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Abstract

Propolis is a sticky, resinous material gather from plants and is blended with wax and other constituents. It is
reported to have anti-inflammatory, anti-oxidative and blood glucose-lowering properties. This review aims to
summarise evidences for the cellular and molecular mechanism of Propolis in inflammation, oxidative stress, and
glycemic control. Propolis stimulate the production and secretion of anti-inflammatory cytokines and to inhibit the
production of inflammatory cytokines and due to its various antioxidant and poly-phenolic compounds may has a
role in control and treating some of the chronic diseases. Most studies have shown that Propolis may affect
metabolic factors including plasma insulin levels, and it has proposed that it could be used in the prevention and

standardized agents.

treatment of T2D Mellitus. In general, to demonstrate the definite effects of Propolis on chronic diseases, more
studies are required using larger sample sizes and various doses of Propolis, using better characterized and
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Introduction

Propolis is a sticky, resinous material that bumble bees
(Apis mellifera L.) gather from different plants and blend
with wax and other constituents [1]. This material is col-
lected by worker bees from the leaf buds of numerous
tree species such as pine, alder, palm birch, poplar, and
willow. The term Propolis derives from the Greek pro
(for ‘before’, ‘at the passage to’) and polis (‘society’ or
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‘city’) and means a substance produced by the hive [2].
Propolis has been used in complementary and alterna-
tive medicine in the past decades. There are over 300
potentially active ingredients in Propolis, which include
comarins, phenolic aldehyde, steroids, amino acids and
polyphenols [3]. Due to its potential medicinal proper-
ties, Propolis has been used for many different purposes
such as immune enhancement, antibacterial effects, anti-
inflammatory properties, antitumor, and anti-oxidant
effects for several years [4, 5]. Because of the increased
prevalence of chronic diseases, for example type 2 dia-
betes (T2D, therapeutic strategies for the prevention and
treatment of these diseases may be useful in reducing
the societal burden of these problems [6, 7]. The general
recommendation for controlling chronic diseases include
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medicinal interventions and lifestyle modification (in-
creased physical activity and diet modification) [8]. But
these therapeutic approaches have some limitations,
such as side effects of medications and severe dietary re-
striction that may be difficult to achieve compliance,
therefore interest in complementary therapies has in-
creased with the use of natural compounds with the
minimum complications [9-12]. In previous studies in
animal models, and clinical studies it has been shown
that Propolis can improve glycemic control [13, 14].
However these effects have not yet been conclusively
proven, and the mechanism of Propolis effects has not
been fully clarified.

The purpose of this paper was to review the previous
studies of Propolis and its possible mechanisms in redu-
cing inflammation, oxidative stress and glycemic indices
in various diseases.

Propolis features and its components

Propolis is a natural viscose material made by honey
bees and derived from parts of some plants [15]. Various
studies have shown that the composition of Propolis is
largely influenced by the honeybee species, geographic
zone, food sources, and plants that the honey bee has
used Nevertheless, it has been shown that Propolis from
different parts of the world, including the Netherlands,
China, Brazil and Peru, have similar antioxidant and free
radical scavenging properties [16, 17]. The active ingre-
dients of Propolis include: hydrocarbons, minerals, ter-
penoids, polyphenols, vitamins, amino acids, and several
other active components are different depending on the
geographical location and the species of honey bee [18].
The composition of Propolis comprises: 30% wax and
50% viscose resin, pollen, other organic materials and es-
sential oils, account for 25% of its compositions [19].
Propolis bioactive active ingredient maybe as much as
70%, of which 58% is polyphenols and 20% flavonoids
[20]. Various studies have shown that the major ingredi-
ents of Propolis derived from different regions of the
world, such as Taiwan, New Zealand, Croatia, Africa,
China and South Korea, are largely similar, these results
are based on the characterization of various Propolis
compounds using high-performance liquid chromatog-
raphy (HPLC) gas chromatography (GC) and mass spec-
trometry (MS) [21, 22]. The main constituents of Iranian
Propolis, include aromatic acids and their esters (mainly
benzoic acid, vanilliacid, ferulicacid, p-coumaricacid, and
caffeicacid), alkaloids (including 12-azabicyclo [9.2.2]
pentadeca-1 (14),11(15)-dien-13-one and oreophilin),
terpenes (mainly 3-tetramethyl, germanicol), flavonoids
(mainly included pinostrobinchalcone, osthole, 2,4,
6'-trihydroxy chalcone, and 3-methyl-but-2- enoica-
cid,2,2- dimethyl-8-ox0-3), and fatty acids and their
related esters (mainly oleic acid, palmitic acid, stearic
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acid, margaric acid, and eicosanoic acid) [16]. The
main compound of Propolis that has biological effects
is caffeic acid phenethyl ester, that the amount of
which was 12mg / g Propolis in one study [23].

Antioxidant property of Propolis

Previous studies using 2,2-diphenyl-1-picrylhydrazyl
(DPPH), ferric-reducing antioxidant power (FRAP), 2,2"-
azino-bis  3-ethylbenzothiazoline-6-sulphonic  acid
(ABTS"), and oxygen radical absorbance capacity
(ORAC) methods have demonstrated the antioxidant
properties of Propolis [24—26]. Propolis antioxidant ac-
tivity is similar in mechanism to synthetic antioxidant
butylated hydroxytoluene and vitamin C [27]. Propolis
has 30-200 mg (GAE)/g phenolic of gallic acid equiva-
lents of dry weight and 30-70 mg (QE)/g flavonoid of
quercetin equivalents [28]. The activity of DPPH free
radical-scavenging of Propolis is about 20-190 ug/mL
[25]. Actually, different types of Propolis based on the
origin of its botanic and collecting season are reported
[29]. According to the Bankova classification, six major
kind of Propolis were identified: poplar Propolis, Brazil-
ian green Propolis, birch propolis, red Propolis, Canarian
Propolis and pacific Propolis, [29]. Each component of
Propolis has their own biological activity. Generally, the
types of compounds are the same in most types of prop-
olis, but the amount is different [26]. Strong antioxidant
property of the Brazilian green Propolis refers to its con-
tent of 3,5-dicaffeoylquinic acid, 3,4,5-tricaffeoylquinic
acid, artepillin C and 4,5-dicaffeoylquinic acid [28].
European (Italy and Russia) Propolis compared to Brazil-
ian propolis has greater amount of polyphenolic and
thus antioxidant activity [30]. Antioxidant content of
Propolis affected by various factors, like plant origin, bee
species, temperature, geographic location, season vari-
ation and storage conditions [27, 31]. Moreover, the bio-
chemical composition and bioavailability of Propolis
extracts affected by the solvents agent used for the ex-
traction [32]. Use of solvent with high ethanol concen-
tration results in extraction of Propolis with more
antioxidant content [28]. It shows polar solvents obtains
more antioxidant activity than the nonpoplar agents
however, type of Propolis sample also affects this issue.

Molecular mechanism of inflammation

Inflammation is a protective response of immune cells
and vascular tissue injuries stimuli such as damaged cells
and pathogens [33]. Inflammation is a protective mech-
anism that may eliminate the harmful stimuli and lead-
ing to beginning the process of healing [33]. It can be
summarised by the following processes: phagocyte emi-
gration, accumulation of monocytes, neutrophils, macro-
phages and loss of tissue function [34]. During the
process of inflammation, macrophages activated the
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release of pro-inflammatory cytokines including of
tumor necrosis factor-a (TNF-a), Interleukin 1(IL-1)
and Interleukin 6 (IL-6). These macrophages stimulate
the translocation of nuclear factor-kappaB (NF-kB). NE-
kB has a major and significant role in the stimulation of
cytokines and inflammatory mediators [34—36]. The NF-
kB is critical mediator in induction of genes involved in
apoptosis and also it is key mediator in expression of
pro-inflammatory and inflammatory cytokines genes in-
cluding of TNF-a, IL-1, IL-2, IL-6 and IL-8 [37]. Also,
NE-kB stimulates the production of nitric oxide synthase
(NOS) enzyme and NOS generates nitric oxide (NO)
that is an inflammatory mediator [38]. NO produced in
inflammatory and endothelial cells and it can lead to tis-
sue damage and ultimatly these processes may lead to
pain and inflammation [39, 40]. Activator protein-1 (AP-
1) is another transcriptional factor that has a critical role
in cellular functions such as apoptosis and proliferation.
Also, during infection, AP-1 may act in concert with
NF-«xB and stimulates the inflammatory response [41].
Also, phagocytic cells, mast cells and endothelial cells
my generate important inflammatory mediators by using
plasma membrane lipids. Cytoplasmic membrane phos-
pholipids and some of enzymes activated several extra
and intracellular phospholipases such as lipoxygenase
(LOX) and cyclooxygenase (COX) which play a main
role in eicosanoid acid and arachidonic acid (AA) me-
tabolism and ultimately producing major inflammatory
factors such as leukotrienes and prostaglandins [42]. All
of these mediators play a critical role in inflammatory
process. LOX enzyme converts arachidonic acid to leu-
kotriene A4 and produces leukotrienes B4. COX-1 and
COX-2 coverts arachidonic acid to prostaglandin H2
and produces prostaglandins, thromboxanes and prosta-
cylins [42, 43].

Role of Propolis in inflammation

Propolis is reported to be a strong anti-inflammatory
agent [44]. In recent years, in vitro and in vivo studies
have been performed on the Propolis effects on inflam-
mation, though the molecular mechanism for this prop-
erty is not known [44, 45]. Caffeic acid phenethyl ester
(CAPE) is a major constituent of Propolis, which is de-
rived from the honeybee hives and it has anti-
inflammatory effects. CAPE is a potent modulator of AA
and it prevents the release of AA from the cell mem-
brane and inhibits gene expression of LOX and COX en-
zymes that are involved in the AA metabolism pathways
[46]. In in vitro and in vivo condition, the ethanol ex-
tract of propolis inhibited leukotriene and prostaglandin
production. The effect of propolis on COX may be in re-
sult of its flavonoids, which have been demonstrated to
suppressed prostaglandin endoperoxide synthase [46]. It
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also suppresses the activation of COX-1, COX-2 and
gene responsible for COX-2 expression [47].

In Jurkat cells, CAPE has been shown to inhibit the ac-
tivation of NF-kB by limiting the formation of nuclear
factor of activated T cells (NFAT)-DNA and NF-kB
DNA complexes and in result retarding NF-kB-
dependent transcription [45, 48, 49]. In CAPE treated
Jurkat cells, there was limited transcriptional activity of a
Gal4-p65 hybrid protein and binding of NF-kB to DNA
and also CAPE-mediated prevention of binding with
DNA and activity of NFAT transcription was seen [48].

It has also been demonstrated that CAPE inhibits the
production of inflammatory cytokines and increases the
production of anti-inflammatory cytokines, including IL-
10 and IL-4 [50]. Furthermore, stimulated T-cells, it
inhibited the synthesis of IL-2 and also gene transcrip-
tion of IL-2 [48, 51]. One study showed that CAPE at a
dose of 0.1-25 pg/ml suppresses the production of
TNF-a and interleukin (IL)-8; it eventually retards the
expression of NF-kB, COX-2 and AP-1 [52]. Also, CAPE
decreases the infiltration of monocytes and neutrophils
that these are inflammatory cells [53]. Another study
showed that CAPE interrupt in the interaction of the lig-
and (LPS) with the receptor complex (TLR4/MD2) and
therefore it inhibited the activation of Toll-like receptor
4 (TLR4). TLR4 receptor is dysregulated in chronic in-
flammatory diseases. Therefore, CAPE may be effective
in inflammatory diseases [54].

Propolis and its effect on APAP-induced liver injury

One animal study examined the preventive effects of
ethanol extract of Brazilian green Propolis (EEBGP) on
hepatocellular necrosis in rats and anti-inflammatory ef-
fect of its including the expression of inflammatory
genes. In this study, 291 mg/kg/day EEBGP was adminis-
trated, for 1 week. The result of this study showed that
administration of EEBGP for 1 week in diet before N-
acetyl-p-aminophenol administration of APAP reduced
the percentage of hepatocellular necrosis. A possible
mechanism for the anti-inflammatory effect of EEBGP is
moderation of the inflammatory process. EEBGP admin-
istration decreased the mRNA inflammatory cytokines
expression including IL-10 and IL-1f and as a result it
lead to decreasing in the hepatocellular necrosis percent-
age [55].

Propolis and its effect on gastrointestinal disease

An in vitro study on the formation and development of
Giardia duodenalis trophozoites showed that Propolis
inhibited formation and development of the trophozoites
and prevented the attachment of these parasitic organ-
isms to the epithelial cells [56]. This study demonstrated
transformation of the pear-shaped cell and decrease
beating frequency of flagellar in the trophozoites [56].
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Another experimental study indicated the antihistami-
nergic, antiinflammatory, anti-H. pylori activities and
antiacid, of Propolis that could be used for the treatment
of gastric ulceration [57]. Artepillin C and another phen-
olic mixtures available in Brazilian Propolis clears free
radicals and decrease the oxidative stress relevant to in-
flammation [57]. Treatment with Propolis attenuated the
levels of LPS (lipopolysaccharide) and down-regulated
the TLR4 pathway and expressions of inflammatory
markers in muscle of experimental mice, and improved
serum triacylglycerols and glucose levels, also decreased
inflammatory cytokines and endotoxemia by inhibiting
dysbiosis in mice experimented with a high-fat diet [58].

Propolis and its effect on ulcerative colitis

The two major forms of Inflammatory bowel disease
(IBD) are Crohn’s disease and ulcerative colitis (UC).
Crohn’s disease and UC are relatively rare disorders, but
they result in frequent use of health care resources.
Crohn’s disease and UC share some clinical characteris-
tics, including diarrhea, fever, weight loss, abdominal
pain and anemia [59]. Transcription factor NF-kf3 over-
expressed in patients with UC [60]. In inflammatory
phase, NF-kp is up regulated by IL, TNF-«, chemokines,
interferon, and DNA damaging agents [61]. In UC pa-
tients, due to the over stimulation of NF-kf, inflamma-
tory mediators levels of pro inflammatory cytokines,
including IL-1B, IL-6, TNF-a and interferons increase
[62]. One study showed that administration of 5,10,
20 uM CAPE for 2 h suppresses translocation of NF-«f,
either by blocking of NF-kf or by inhibition of Ikp deg-
radation [63]. Fitzpatrick et al. showed that CAPE 30
mg/kg/day for 1 week administered to rats, suppressed
the NF B pathway, induce the macrophages apoptosis
and decreasing the production of pro inflammatory me-
diators [64]. Khan et al. investigated the effects of CAPE
in a mice with acute colitis by intraperitoneal injection
of CAPE 30 mg/kg/day. The result of study showed that
pro-inflammatory cytokines levels in colon, including
IL1-B, IL6, INF-y, TNF-a, and IL10 were considerably
increased in mice with colitis, as compared to healthy
mice [65]. On the other hands, Flavonoids are the major
active components of Propolis and many study investi-
gated the role of these flavonoids in UC patient. One
study showed that flavonoids from Propolis had anti-
inflammatory properties. These flavonoids suppressed
the activation of NF-«xf and also it inhibited inflamma-
tory genes expression such as TNF-a and IL-6 [66]. An-
other ingredient of Propolis are quercetin flavonoids.
One study in DDS-induced colitis in rat showed that
quercetin inhibited the NF-kB pathway. In this study,
quercetin with dose of 1, 10, 50 uM for 1h are used.
The result of this study showed that quercetin sup-
pressed the NF-kB and as a result stimulated the nitric
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oxide synthase expression. But, the molecular mecha-
nisms of these pathway are yet unknown [67].

Propolis and its effect on cancer

Propolis has selective toxic effects on tumor cells so that
it inhibits tumor cells and has low or no toxicity effects
on normal cells [68]. The anticancer property of ethanol
extract of Chinese Propolis at concentration of 25, 50,
100, and 200 pg/mL was shown to have selective toxic
properties, being dose and time dependent; ethanol ex-
tracts of Chinese Propolis had minor toxicity effect on
normal cells at 100 pug/mL [68]. The involved mecha-
nisms mainly contain regulation of p53 proteins and
ANXA?7, inhibition of NF-kB, mitochondrial membrane
potential regulating and ROS [68]. Galangin, one of the
major flavonoid in Propolis notably caused apoptosis
and prevented melanoma cells in vitro study [69]. Also
Propolis prevent of cell proliferation via stimulating
endoplasmic reticulum stress, caspase activity, apoptosis,
and decreasing the potential of mitochondrial membrane
[70]. Propolis has cytotoxic activity with inhibition of
MCE-7 and HelLa cells in cervical and breast cancer, this
study indicated Propolis has an anticancer property [71].

Propolis and its effect on diabetes

Previous investigations have shown that in diabetes mel-
litus the production of inflammatory cytokines including
IL-1 [72], IL-6 and TNF-«a increase [73]. Propolis has
potent anti-inflammatory effects and it can inhibit the
levels of these mediators [74, 75]. One study in type 2
diabetes mellitus (T2DM) patients demonstrated that
Propolis at a dose of 1000 mg/ day administration for 3
months, significantly decreased hs-CRP and TNF-a
levels but had no significantly difference seen for the
serum IL-1p and IL-6 levels [76]. In Zhao et al. study
Propolis supplementation with dose 100 and 900 mg/day
for 18 weeks, in T2DM patients, significantly decrease
serum levels of TNF-«, but it increase serum levels of
IL-1B and IL-6. As a result propolis is effective in im-
proving antioxidant function in diabetes mellitus [77].

Propolis potential mechanisms for anti-inflammatory
properties is shown in Fig. 1.

In diabetic patients, the production of ROS and oxida-
tive stress are elevated and antioxidant function is
greatly reduced in some degree [78]. Also hyperglycemia
by autoxidation of glucose, production of glycosylated
products and polyol pathway, increases oxidative stress
in this patients [79]. Moreover, dyslipidemia and chronic
inflammation significantly enhance the oxidative stress
in type 2 diabetes [78]. Propolis by reducing oxidative
stress may protect vascular function against high glucose
level [18, 77]. Animal study indicated that Brazilian
green Propolis increased antioxidant balance in diabetic
rats [80]. Clinical trials [18, 77] showed that Brazilian
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Fig. 1 The probable anti-inflammatory effects of Propolis. Abbreviations: LOX; lipoxygenase. COX; Cyclooxygenase. TNF-a; Tumor Necrosis Factor
Alpha. IL-13; Interleukin 1. IL-4; Interleukin 4. IL-10; Interleukin 10. AP-1;Activator protein 1.TLR4;Toll Like Receptor 4. NF-kB; nuclear factor kappa B
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green Propolis remarkably increased serum GSH, and
decreased serum carbonyls (oxidized proteins marker).
In addition, serum total polyphenols were elevated. This
indicated that the polyphenols of Propolis are bioavail-
able and after absorption acts as antioxidants [18, 77].
Antioxidant effects of Propolis in some diseases is shown
in Fig. 2.

The potential effects of Propolis on oxidative stress
and inflammation in clinical trial studies are shown at
Table 1.

Propolis and glycemic control

Type 2 diabetes (T2D) is a metabolic disorder speci-
fied by an increased blood sugar that results from in-
adequate insulin function and is associated with poor

insulin release in insulin-sensitive tissues [83]. The in-
creasing incidence of T2D in developed countries has
increased the interest in research on natural com-
pounds for prevention and control of this disease [14,
84]. The glycemic control goals established by the
American Diabetes Association (ADA) are: fasting
plasma glucose 80-130 mg/dL, glycosylated
hemoglobin (A1C) <7.0%, and casual plasma glycemia
<180 mg/dL [85]. In T2D, the antioxidant defense
system is altered, and the inability of the body to
scavenging free radicals may play a major role in tis-
sue damage in diabetes [86]. Based on previous stud-
ies, it has been shown that Propolis supplementation
can improve glycemic indices in subjects with T2D
[8]. Previous studies have shown that Propolis has a

Fig. 2 The probably antioxidant effects of Propolis in some chronic diseases. Abbreviations: GSH; Glutathione. LDH; Lactate dehydrogenase. MCF-
7; human breast adenocarcinoma cell line. TLR4;Toll Like Receptor 4. ROS; Reactive Oxygen Species
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positive effect on diabetes factors in animal studies
[1, 13].

The control of hyperglycemia that increases the risk of
pathogenicity and mortality due to complications of dia-
betes can be very helpful in improving of diabetic patient
status [87]. Glycosylated hemoglobin (HbAlc) that cor-
related with long-term hyperglycemia, and fasting blood
glucose (FBG) are the most important markers to pre-
dict the complications of diabetes and improve of these
factors can be very effective in controlling T2D [88, 89].
HbAlc and FBG are effective predictors of micro-
vascular complications in T2D patients [90]. It has been
shown in some animal studies that Propolis can reduce
FBG and HbAlc [81, 82, 91, 92]. Afsharpour et al. have
shown that supplementation with Propolis (1500 mg/day
during 8-week) could significantly decrease FBG and
HbA1lc in diabetic subjects [93]. Propolis, due to antioxi-
dant properties, can also potentially help to reduce the
complications and improve metabolic abnormalities (de-
crease of FBG and HbAlc levels) in T2D patients [29].
In a study done in Egypt on patients with T2D, Propolis
supplementing with a dose of 400 mg/day for 6 months
reduced FBG and HbAlc levels [14]. However, some
studies have shown that Propolis has no significant effect
on FBG and HbAlc [18, 94] for example in Zhao et al.
study supplementation with 900 mg/day Propolis during
18-week had no significant reduction effect on FBG and
HbAlc [77]. Inconsistencies in the Propolis effects on
glycemic factors during the different studies probably
due to: different doses of propolis supplementation, and
different geographical origin of Propolis sample, and dif-
ferences in the duration of intervention in patients [95].

Insulin resistance is one of the first features of type 2
diabetes, and so improving insulin resistance is one of
the most important goals in the type 2 diabetes treat-
ment [96]. In one animal study, encapsulated Propolis
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could improve insulin resistance in diabetic rats with in-
crease insulin sensitivity mechanism [97]. In another
study Propolis supplementation with dose 100 and 300
mg/kg, for 8 weeks in male Wistar rats improved insulin
resistance by decreasing insulin plasma levels [98]. Many
experimental studies showed that Propolis has beneficial
effects on insulin sensitivity, blood glucose, HbAlc, and
insulin levels in T2D animal models [92, 97, 99].

In the Zakerkish et al. study administration of 1000
mg/day Iranian Propolis could increase insulin sensitivity
during 3 months in T2D patients [76]. At the opposite
point, supplementation with Brazilian green Propolis
(226 mg/day during 8-week) did not effect on insulin
levels and Homeostatic Model Assessment of Insulin Re-
sistance (HOMA-IR) [94], these different effects are
probably due to different doses of Propolis and the geo-
graphical location that Propolis collection. The Propolis
effects on glysemic control in clinical trial studies are
shown at Table 2. The production of reactive oxygen
species induces hyperglycemia-activated electron-
transport chain in mitochondria that is the essential
mechanism linking between oxidative stress and pancre-
atic B cells dysfunctions [100]. Propolis mechanism for
improving glycemic status is probably due to these rea-
sons; 1- Increase glycolysis and glucose utilization in
liver cells 2- Reduced carbohydrate intake in the gastro-
intestinal tract and intestinal cells 3- Activating of
insulin-sensitive glucose transporters (GLUT-4) and glu-
cose reabsorption by peripheral cells, such as skeletal
muscle cells and 4- Inhibit glucose release from liver
cells to blood circulation, these effects are likely to occur
in doses ranging from 400 to 1500 mg of Propolis in the
man [14, 76, 93, 101-103]. Furthermore, Propolis may
have acted indirectly, by increasing P cell insulin secre-
tion and improving insulin sensitivity [92]. The possible
mechanisms of Propolis effects in glycemic indices control

PROPOLIS INTAKE

Fig. 3 The probable mechanism of Propolis effects in glycemic indices control
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showed in Fig. 3. Studies have shown that Propolis, in
addition to improving glycemic indices, can affect other
metabolic factors including increased plasma insulin levels
and other factors related with glycemic control [18, 77].

Conclusion

The present literature review suggested that Propolis
may be beneficial in inflammatory conditions, oxidative
stress and glycemic control in adults with chronic dis-
eases. Propolis due to its various antioxidant and poly-
phenolic compounds, as well as its lack of significant
side effects and easy availability may has a role in control
and treating some of the chronic diseases. In general, In-
consistency in the Propolis effects in different studies
probably due to the heterogeneity of the Propolis com-
ponents collected from different geographical locations
and also given vary doses in different studies and smal
sample size of studies, therefore more studies are needed
to prove the definite effects of Propolis and to fully
understand its molecular cellular mechanism.
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