and antitumor characteristics of propolis [5].
Therefore, propolis became a popular health supplement and is used as an ingredient in certain foods, drinks, and
conventional medicine to ameliorate health and protect the body from inflammation and diseases like diabetes,
cardiovascular diseases, and cancer. It can be found in different forms, such as tablets, capsules, toothpaste,
mouthwash, facial creams, lotions, and solutions [5]. Today, numerous propolis products are available in the market,
and their sales number keeps increasing, thus, most suppliers cannot meet the demands [3]. Especially propolis
products on oral health and wound healing, as well as propolis products that aim to improve immunity, were the most
preferred. Comprehensive investigations of the beneficial health effects and bioactivity of propolis have been done by
many researchers via numerous scientific papers [3]. This current review aims to explain the chemical, physical, and
biological properties, drug interactions, dosage, and safety of propolis, and its effects on human health focusing on
the anti-obesity and anti-diabetes effects of propolis.

Types and Chemical Composition of Propolis

Propolis has a complex structure [5], and in general, it is composed of 50% resin and vegetable balsam, 30% wax,
10% essential and aromatic oils, 5% pollen, and 5% various other substances, including organic debris [6]. It consists
of various chemical compounds such as polyphenols (flavonoids, phenolic acids and their ester forms, phenolic
aldehyde, and alcohols) which can be related to its anti-inflammatory and healing properties, terpenoids, steroids, and
amino acids [3, 5]. Propolis also contains minerals like magnesium, calcium, iodine, potassium, sodium, copper, zinc,
manganese, and iron; vitamins such as thiamin, riboflavin, vitamins B6, C, E, D, and provitamin A [4]. Starch and the
mono and disaccharides, glucose, fructose, ribose, rhamnose, talose, gulose, and saccharose are common
polysaccharides in propolis [4].

Furthermore, it is proven that propolis contains more than 300 compounds, and this can be attributed to its different
plant sources and diverse origin of geography as well as different bee species. Therefore, to be able to examine the
chemical characteristics of the propolis, its geographic origin and plant source needs to be analyzed. According to its
geographic origin, plant source, and chemical composition, propolis has four different types namely poplar, green,
red, and Macaranga type propolis. Europe, North America, non-tropic regions of Asia, and Oceania are considered
the main locations for poplar-type propolis. For green propolis, Southeast Brazil is regarded as the collection area
whereas, Northeast Brazil is for red propolis. Additionally, the Macaranga-type propolis can be collected in Japan,
Taiwan, Hawaii, and the Solomon Islands. As their different geographic places, each of these propolis types has its
own plant source such as Populus spp., Baccharis dracunculifolia, Dalbergia ecastaphyllum, and Macaranga tanarius
respectively. Furthermore, these different types of propolis contain various chemical compounds. Flavonoids, phenolic
acid, and their esters in poplar, prenylated p-coumaric acids, diterpenes in green, isoflavonoids, polyprenylated
benzophenones in red, and prenylated flavanones in Macaranga are the major chemical compounds [4, 5].

One of the main compounds found in poplar-type propolis is caffeic acid phenethyl ester (CAPE), which is a
significant bioactive compound involved in many biological activities such as apoptosis of cells related to breast
cancer, improvement in insulin resistance, and radioprotective properties. Other than CAPE, poplar-type propolis also
contains chrysin, galangin, pinobanksin, and pinocembrin as a flavonoid. The latest studies indicate the cytotoxic and
anti-inflammatory effects of chrysin [7] as well as the improvement of insulin resistance by the galangin and
pinocembrin [8]. The main component of Brazilian green propolis is artepillin C (ArtC) which has anti-parasite
(especially on Leishmania parasites) and gastroprotective actions [9, 10]. Different from poplar-type propolis and
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green propolis, red propolis contains isoflavonoids [5]. Various pharmacological investigations have analyzed red
propolis and indicated its role in specific human disorders such as dental caries, candidiasis, cancer, skin wounds, and
complications associated with oxidative stress [11, 12], and have antimicrobial effects [13]. The main components of
Macaranga-type propolis which were prenylated flavonoids have proven pharmacological effects such as antioxidant,
antibacterial, antiangiogenic, and anticancer via in vitro studies [5].

Digestion of Propolis

In addition to investigating the antioxidant potential of food materials, it is critical to evaluate the composition and
concentration of antioxidants available in the human gastrointestinal system [14]. Due to propolis' complex matrix
with a large molecular weight, has poor bioavailability and absorption. The most important determinants of
bioavailability are the form of polyphenol administered such as natural fruit, juice, or extract, and the presence of
other polyphenolics that give synergistic effects [3]. Factors such as digestive instability, poor transcellular efflux in
intestinal cells, and rapid metabolism and excretion affect the bioavailability of polyphenols [15]. Dietary polyphenols
are in esters, polymers, or glycosylated forms, and so they must be hydrolyzed by the intestinal enzymes or by the
colonic microflora before absorption [16]. Once these poorly absorbed polyphenols are in the intestinal system, they
are converted to smaller phenolic acids with an increased bioavailability by the enzyme activity of the colonic
microbiota [17]. Microbiota appears as an individual difference and is increasingly being taken into account. However,
the recovered amounts detected in plasma were still high due to the high initial contents of propolis compared to other
food materials such as fruits and vegetables [3].

There have been few studies on the bioavailability of phytochemicals in bee products, such as minerals in honey,
polyphenols in propolis, and the disposition and metabolism of chrysin [18-20]. Professors stated that total phenolic
and flavonoid content values ranged from 85-283 to 16-136 mg/g for ethanolic extracts of propolis samples collected
from various geographical areas [21]. Even today, many researchers are focusing on propolis due to its broad spectrum
of biological properties, and it is thus regarded as a functional food [22].

Health Effects of Propolis

Propolis phytochemicals contribute to a wide range of health-promoting properties such as antioxidant, anti-
inflammatory, antibacterial, antifungal, antivirus, antimicrobial, antitumoral, immunomodulatory, anti-allergic, anti-
diabetic properties, as well as neuroprotective, renoprotective, dermal protective, gastroprotective, and
hepatoprotective activities [23-25]. Additionally, the possible effects of propolis against COVID-19 have been
proposed [26]. In a recent review by Anvarifard et al., both human and animal studies evidence that propolis could
potentially improve the glycemic status, oxidative stress, renal tissue damage, and renal function. But further studies
are needed to determine the underlying mechanisms [27]. This review describes the beneficial effects of propolis on
diabetes and obesity.

Diabetes and Propolis

Type 2 diabetes is a chronic disease of dysregulation of glucose metabolism, accompanied by micro and macro
complications. The global diabetes population is projected to be 592 million by 2035 [28]. Identification of modifiable
lifestyle factors including dietary factors that reduce the incidence of the disease is an important research area. There
is an increasing interest in polyphenol-rich foods as a dietary factor. Dietary polyphenols have been suggested to lower
the risk of type 2 diabetes [29]. Polyphenols from coffee, guava tea, whortleberry, olive oil, propolis, chocolate, red
wine, grape seed, and cocoa have shown anti-diabetic effects in type 2 diabetes patients by promoting the uptake of
glucose in tissues, glucose metabolism, and vascular function, reducing insulin resistance, HbAlc and inhibiting
glucose absorption in the gut [30, 31].

Studies in animal and cellular models have indicated that propolis modulates oxidative stress, the accumulation of
advanced glycation end products, and adipose tissue inflammation, all of which contribute to insulin resistance or
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defects in insulin secretion. Consequently, propolis treatment may reduce diabetic complications such as nephropathy,
retinopathy, foot ulcers, and non-alcoholic fatty liver disease [32].

It was observed that propolis treatment on mice consuming fructose significantly reduced plasma insulin levels.
However, no decrease was observed in blood glucose and total cholesterol levels. These findings showed that propolis
can prevent the development of insulin resistance [33]. Chinese propolis and Brazilian propolis can alleviate symptoms
of diabetes mellitus in rats and these effects may partially be due to their antioxidant ability [34].

Studies with streptozotocin (STZ)-induced mouse models of diabetes show that propolis aqueous extracts can protect
pancreatic beta-cells from the harmful effects of streptozotocin, which cause interleukin-1 (IL-1) to be inhibited and
nitric oxide synthases to be produced [35]. Propolis was found to positively control blood sugar and blood fat levels,
as well as to inhibit fat peroxidation and the emergence of free radicals, in a study conducted on diabetic rats [36].

The CAPE component of propolis can prevent the oxidative stress brought on by diabetes, and because of its
antioxidant property, it reduces oxidative stress by preventing SOD and CAT pathways, according to recent studies
on diabetes and propolis. Additionally, while diabetes has a negative impact on heart diseases, propolis can prevent
the oxidative stress brought on by diabetes [37].

Studies with animal models of type 1 diabetes induced by streptozotocin or alloxan have shown that under propolis'
anti-oxidative stress effects, it reduced blood glucose increase, complications of diabetes, and oxidative stress
associated with elevated blood glucose [34, 38-40].

In animal models of type 2 diabetes, several administration methods of ethanolic extract of Brazilian propolis (100-
300 mg/kg and 4-12 weeks) showed reduced obesity-associated inflammation in white adipose tissue, corrected
insulin resistance, and attenuated increase in blood glucose and blood pressure [41-43]. A single-component chrysin
administration for 16 weeks at 40 mg/kg, reduced diabetic nephropathy in diabetic rats [43].

There are several randomized, double-blind, placebo-controlled clinical trials with Iranian propolis on the anti-
diabetes effects of propolis in patients with type 2 diabetes. Trials show a significant decrease in fasting blood glucose,
blood hemoglobin Alc (HbALlc), and insulin concentration with different doses and duration plans such as 900 mg/day
Iranian propolis for 12 weeks [44], 1 g/day Iranian propolis (total phenolic content: 28%) for 90 days [45], and 1.5
g/day Iranian propolis for 8 weeks [46], respectively. Moreover, a systematic review and meta-analysis of six studies
published up to 2018 showed that propolis significantly reduced fasting blood glucose and HbAlc concentration in
patients with type 2 diabetes [47]. In a trial by Zakerkish et al., the levels of high-density lipoprotein (HDL-C)
significantly increased in diabetic patients following a propolis intake of 1000 mg/day for 90 days [45].

There are a few randomized, double-blind, placebo-controlled clinical trials with Brazilian green propolis on the anti-
diabetes effects of propolis in patients with type 2 diabetes with different doses and duration times. Contrary to studies
with Iranian propolis, trials could not show a significant decrease in fasting blood glucose, blood HbAlc (226.8
mg/day, 8 weeks) [48], (900 mg/day, 18 weeks) [49]. But it did inhibit hyperuricemia and impairment of glomerular
filtration [47].

Obesity and Propolis

Obesity is a global public health problem that is becoming more prevalent among adults and children [50]. A high-fat
or unbalanced diet over time contributes to obesity [51, 52], as evidenced by the rising global overweight ratio [53].
A recent study found that natural products, particularly those high in polyphenols, have a high therapeutic value in the
prevention and treatment of obesity by inhibiting adipocyte lipid accumulation [54].

Propolis has long been recognized as a natural nutraceutical due to its anti-inflammatory, and antioxidant properties
[55] and it has major anti-obesity effects. Increasing evidence on animal and cellular models suggests that propolis
extracts have therapeutic effects on obesity by controlling adipogenesis, adipokine secretion, food intake, and energy
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expenditure [32]. CAPE, a major component of propolis, has an anti-obesity effect on high-fat diet-induced
adipogenesis at an early stage by regulating cyclin D1 [56]. Propolis treatment reduced body weight gain and increased
thermogenesis in adipose tissue while reducing visceral adipose tissue accumulation [57, 58].

Repeated intraperitoneal injection of Brazilian propolis extracts (100 mg/kg, twice a week for 12 weeks) significantly
decreased mesenteric adipose tissue mass, but epididymal and inguinal adipose tissue was not affected [41].
Intraperitoneal administration of ethanolic extract of 100 mg/kg Brazilian green propolis to obese mice for 2 weeks
[41] and 12 weeks [59] significantly reduced visceral adipose tissue weight. 10 days of oral administration of 50 mg/kg
Brazilian green propolis extract attenuated an increase in body weight and visceral adipose tissue weight in a mouse
model of diet-induced obesity. And the same study also showed that 25 mg/kg propolis ethanol extract attenuated
body-weight gain in pre-existing obese mice [58]. Similarly, 14 weeks of oral administration of 2% ethanolic extract
of Brazilian propolis (ArtC content: 6.1%) with a high-fat diet attenuated weight gain and body fat accumulation [60].
It's been assumed that propolis decreases fat absorption due to the fat content of mice's feces. Ichi et al. report that
propolis might regulate adipose tissue hypertrophy via repression of peroxisome proliferator-activated receptor
gamma (PPAR-y) in high-fat diet-induced obese rats [61].

Administration of 50 mg/kg ethanol extract of Croatian propolis for 30 days [62], and 20 mg/day ethanolic extract of
poplar-type propolis for 12 weeks [63] significantly decreased body fat accumulation in a mouse model of diet-induced
obesity. Studies on CAPE or chrysin as a sole component of propolis showed a significant reduction in body weight
in mice fed with a high-fat diet containing CAPE (0.02—0.5%) [32], and chrysin (100 mg/kg) [64]. Other outcomes of
these studies were decreased epididymal white adipose tissue weight, inhibition of pancreatic lipase, and, an increase
in voluntary exercise. CAPE seems to be one of the compounds responsible for the anti-obesity effects of propolis.
None of these studies have determined the individual factors or, the possible action mechanism of the anti-obesity
effect.

It’s been reported that the effects of propolis were different between adipose tissues. In general, visceral adipose tissue
is more sensitive to propolis than subcutaneous adipose tissue. Propolis has the potential to normalize dyslipidemia,
so can be effective on obesity from that perspective also [56].

Dosage and Safety

Research on the recommended dosage of propolis is still ongoing. Clinical investigation in mice and humans reports
that propolis and its constituents are generally well tolerated and non-toxic unless administered in very large quantities
[3]. Burdock [6] suggested that as a safe dose, humans shouldn’t consume more than 1.4 mg/kg body weight/day or
almost 70 mg/day. Doses of 300 mg/day have been used safely for up to ten months. Higher doses should be avoided
[65]. Because of the scarcity of human clinical studies on propolis, it has been suggested that dosage be taken into
account [66]. There have been insufficient studies on the acute and chronic toxicity of propolis. Studies in mice and
humans have not shown any harmful or toxic effects of propolis. Propolis administration at doses of 200 and 5000
mg/kg body weight/day did not result in toxic deaths in experimental animals, and it was reported as safe [6, 66].
However, more than 26 allergenic substances have been identified in the composition of propolis. The most common
allergic reaction is due to esters of caffeic acid and cinnamic acid obtained from poplar buds. They cause a contact
allergic reaction in hypersensitive individuals. The presence of these esters in other materials may also cause cross-
allergic reactions [67]. The LD50 (lethal dose 50) value in mice ranges from 2—7.3 g/kg. The no observed adverse
effect level (NOAEL) in mice was over 1470 mg/kg/day at 60 days and over 2470 mg/kg/day in rats at 90 days. Toxic
effects in humans occur at doses as high as 15 g/day [68]. High dosages may cause pro-oxidant effects, unlike
antioxidants [69]. Its safety is unclear to use in pregnancy and lactating women; its use should be avoided [65].
Propolis can also give negative effects like dermatitis in the case of excess use [6]. Propolis has the potential to cause
allergic reactions, particularly in people who are allergic to other bee products. Propolis lozenges can cause irritation
and mouth ulcers [70].
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Propolis consumption may increase the risk of bleeding in people with bleeding disorders, and during and after
surgery. Hence, patients must stop consuming propolis 2 weeks before surgery [71].

Propolis and Drug Interactions

Propolis has interactions with some drugs which are duloxetine, warfarin, praziquantel, donepezil, levodopa,
metformin, anticancer drugs, and finally antimicrobial drugs. Duloxetine and warfarin are affected negatively by the
propolis but the other drugs are affected positively by the propolis or combining two of them together gave better
consequences for the treatment [72—74]. Raw, water-soluble propolis combined with chemotherapeutic agents has
been shown in studies to potentially reduce post-chemotherapeutic reactions, maximize enhanced immunity, and
increase treatment efficacy without causing drug interactions [75]. Another study found that whether propolis interacts
with chemotherapeutic drugs is still unknown, and its use during chemotherapy is contradictory [76].

Propolis intake during metformin therapy may give positively better consequences because propolis protects
pancreatic B-cells from free radicals and inhibits oxidative or inflammatory damage resulting in functional production
of insulin, increased insulin sensitivity, and thus low concentrations of glucose in the blood [74]. When propolis-
involved products are taken at the same time as warfarin therapy, the activity and efficiency of warfarin would be
inhibited or reduced related to chemical compounds that propolis involved [72]. When the propolis was taken into the
body, the formation of the main metabolite of duloxetine called 4-hydroxy duloxetine decreased because of the
inhibition activity of responsible enzymes. Propolis has an inhibitory effect on the action mechanism of CYP1A2 and
CYP2D6 which metabolite duloxetine [77].

Conclusion

The utilization of various natural products for their health benefits is an early concept that dates back to ancient times.
Propolis contains flavonoids and phenols, which add to its biological activity as a natural remedy for treating infected
wounds, guarding against diabetes and cancer, and promoting cardiovascular health. Antioxidant and anti-
inflammatory properties of propolis seem to be linked to its ability to promote health. The common suggestion is the
need for further clinical and human trials to better understand the physiology and chemical composition of propolis
so that there may be set guidelines for customized dosages for certain diseases.
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