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Reducing the Inflammatory Interleukins 
with Anti-Inflammatory and Antioxidant  
Effects of Propolis in Patients with Type 2  
Diabetes: Double-Blind, Randomized  
Controlled, Clinical Trial

ABSTRACT
Objective: This research was designed and conducted 
to evaluate propolis supplementation effects on insulin 
resistance and inflammation in patients with type 2  
diabetes. 
Materials and methods: In the double-blind, rand-
omized controlled study, 60 patients with type 2 dia-
betes were enrolled. Patients were randomly assigned 
to receive Iranian propolis (1500 mg/day for 8 weeks)  
(n = 30) and the placebo (n = 30). The primary end-
point was to detect of changes in the fasting blood 
glucose (FBG), fasting insulin, the homeostasis model 
assessment insulin resistance (HOMA-IR) evaluation 
model, QUICKI, the homeostasis model assessment of 
β-cell function (HOMA-B), and inflammatory factors 
including Interleukin 6 and Interleukin 17 from baseline 
to the end of this study.

Results: Eight weeks after intervention, the mean of 
FBG, fasting insulin and HOMA-IR, were significantly 
decreased in patients treated with propolis com-
pared with the placebo group. Furthermore, there 
was a considerable enhancement in the HOMA-B as  
a measure of β-cell function and QUICKI index after the 
administration of propolis in treated group. Serum IL-6 
and IL-17 were diminished remarkably in the propolis 
group, while there was no significant change in the 
placebo group.
Conclusions: Based on this study, the daily intake of 
1500 mg of bee propolis supplement for 8 weeks 
results in improvement of glycemic status, reduction 
in insulin resistance and inflammatory condition in 
patients with T2D. (Clin Diabetol 2023; 12, 6: 327–335) 

Keywords: propolis, diabetes mellitus, insulin 
resistance, interleukin 6, interleukin 17

Introduction
Diabetes mellitus is one of the main endocrine 

problems with a multifactorial etiology. This severe 
metabolic condition is associated with high blood 
glucose, carbohydrate, lipid and protein metabolism 
defects, and absolute or relative insulin deficiency [1]. 

Several studies showed that patients with diabetes 
had a disturbance in the balance between cytokines. 
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For example, it has been shown that monocyte cells in 
patients with type 2 diabetes tend to produce inflam-
matory cytokines [2]. Some investigations have also 
indicated a high serum level of inflammatory cytokines 
such as interleukin (IL)-18, interleukin-6, tumor necro-
sis factor α (TNF-α), and C-reactive protein in these 
patients [3]. 

On the other hand, diabetes is known as a chronic 
inflammatory procedure associated with insulin resist-
ance, which is associated with systemic inflammation 
and a 2-3-fold increase in plasma concentrations of 
inflammatory cytokines such as TNF-α, interleukin-6, 
interleukin-1β and C-reactive protein [4].

Evidence suggests that T lymphocytes, especially 
TH-17 cells, play the main role in the production of 
inflammation in autoimmune diseases. The TH-17 cells 
stimulate the production of IL-1 and TNF-α in human 
macrophages, secretion of IL-6 and IL-8 from synovial 
fibroblast, and cartilage stimulation to produce metal-
loproteinases [5]. One of the most important intermedi-
ates in the action of TH-17 lymphocytes is interleukin 
17 which is an important prophylactic cytokine and  
a strong inducer for the secretion of other inflammatory 
cytokines such as IL-6, IL-8, IL-1B, TNF-α and granulocyte 
colony-stimulating factor at various levels of epithelial, 
endothelial and fibroblast cells [6]. Interleukin 6 is pro-
duced not only by immune cells, but also at high levels 
by adipose tissue in non-inflammatory conditions [7].

Currently, researchers are looking for alternative 
therapies for diabetes, that could better control blood 
glucose levels while having fewer side effects. One of 
the compositions that have recently been considered 
is propolis. Propolis is a gummy and sticky substance 
that is collected by bees from various herbal sources. 
Propolis is mainly composed of flavonoids, terpenoids, 
phenolic compounds, hydrocarbons, salts, and mine-
rals [8].

In the various models of acute and chronic inflam-
mation, propolis and its subsidiary products exhibited 
anti-inflammatory effects [9]. Several specific effects 
of the propolis extract such as prevention of platelet 
aggregation, and expression of atherogenic growth 
factors [10], the inhibition of cyclooxygenase (COX) and 
consequent inhibition of prostaglandin biosynthesis 
in ulcerative colitis [11], reduction in atherosclerotic 
plaque development through modulation of inflam-
matory mediators [12] and suppressing inflammation-
associated transcription factor NFκB in wound healing 
[13] have been detected. This study aimed to determine 
the effect of oral supplementation of Iranian propolis 
on reducing insulin resistance and inflammatory factors 
in patients with T2DM.

Materials and methods
Study design

Eligible patients with type 2 diabetes (62 patients) 
by using randomized block methods, were randomly 
divided into two groups of intervention (propolis)  
(n = 31) and placebo (n = 31). Patients in the interven-
tion group received 1500 mg/day of propolis in 500 mg  
capsules three times daily. In the control group, pa-
tients received three capsules of the placebo contain-
ing wheat flour, which looked similar to the propolis 
capsules in terms of appearance. The shape, color, and 
size of the placebo were the same as the supplement 
capsules.

Propolis capsules were filled with propolis powder 
collected from Alamut, Qazvin. Propolis was powdered 
and encapsulated by a traditional medicine researcher 
at the Azad University of Tabriz, Tabriz, Iran. All capsules 
had the same appearance and specific identification 
code to which both the researchers and patients were 
blind until the end of the supplementation. To ensure 
blindness, the allocation of the capsules was done by  
a trained researcher who was not involved in this study. 
Patients were closely followed up to control them in 
terms of using propolis capsules and prevent attrition, 
every 7 days by phone call to patients. In this study, 
the evaluation of patients’ compliance with the use of 
propolis capsules by determining the number of the 
remaining capsules at the end of the eighth week of 
the study was performed and patients who had not 
consumed more than 10% of their supplementation 
were excluded from the review process.

Study participants
Patients with type 2 diabetes for less than 10 years 

were screened and enrolled if they were aged 35–55 
years, had moderate physical activity levels, were taking 
oral medication for controlling blood glucose (met-
formin), and there was no change in the therapeutic 
and medicinal usage for at least 2 months before the 
study began. 

Inclusion/exclusion criteria
Screened patients were excluded for any of the 

following criteria: unwillingness to continue partici-
pating in the study; insulin injection; pregnancy and 
breastfeeding; patients with severe renal and hepatic 
impairment; any illness that may affect the study (car-
diovascular, pulmonary, kidney, cancer, etc.); changing 
the dose of blood glucose-lowering drugs; change in 
diet and physical activity; history of any type of allergy; 
smoking; alcohol consumption; travel; the occurrence 
of any side effects due to the intervention.
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Ethical approval
The study was approved by the Ethical Com-

mittee of the Qazvin University of Medical Sci-
ences and also registered by the identification code 
IRCT2017041019669N4 in the clinical trial registry of 
Iran. Before participating in the study, Informed consent 
was received from all patients. This study was a double-
blind, placebo-controlled clinical trial, which lasted 60 
days and involved patients who were selected from 
patients who attended the endocrine and metabolism 
clinics of Velayat Hospital affiliated with the Qazvin 
University of Medical Science.

Data collection
To determine the sample size of the study, consid-

ering a significance level (α) of 0.05 and test power of 
90% to the TNF-α factor in the pilot study of Afsharp-
our et al. [14], the sample size was 16 in each group. 
When a probability drop of 35% was considered, the 
minimum group size for this study was determined to 
be 22. However, in this study, 60 patients with diabetes 
were examined.

The weight measurement was done without shoes 
and with light clothing, using the Seca scale with  
a precision of 0.1 kg, and measurements of height 
were performed using a 0.1 mm accuracy gauge. 
The diet and exercise at baseline were continued and 
were not changed during the study. To control the 
confounding factors of diet and physical activity, at 
the beginning of the study and the end of the eighth 
week, a three-day noncommunicative questionnaire  
(2 days normal and one day off) was collected through 
interviews.

At the beginning and the end of the study, 10 mL 
blood samples were taken from the venous blood of 
each patient. Blood samples were collected in tubes, 
containing EDTA and without it. For serum isolation, 
the blood sample without EDTA Centrifuged (Beck-
man Avanti J-25, USA) at a rate of 3,000 RPM for 10 
minutes. Blood samples were kept at –70 ° C (Snijdes, 
Germany). Serum FBG was measured by the enzymatic 
method (Abbot Model Aclyon 300, USA auto analyzer 
with Pars-Azmone kit), and fasting insulin was analyzed 
by the ELISA kit. To measure insulin resistance, indica-
tors such as the homeostasis model assessment insulin 
resistance (HOMA-IR), and the percentage of activity of 
pancreatic beta cells were used. The homeostasis model 
assessment of β-cell function (HOMA-B) is an index of 
insulin secretory functioning obtained from fasting 
plasma glucose and insulin concentrations. HOMA-IR 
index of software and pancreatic beta cells and indica-
tors QUICKI (quantitative insulin sensitivity check index) 
was also calculated by the formula {HOMA-IR index 

and QUICKI (quantitative insulin sensitivity check index) 
were also calculated by the formula.
HOMA-IR = fasting insulin (mU/mL) * FPG (mmol/l) 
/22.5
QUICKI = 1/[log FBG (mmol/L) + log fasting plasma 
insulin (mU = mL)]
HOMA-B = 20 × fasting insulin (μIU/mL)/fasting glucose 
(mmol/mL) − 3.5

After serum separation, the biochemical param-
eters of inflammatory markers of interleukin 6 and 
interleukin 17 were detected with the ELIZA kit (KOMA 
BIOTECH INC., KOREA). Plates were read at 450 nm us-
ing a microliter plate reader (Bio-Rad, USA). Samples 
were stored at –80° C immediately. The HOMA of insulin 
resistance (HOMA-IR) index, the product of basal glu-
cose and insulin levels divided by 22.5, is regarded as 
a simple, inexpensive, and reliable surrogate measure 
of insulin resistance, while the HOMA of β-cell function 
(HOMA-B) index, computed as the product of 20 and 
basal insulin levels divided by the value of basal glucose 
concentrations minus 3.5, has been proposed to be  
a good measure of β-cell function.

SPSS Version 20 software was used to analyze data. 
The normality of the distribution of data was assessed by 
a Kolmogorov-Smirnov test. The biochemical outcomes 
are presented as a mean ± standard deviation. The 
comparison of the mean changes in the levels of varia-
tion in the groups was done using paired-test methods. 
The independent t-test was used to compare the mean 
changes in the intervention group with the placebo.  
P-value < 0.05 is considered statistically significant.

Results
At the beginning of this investigation, 70 patients 

were qualified. At the end of the study, 62 patients com- 
pleted the study. Two patients withdrew from the study 
because of personal reasons. Their data were excluded 
from the final statistical analysis (Fig. 1).

Demographic characteristics and dietary intake
There were no significant differences in age, 

weight, body mass index (BMI), metformin dose, and 
duration of diabetes between two groups at baseline 
(Tab. 1). Also, the mean of energy and macronutrient 
intake were shown before and after the intervention 
in two groups in Table 2. There are no significant dif-
ferences in the mean of energy, protein, fat, saturated 
fatty acids, unsaturated fatty acids and fiber (p > 0.05).

IL-6 and IL-17
Table 3 shows the biochemical parameters before 

and after 8 weeks of intervention. As it is seen, after 
the administration of propolis, serum IL-6 and IL-17 
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were diminished remarkably in the propolis group, 
while there is no significant change in the placebo 
group. It was a considerable discrepancy in mean of 

IL-6 changes (p = 0.017) between the two groups, and 
IL-17 in Propolis-treated groups declined significantly 
(p = 0.02). Inside-group analysis, showed remarkable 
changes in IL-6 (p < 0.031) and IL-17 (p < 0.015) in 
the propolis group. There was no significant decrease 
in IL-6 and IL-17 in the placebo group

Insulin resistance indices
Findings of FBG, fasting insulin, HOMA-IR, QUICKI and  

HOMA-B in both groups before and after intervention  
are presented in Table 4. The mean FBG concentra-
tion in the two groups was not significantly differ-
ent before the intervention. However, after 8 weeks,  
a significant decrease in FBG levels was observed in 
propolis group.

According to the Table 4, before the intervention, 
fasting insulin index was not significantly different in 
the two groups, but it significantly decreased after the 

Table 1. General Characteristics of the Subjects at  
Baseline

Variables Propolis [n = 30] 

Mean ± SD

Placebo [n = 30] 

Mean ± SD

Age [y] 51.81 ± 6.35 49.05 ± 8.2

Weight [kg] 68.2 ± 9.7 70.76 ± 11.7

BMI [kg/m2] 26.7 ± 2.8 27.01 ± 3.7

Physical activity 

[Met-hour/week]

30.024 ± 7.69 30 ± 6.03

Metformin dose 1518.17 ± 329.2 1502.26 ± 410.91

Diabetes duration 5.47 ± 3.6 5.38 ± 3.1

Data are mean ± standard deviation (SD)
BMI — body mass index

Figure 1. Enrollment and Outcomes of the Study

Enrolled patients (n = 72)

Excluded patients (n = 10)
(refused to participate)

Randomized to study (n = 62)
Propolis (n = 31)
Placebo (n = 31)

Completed 8 weeks study (n = 60)
Propolis (n = 30)
Placebo (n = 30)

Discintinued
Propolis (n = 1)
Placebo (n = 1)

Table 2. The Average Intake of Calorie and Macronutrients at the Baseline and End of the Study

Outcome Mean ± SD 

Propolis [n = 30]

Mean ± SD 

Placebo [n = 30]

Adjusted mean  

difference (95% CI)

At baseline After 8 weeks At baseline After 8 weeks

Energy [kcal] 2060.10 ± 411.40 2089.85 ± 724.97 2115.03 ± 457.96 2070.28 ± 767.13 [–358.13, 397.27]

Protein [gr] 80.27 ± 19.04 81.05 ± 19.11 84.95 ± 23.67 83.54 ± 21.65 [–12.82, 7.84]

Carbohydrate [gr] 267.54 ± 45.18 268.05 ± 95.12 270.17 ± 52.16 271.32 ± 38.02 [–39.93, 33.39]

Fat [gr] 70.47 ± 16.22 68.55 ± 37.01 72.14 ± 20.48 71.31 ± 24.11 [–18.57, 13.05]

Saturated fatty acids [gr] 17.02 ± 5.18 18.45 ± 6.09 16.48 ± 5.56 16.72 ± 4.11 [–0.9, 4.36]

Monounsaturated  

fatty acid [gr]

24.08 ± 7.11 24.19 ± 9.15 22.02 ± 6.08 23.18 ± 7.14 [–3.14, 5.16]

Polyunsaturated  

fatty acid [gr]

18.11 ± 6.08 17.45 ± 5.111 17.15 ± 7.09 18.01 ± 5.11 [–3.15, 2.03]

Fiber [gr] 6.9 ± 1.72 6.13 ± 3.72 6.25 ± 1.9 6.93 ± 3.57 [–1.87, 1.81]

Data are shown as the mean ± standard deviation (SD)
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intervention in the propolis group compared to the 
placebo group (p=0.01), while the mean change in this 
index did not change in the placebo group after the 
intervention. The mean of the HOMA-IR index was not 
significantly different between the two groups before 
the intervention; however, after the intervention, there 
was a substantial difference between the two groups 
(p = 0.02). After 8 weeks intervention, HOMA-B as  
a measure of B-cell function in the treated group was 
significantly increased (p = 0.011). However, there 
was no change in the control group. Finally, there was 
a considerable enhancement in the QUICKI index in 
the intervention group, which indicates an increase  
in insulin sensitivity after supplementation with propo-
lis. Also, this factor did not have any significant changes 
in the placebo group.

Discussion
Controlling hyperglycemia and insulin resistance, 

which increase the risk of morbidity and mortality from 
diabetes complications, can be very useful in improving 
the condition of patients with diabetes [15, 16]. Some 
in vitro and in vivo studies have shown that propolis 
has beneficial effects on insulin sensitivity, blood glu-
cose, HbA1c, and insulin levels in animal models of 
T2D [17, 18]. 

The present study examined the efficacy of propolis 
supplementation on insulin resistance and inflamma-
tory factors status compared to the placebo for 8 weeks 
in patients with type 2 diabetes. The results showed 
that a daily intake of 1500 mg propolis significantly 
decreased the FBG, fasting insulin, insulin resistance, 
and HOMA-IR index in patients with diabetes at the 
end of the study.

Many studies have shown similar results to our 
study. For example, in the study of Rivera-Yañez et al, 
the effects of ethanolic extract of Chihuahua propolis 
(EEPCh) (300 g/L) on streptozotocin-induced diabetes 
mellitus in a rat model were investigated. The results 
showed that propolis significantly prevented the increase 
in blood glucose and weight loss in diabetic rats and also 
increased plasma insulin levels in STZ diabetic rats, while 
there was no detectable insulin in untreated diabetic 
rats [19]. In contrast, in a study conducted by Fukuda et 
al, supplementation with Brazilian green propolis  
(226 mg/day over 8 weeks) did not affect insulin levels 
and homeostatic model assessment of insulin resistance 
(HOMA-IR) [20]. This different result is probably due to 
the different doses of propolis and the geographical 
location where the propolis is collected [21].

The possible mechanisms of propolis in reducing 
blood glucose and insulin resistance are not fully under-

Table 3. Changes in the Parameters during 8 Weeks of Placebo or Propolis Administration

Outcome Mean ± SD 

Propolis [n = 30]

Mean ± SD 

Placebo [n = 30]

Adjusted mean  

difference (95% CI)

P-valueª

At baseline After 8 weeks At baseline After 8 weeks

IL- 6 [pg/mL] 9.2 ± 2.04 8.01 ± 1.58 9.25 ± 2.52 9.32 ± 2.39 [–2.34, –0.28] 0.017

IL- 17 [pg/mL] 7.94 ± 2.65 5.19 ± 2.02 7.43 ± 2.88 7.25 ± 2.23 [–3.14, –0.98] 0.02

ªComparison of changes between placebo and Iranian propolis values after 8 weeks; p-values < 0.05 for baseline versus after 8 weeks within the group; 
data are mean ± standard deviation (SD); CI — confidence interval; IL-6 — interleukin-6; IL-17 — interleukin-17

Table 4. Effect of Propolis on the Fasting Blood Glucose and Insulin Resistance in Two Groups

Outcome Mean ± SD Propolis [n = 30] Mean ± SD Placebo [n = 30] Adjusted mean  

difference (95% CI)

P-valueª

At baseline After 8 weeks At baseline After 8 weeks

Fasting blood glucose 

[mg/dL]

142.3 ± 29 122.5 ± 26.1 145.58 ± 23.4 146.28 ± 29.85 [–37.97, –9.59] 0.037

Fasting insulin [µU/mL] 11.86 ± 2.73 10.21 ± 2.52 12.13 ± 2.33 12.17 ± 2.78 [–3.27, –0.59] 0.001

HOMA-IR 4.16 ± 0.26 3.08 ± 0.22 4.36 ± 0.19 4.39 ± 0.27 [–1.43, –1.19] 0.02

QUICKI 0.510 ± 0.015 0.543 ± 0.018 0.505 ± 0.021 0.502 ± 0.015 [0.031, 0.051] 0.018

HOMA-B 54.40 ± 22.06 62.63 ± 24.2 53.43 ± 21.18 53.14 ± 18.6 [–1.43, 20.41] 0.024

ªComparison of changes between placebo and Iranian propolis values after 8 weeks; p < 0.05 for baseline versus after 8 weeks within the group; data are 
mean ± standard deviation (SD) 
CI — confidence interval; HOMA-IR — homeostasis model assessment of insulin resistance; HOMA-B — homeostasis model assessment of β-cell function; 
QUICKI — the quantitative insulin-sensitivity check index
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stood. It may be attributed to its bioactive components 
that can increase insulin production or enhance the cellu- 
lar sensitivity to insulin. The improvement in the glyce-
mic status by propolis is probably due to these reasons: 
Increase in glycolysis and use of glucose in liver cells, 
reduction in carbohydrate intake in the digestive sys-
tem and intestinal cells, activation of insulin-sensitive 
glucose transporters (GLUT-4) and glucose reabsorp-
tion by peripheral cells, inhibition of glucose release  
from liver cells to blood circulation. These effects may 
occur in people taking propolis in doses ranging from 
400 to 1,500 mg [22].

The present study revealed that after consumption 
of Iranian propolis for 8 weeks, IL-6 was diminished 
remarkably in the propolis group. According to clini-
cal investigations, sub-clinical inflammation can affect 
the development of problems related to diabetes [23]. 
Moreover, excessive glucose induces an inflammatory 
effect through oxidative stress and reduces antioxidants 
[23]. The hyperglycemic condition leads to oxidative 
stress in diabetes mellitus patients by several mecha-
nisms, such as glucose autoxidation, polyol pathway, 
and formation of glycosylated products [24].

Propolis has many pharmacological and biological 
properties. It contains more than 500 compounds, in-
cluding flavonoids, polyphenols, phenolic compounds, 
terpenes, terpenoids, steroids, coumarins, amino acids, 
and aromatic acids [25]. Studies have shown that the 
major components of Iranian propolis are aromatic 
acids (mainly benzoic acid, ferulic acid, vanillic acid, 
p-coumaric acid, and caffeic acid) and their esters, 
alkaloids, flavonoids (pinocembrin, chrysin), fatty acids 
and their related esters (mainly oleic acid, palmitic acid, 
stearic acid, margaric acid, and eicosanoid acid [26].

Studies have shown that propolis in acute and 
chronic inflammation acts as a potent anti-inflamma-
tory agent. In vitro and in vivo studies are being car-
ried out using ethanol or aqueous extracts of propolis 
from different origins produced by various bee species 
to corroborate its anti-inflammatory activity [27]. The 
anti-inflammatory activity of propolis appears to be 
associated with the existence of flavonoids, phenolic 
acids phenolic acids such as caffeic acid phenethyl 
ester (CAPE), esters, terpenoids, steroids, and amino 
acids [28]. 

During the process of inflammation, the release 
of pro-inflammatory cytokines including Interleukin 
1(IL-1), Interleukin 6 (IL-6), and tumor necrosis factor-α 
(TNF-α) is activated by macrophages. These macrophag-
es stimulate the translocation of nuclear factor-kappaB 
(NF-kB) which has a crucial role in the stimulation of 
cytokines and inflammatory mediators. The NF-κB is  

a key mediator in the expression of pro-inflammatory 
and inflammatory cytokines genes including TNF-α, IL-1, 
IL-2, IL-6, and IL-8 [29]. Other mediators are phospholi-
pases such as lipoxygenase (LOX) and cyclooxygenase 
(COX) which play a main role in eicosanoid acid and 
arachidonic acid (AA) metabolism and ultimately pro-
duce major inflammatory factors such as leukotrienes 
and prostaglandins [30].

In Jurkat cells, caffeic acid phenethyl ester (CAPE) 
has been shown to prevent the release of AA from the 
cell membrane and inhibit gene expression of LOX and 
COX enzymes that are involved in the AA metabolism 
pathways [31]. Also, it suppresses the activation of 
NF-kB, COX-1, COX-2, and expression of the induced 
isoform cyclooxygenase-2 (COX-2). It inhibits the  pro-
duction of inflammatory cytokines and increases the 
production of anti-inflammatory cytokines, including 
IL-10 and IL-4, attenuating the levels of PGE2 [32, 33].

Zhao et al. surveyed administration of green 
propolis (900 mg/day) during 18 weeks in 65 patients 
with T2DM. At the end of the study, serum GSH and 
total polyphenols were significantly increased and se-
rum levels of TNF-α were significantly decreased, but 
increased serum levels of IL-1β and IL-6 were found. As 
a result, propolis is effective in improving antioxidant 
function in diabetes patient. Zakerkish et al. evaluated 
the effect of propolis consumption (1000 mg/day) for 
90 days in 94 patients with T2DM and revealed that 
propolis can significantly decrease the serum levels of 
HbA1c, insulin and 2-hour postprandial glucose, inflam-
matory cytokines and enhance the insulin sensitivity in 
T2DM patients [18].

In this study, we also observed a decrease in inter-
leukin-17 in patients with diabetes after consuming 
propolis for 8 weeks. Recent studies have demonstrated 
an association between Th17 cells and T2D develop-
ment [34]. IL-17 implicates in T2D pathogenesis by 
activation NF-κB pathway which up-regulates proin-
flammatory cytokine gene expression such as (IL-1β, 
IL-6, and TNF-α), which contributes to the induction 
of insulin resistance and finally leads to the develop-
ment of T2D [35].

TNF-α is known to inhibit insulin signaling, result-
ing in insulin resistance by activating c-Jun amino-termi-
nal kinase and an inhibitor of NF-κB kinase, leading to 
serine phosphorylation of insulin receptor substrate-1 
[36]. Such findings indicate that IL-17 plays a crucial 
role in the inflammatory process and development of 
insulin resistance in T2D patients. Additionally, treat-
ment with anti-IL-17 neutralizing antibodies elevated 
serum adiponectin concentration, reduced serum lev-
els of TNF-α, and enhanced adipocyte-differentiation  
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markers [37]. As demonstrated in previous research, 
propolis components could have a suppressive activity 
on IL-17. For example, Tanaka et al. demonstrated the ef-
fect of propolis ethanolic extract on the pathogenesis of 
collagen-induced arthritis (CIA) in mice and they found 
that propolis directly inhibited the production of IL-17 
and the differentiation of Th17 [38]. In contrast, the  
study of Fang et al. showed that propolis decreased  
the level of IL-6 while increasing IL-17 in a rodent model 
of dyslipidemia and atherosclerosis [39].

To the best of our knowledge, no previous studies 
have reported the effects of prolonged propolis supple-
mentation on IL-17 in patients with type-two diabetes 
mellitus. To obtain a perfect picture of propolis treat-
ment, it would be necessary to perform a randomized 
clinical trial with a greater number of participants.

In this study, we encountered at least two limita-
tions. Firstly, the duration of the trial may have been 
too short to observe more effects of propolis, in the 
reduction of inflammatory factors and insulin resistance 
in patients with diabetes. Second, the dose of propolis 
may not have been adequate. Several studies have 
reported the effects of propolis on diabetes; however, 
most of them were animal experiments and adminis-
tered doses of propolis were extremely high (such as 
50–300 mg/kg of the body weight) [40]. Therefore, if  
a higher dose of propolis was administered to patients, 
the efficacy of propolis on inflammatory factors would 
be more effective.

The immune-modulatory effects of natural com-
pounds have been considered as alternative adjuvant 
therapies in the treatment of various diseases. There 
is an essential need to find the best reliable and 
standardized compound, that has been approved for 
health-beneficial effects such as propolis in addition to 
classical treatment modalities.

Conclusions
In conclusion, after the administration of propolis, 

serum IL-6 and IL-17, FBG levels, HOMA-IR, and fasting 
insulin were diminished remarkably in the propolis 
group. After 8 weeks of intervention, HOMA-B as  
a measure of B-cell function and QUICKI index which 
indicates an increase in insulin sensitivity, was sig-
nificantly increased in the propolis group. Eventually, 
the results of this study indicate that the application 
of Iranian propolis significantly decreases the inflam-
matory condition and insulin resistance in patients 
with diabetes. Thus, propolis can help to decrease 
complications of diabetes associated with metabolic 
disturbances and inflammatory conditions.
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