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ABSTRACT

Oxidative stress (OS) is involved in the development of diabe-

tes mellitus (DM) and its complications. Thus, OS reduction

may be an important strategy for DM therapy. Propolis is bee

resins with high antioxidant activity and is used in the treat-

ment of different diseases, including DM. Therefore, in this

systematic review, we evaluated the impact of propolis ad-

ministration in diabetic animals. We used the PRISMA strategy

to collect preclinical studies published in English up to No-

vember 2021 in three databases (PubMed/Medline, Scopus,

and Web of Science). We used the SYRCLE tool to analyze the

risk of methodological bias. Our primary search returned 198

studies, of which 14 were considered eligible to be included in

this review. The administration of propolis induced a hypogly-

cemic effect in the treated animals, which is probably due to

the reduction of OS. The animals showed restoration of en-

dogenous antioxidant defenses and reduced levels of markers

for OS. The administration of propolis resulted in improve-

ment in the lipid profile of treated animals. Our risk of bias as-

sessment showed a methodological quality score of less than

30% due to a lack of randomization, blinding, and proper allo-

cation of animals. Heterogeneity in treatments, lack of re-

sults, and use of non-standard extracts are limitations in our

data analysis. Despite these limitations, propolis induced a

significant hypoglycemic effect in diabetic animals when com-

pared to untreated controls. This effect was associated with a

reduction in OS, a process mediated by ROS neutralization

and restoration of endogenous antioxidant defenses.

A Systematic Review of the Potential Effects of Propolis Extracts
on Experimentally-induced Diabetes

Reviews
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Introduction
Diabetes mellitus (DM) is a chronic endocrine disease character-
ized by constant hyperglycemia that results from a deficiency in
insulin production (type 1 DM) or sensitivity (type 2 DM) [1]. Cur-
rently, over 536.6 million individuals worldwide have diabetes and
approximately 6.7 million deaths are directly related to this dis-
236 Cunha GA et al. A
ease in 2021 [2]. Although diabetes affects millions of individuals,
the causes that lead to the development of the disease are still not
fully understood [3].

The overproduction of reactive oxygen species (ROS) and oxi-
dative stress (OS) are identified as key factors in the development
of DM and diabetic complications [4–6]. Hyperglycemia increases
the flow of glucose through the polyol pathway and stimulates the
Systematic Review… Planta Med 2023; 89: 236–244 | © 2022. Thieme. All rights reserved.



ABBREVIATIONS

ApoA–I apolipoprotein A–I

ApoB apolipoprotein B

ATP adenosine triphosphate

CAT catalase

DM diabetes mellitus

DNA deoxyribonucleic acid

GRAS generally recognized as safe

GSH glutathione

GPx glutathione peroxidase

HDL high-density lipoprotein

Hmox1 heme oxygenase 1 gene

LDL low-density lipoprotein

MDA malondialdehyde

MeSH medical subject headings

mRNA messenger ribonucleic acid

Nqo1 NAD(P)H quinone dehydrogenase 1 gene

Nrf2 nuclear factor erythroid 2-related factor 2

OS oxidative stress

PRISMA preferred reporting items for systematic

reviews and meta-analysis

PROSPERO international prospective registry of

systematic reviews

PUFA polyunsaturated fatty acids

RNS reactive nitrogen species

ROS reactive oxygen species

SOD superoxide dismutase

STZ streptozotocin

SYRCLE systematic review center for laboratory

animal experimentation

TBARS thiobarbituric acid reactive substances
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formation of advanced glycation end products (AGEs), molecules
that promote the overproduction of ROS [7–9]. In the pancreas,
ROS induce a decrease or inhibition of insulin secretion through
beta-cell destruction and DNA alterations [5,6]. Despite the direct
influence of ROS and OS on the pathogenesis of DM, none of the
current drugs have reducing mechanisms that can directly inhibit
them. Therefore, the consumption of antioxidant agents may rep-
resent an important therapeutic strategy in the management of
DM [4,9–11].

Bee products are considered sources of natural antioxidants
capable of neutralizing ROS and reducing the effects of OS under-
lying the pathogenesis of numerous diseases [10,12–14]. Propolis
is a chemically diverse resinous product produced by Apis mellifera
or stingless bees that is made of plant exudates as well as wax,
pollen, and honey [11,12]. Phenolic compounds are mainly re-
sponsible for the ability to scavenge free radicals and other bio-
logical properties performed by propolis [12–16]. Over the years,
several studies have highlighted the biological properties of bee
resins, and their applicability in the management of different dis-
eases [17–19]. Therefore, the administration of propolis in the
treatment of patients with DM may represent a therapeutic strat-
Cunha GA et al. A Systematic Review… Planta Med 2023; 89: 236–244 | © 2022. Thieme. All rig
egy, considering its high antioxidant activity and other biological
properties [8,9, 14,19].

Despite its potential effect as an antidiabetic agent, studies in
experimental animal models provide the empirical basis for deter-
mining the efficacy, safety, and applicability of propolis extracts in
human clinical studies [20,21]. However, as the results of preclin-
ical studies often originate from relatively small experiments with
heterogeneous methodologies, they may not always be applica-
ble in a translational context for human health [20]. Therefore,
systematic reviews of preclinical studies can provide us with reli-
able evidence of whether or not propolis extracts and their deriv-
atives have benefits in the treatment of DM and support their ap-
plication in clinical trials [21]. Thus, we carried out a systematic
review to determine the relevance and impact of propolis admin-
istration on experimentally induced diabetes in animal models,
mainly on outcomes related to redox balance, glycemic, and
lipidic profiles.
Results

Prisma-guided studies selection

Searches in the three databases returned a total of 198 studies
(PubMed/Medline n = 36; Scopus n = 112; Web of Science n = 50),
from which 9 literature reviews (review articles) were directly ex-
cluded. The other studies were imported into the Mendeley refer-
ence manager, and 76 duplicates were removed by the “Check for
duplicates” tool. The titles and abstracts of 109 articles were read,
of which 62 were excluded for not falling into the scope of the
systematic review. Forty-seven studies were considered eligible
for full-text analysis, but 9 of them could not be retrieved. Hence,
38 articles were read in full and screened for the study criteria, of
which 14 articles were selected for this systematic review. The
secondary search from the reference lists of selected articles did
not return any relevant studies. A detailed flowchart of the search
strategy is shown in ▶ Fig. 1. The search filters used in the data-
bases are available in Supplementary Table 1S, Supporting Infor-
mation.

Characteristics of selected studies

There was heterogeneity regarding the origin of the selected
studies, and articles from 11 countries were retrieved. With 14%
of publications originating from China, 14% from Malaysia, 14%
from Nigeria, 7.25% from Egypt, 7.25% from Indonesia, 7.25%
from Japan, 7.25% from Morocco, 7.25% from Mexico, 7.25%
from Saudi Arabia, 7.25% from Taiwan, and 7.25% from Turkey.

The administration of streptozotocin was the DM induction
method in 78.57% of the selected studies, followed by the injec-
tion of alloxan (21.43%). The main route of drug administration
was intraperitoneal (71.42%), followed by the intravenous route
(28.58%). The data described above can be viewed in detail in
Supplementary Table 2S, Supporting Information.

Characteristics of animal models

Sprague-Dawley rats (49.90%) and Wistar rats (35.90%) were the
main models chosen for the induction of DM, respectively. CD1
mice were used in 14.20% of the studies. Male animals were used
237hts reserved.
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▶ Fig. 1 PRISMA flowchart describing the results of the searches in the databases and the reference list of the selected studies. Based on the PRIS-
MA statement “Preferred Reporting Items for Systematic Reviews and Meta-analyses” (http://www.prisma-statement.org/).
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in 85.80% of the publications and females in 7.10%. In 7.10% of
the articles, the sex of the animals is not reported.

The average weight of animals was 260 g for rats and 37.50 g
for mice. The age of the animals was omitted in 57.10% of the
studies; 28.40% described the age in days (mean of 60 days), and
14.50% of them considered the animals to be adults (criterion es-
tablished by the authors). Detailed characteristics of the animal
models are presented in Supplementary Table 3S, Supporting In-
formation.

Characteristics of propolis

The most frequent origin of the propolis samples used was China
(14%), Nigeria (14%), and Malaysia (14%). The other bee resins
were of heterogeneous origin, with 7.25% from Egypt, 7.25%
from Indonesia, 7.25% from Brazil, 7.25% from Morocco, 7.25%
from Mexico, 7.25% from Saudi Arabia, 7.25% from Taiwan, and
7.25% from Turkey.

Propolis extracts were administered mostly orally (92.8%) and
less frequently via the intragastrical route (7.2%) at doses ranging
from 10 to 919.5mg/kg. The most common doses were 300mg/
kg (50%) and 200mg/kg (35.7%). The effectiveness of propolis
administration was dose-dependent, and there were no reports
of toxicity. The shortest exposure time of the animals to propolis
238 Cunha GA et al. A
extracts was 7 days, and the maximum was 70 days. All results de-
scribed above can be viewed in detail in Supplementary Table 4S,
Supporting Information.

Identified compounds

The propolis samples that were chemically identified showed
great heterogeneity in their composition. In 57.2% of the studies,
there was no chemical characterization of the extract, indicating
that animals were exposed to crude extracts whose chemical
composition was unknown. Alarmingly, only 42.8% of the authors
performed the identification of compounds by chromatographic
methods. ▶ Table 1 shows the major compounds tentatively iden-
tified in the samples of the selected studies.
Measured Outcomes

Measured primary outcomes

The glycemic index was measured in 92.8% of the studies. The an-
imals were characterized as diabetic when they had blood glucose
levels above 11.1mmol/L or greater than 200mg/dL. The admin-
istration of propolis reduced the glycemic levels of the treated an-
Systematic Review… Planta Med 2023; 89: 236–244 | © 2022. Thieme. All rights reserved.



▶ Table 1 Major compounds identified by selected studies and their effects on animal models.

Authors Propolis
origin

Chemical profile Animal/Dosage*/Route Effects

Matsushige
et al. 1996

Brazil Clerodane diterpenoid

Quercetin

Sprague-Dawley rats

Dosage: 200mg/kg

Route: orally

↓ Blood glucose levels

Usman et al.
2017

Malaysia Glucuronic acid derivatives

Ellagic acid

Gallic acid derivatives

Sprague-Dawley rats

Dosage: 300 and 600mg/kg

Route: orally

↓ Blood glucose levels

↓ MDA levels

Chen et al.
2018

Taiwan Propolin (D, F, C, H, and G) Sprague-Dawley rats

Dosage: 183.9 and
919.5mg/kg

Route: oral gavage

↓ Blood glucose levels

↓ TBARS levels

↓ LDL levels

↑ HDL levels

Yañes et al.
2018

Mexico Naringin

Quercetin

Luteolin

Kaempferol

CD1 mices

Dosage: 300mg/kg

Route: orally

↓ Blood glucose levels

↑ SOD, CAT, GPx levels

Hegazy et
al. 2020

Egypt 2-[3,4-(Methylenedioxy) Phenyl]-1-Cyclopentanone

3-(2h)-Pyridazinone, 4,5-Dihydro-4-(4-Methoxyphenyl)

7-Methoxy-3,6-Dimethyl-2-Tetralone

2′-Hydroxy-2,3,4′,6′-Tetramethoxychalcone

Wistar rats

Dosage: 300mg/kg

Route: oral gavage

↓ Blood glucose levels

Taleb et al.
2020

Turkey Chrysin

Caffeic acid phenyl ester

Wistar rats

Dosage: extracts 15 and 30%

Route: orally

↓ Blood glucose levels

Hypoglycemic, antioxidant and non-toxic activities of the extracts are noted. CAT – catalase; GPx – glutathione peroxidase; SOD – superoxide dismutase;
TBARS – thiobarbituric acid reactive substances; MDA –malondialdehyde; LDL low-density lipoprotein; HDL – high-density lipoprotein.* Dosage of propolis
extracts
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imals compared to the untreated ones. The authors pointed to the
decrease of OS as responsible for the hypoglycemic effect.

The main molecules measured to describe changes in the re-
dox balance in the animalsʼ bodies were MDA (malondialdehyde)
and TBARS (thiobarbituric acid reactive substances). The antioxi-
dant potential of propolis is related to the occurrence of phenolic
compounds, whose chemical structure allows for the donation of
electrons to unstable molecules (ROS or RNS), thereby reducing
oxidative damage. Decreased OS was also associated with in-
creases in endogenous antioxidant enzyme levels. Antioxidant en-
zymes such as SOD (superoxide dismutase), CAT (catalase), GPx
(glutathione peroxidase), and the tripeptide GSH (glutathione)
showed a significant increase in animals treated with propolis
compared to those not treated.

Measured secondary outcomes

The administration of propolis also promoted changes in the lipid
profile of the treated animals. Overall, the extracts induced an in-
crease in HDL cholesterol levels and a decrease in LDL cholesterol
levels. All results described above can be seen in Supplementary
Table 5S, Supporting Information.
Cunha GA et al. A Systematic Review… Planta Med 2023; 89: 236–244 | © 2022. Thieme. All rig
Risk of methodological bias analyzed
by the Syrcleʼs tool

In general, all studies analyzed presented a quality score of less
than 30% based on the SYRCLE tool due to lack of relevant infor-
mation for methodological development (inadequate georefer-
encing of propolis and lack of chemical characterization) and
neglect of criteria such as randomization, allocation of animals
and blinding of examiners. However, variables such as animal
weight, propolis administration routes, DM induction method,
and exposure time were described in 100% of the studies
(▶ Fig. 2).
Discussion
In this review, most studies that investigated the effects of
propolis on DM were Chinese, Malaysian, and Nigerian. According
to the International Diabetes Federation [2], these countries have
a high prevalence of diabetes. China and Malaysia are in the
western Pacific, a region whose growth in the number of DM
cases will exceed 27% by the year 2045. Moreover, a 134% in-
crease in the number of cases is expected for the African conti-
nent until that same year. Asian and African countries have been
exploring the use of natural products for several centuries, partic-
ularly herbal infusions and medicinal extracts [22,23]. We also
note that all these studies explored local bee resins in their raw
239hts reserved.



▶ Fig. 2 Risk of methodological bias analysis of selected studies us-
ing SYRCLEʼs tool.
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form and that isolated compounds from propolis were not eval-
uated.

Despite the alarming situation observed with the global in-
crease in DM cases, intervention in humans requires robust evi-
dence from preclinical in vivo trials to ensure the safety and effi-
cacy of the active compound [20]. The literature indicates rodent
models as a species of choice to mimic the diabetic effects that
would be observed in humans, as they present high similarity with
our DNA (85% in coding regions) and are easy to handle [24,25].
For DM induction, intraperitoneal injection with 60mg/kg strep-
tozotocin (STZ) was the main method used by the authors, STZ
(2-deoxy-2-(3-(methyl-3-nitrosoureido)-D-glucopyranose). The
toxicity of STZ is dependent on the DNA alkylating activity of its
methylnitrosourea moiety [26,27]. Diabetic effects were also in-
duced by intraperitoneal injections of alloxan (2,4,5,6-tetraoxy-
pyrimidine; 5,6-dioxiacyl), whose dosages were greater than
100mg/kg. Alloxan acts by selectively inhibiting glucose-induced
insulin secretion through specific inhibition of glucokinase. Ac-
cording to Lenzen (2008) [27], streptozotocin is the agent of
choice for DM induction in animals due to its chemical character-
istics and high stability. Alloxan, on the other hand, is an excellent
compound for ROS-mediated beta-cell toxicity models, although
its effects are reported to be more severe in rat beta cells than in
humans [26].
240 Cunha GA et al. A
The oral administration of propolis effectively controlled the
glycemic levels of the animals. These findings are intriguing since
the flavonoids present in propolis (and in any other food of natural
origin) have low bioavailability (10% or less), suggesting they have
strong antidiabetic activity [28,29]. Those effects were dose-de-
pendent and observed at all tested doses, with optimal effective-
ness between 200 and 300mg/kg. Higher dosages did not show
significantly greater benefits.

The chemical composition of propolis is variable depending on
environmental characteristics and extraction methods, which may
have affected the final biological response [30,31]. Therefore, the
chemical characterization of the selected samples is necessary to
elucidate which molecules are responsible (alone or synergis-
tically) for the antidiabetic effects and/or to purify through chro-
matographic methods by the most active ones, if applicable [15,
32,33].

Even though propolis samples were not chemically character-
ized in most studies, the main antidiabetic agents in propolis are
flavonoids. Based on the literature, quercetin, naringin, luteolin,
kaempferol, and chrysin have hypoglycemic effects by inducing
insulin secretion, increasing the sensitivity of skeletal muscles to
glucose, and selectively inhibiting α-amylase and α-glucosidase,
although other metabolic pathways are also involved [11,29,34].
The effective propolis doses (200 to 300mg/kg) are not toxic, ac-
cording to the Food and Drug Administration, because propolis is
generally recognized as safe (GRAS) [35]. These doses are lower
than those used in the standard treatment of type 2 DM with the
drug metformin, whose doses vary from 500mg/kg twice daily to
800mg/kg daily [36].

In our review, the hypoglycemic effect observed in propolis
was due to the neutralization of ROS in the pancreatic tissue and
the increase of endogenous antioxidant defenses. Hyperglycemia
activates numerous metabolic pathways that culminate in the
generation of ROS, which can induce DNA changes, promote per-
oxidation of the phospholipid bilayer, and lead to ATP deficit [5, 6,
8, 9]. Altogether, these mechanisms promote the necrosis of pan-
creatic β cells, resulting in insulin deficiency [4,5]. According to
Newsholme et al. (2016) [6], it is extremely difficult to measure
changes in ROS levels in the body, as reactive species have an ex-
tremely short half-life in biological fluids, cells, and tissues.

Consequently, researchers have developed other techniques to
determine the redox state, and these usually involve the assess-
ment of stable byproducts of OS in the blood. In this review,
MDA was the main marker for OS. In biological systems, this
molecule is a byproduct of the lipid peroxidation of cell mem-
branes as a consequence of the reaction of polyunsaturated fatty
acids (PUFAs) and radical species [37,38]. Compared to ROS, MDA
has a relatively long half-life (minutes-hours) and an uncharged
structure, making it a potentially more destructive compound
[38]. Induced DM promoted alterations in the lipid peroxidation
rate, as demonstrated by the plasma levels of MDA, which were
reduced following the administration of propolis. Although the
main antioxidant mechanism of propolis is the donation of elec-
trons to ROS with their consequent stabilization, the studies also
reported a reduction of lipid peroxidation, with the restoration of
the bodyʼs endogenous enzyme antioxidant system.
Systematic Review… Planta Med 2023; 89: 236–244 | © 2022. Thieme. All rights reserved.
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The enzymes SOD, CAT, GPx, and the tripeptide GSH had their
plasma levels increased in all studies that examined these vari-
ables. There were no reports of the possible causes that led to this
result; however, the activation of the nuclear factor erythroid
2‑related factor 2 (Nrf2) was pointed out in previous studies. Nrf2
is a transcription factor that acts as the main regulator of the anti-
oxidant response. In situations of OS, it migrates into the cell
nucleus and activates genes involved in the expression of endog-
enous antioxidant enzymes and other ROS scavenging mecha-
nisms [39,40]. Hotta et al. (2020) [40] demonstrated that treat-
ment with Brazilian red propolis increased the mRNA levels of
Nrf2, Nqo1, Hmox1 genes responsible for the activation of endog-
enous antioxidant defenses. While it may not be pertinent to ex-
trapolate these findings to the propolis types described in this re-
view, the data suggest the Nrf2 activation pathway is likely to be
involved.

Lastly, the administration of propolis induced an increase in
HDL and a decrease in LDL levels in all the studies that examined
these variables. Yet, further research is needed to elucidate the
metabolic pathways and possible molecular targets involved in
both processes. A possible route of action would be to control
the expression of apolipoproteins, protein subunits responsible
for the stabilization and transport of cholesterol molecules. In in
vitro assays, quercetin and isoquercitrin positively modulated the
expression of apolipoprotein A–I (apoA–I), a subunit presents in
HDL [41]. On the other hand, animals treated with naringenin
showed a 36% reduction in the secretion of apolipoprotein B
(apoB), a protein is related to LDL synthesis [42]. The compounds
occurring in the propolis samples described in our review are likely
to have similar effects in controlling the plasma levels of high and
low-density lipoproteins. The changes observed in the lipid profile
of animals provide parameters to explore the effects of propolis
administration on other diseases, especially cardiovascular disor-
ders that are directly linked to fat deposition in the blood vessel
wall [43,44].

The methodological consistency of preclinical studies must be
considered when examining the quality of evidence to support
future clinical trials [45]. Surprisingly, none of the analyzed studies
met all the methodological criteria proposed by the SYRCLE
(▶ Fig. 2), presenting variable scores without chronological influ-
ence (year of publication). This result indicates that the reporting
bias was systematically reproduced through the mechanistic
research process, without interpretations of possible sources of
bias. The main neglected aspects were randomization, precise
georeferencing of the origin of propolis, animal allocation,
randomization, and chemical composition of propolis [45–47].
Finally, we make it clear that our objective was not to confront
the current results, nor to devalue them, but to verify the possible
sources of current methodological bias and, from such notes, pro-
vide support for data consistency and reproducibility.

Although our systematic review represents a proposal to criti-
cally analyze the evidence on the applicability of propolis extracts
in the treatment of diabetes, our interpretations of the results
must consider some limitations. Our searches were limited to da-
tabases and reference lists of selected articles. Thus, the search
strategy adopted may have excluded relevant studies [21,48].
Some studies did not present all the evaluated outcomes of inter-
Cunha GA et al. A Systematic Review… Planta Med 2023; 89: 236–244 | © 2022. Thieme. All rig
est. Therefore, we must consider the absence of results as a limi-
tation, as it was not possible to assess the current evidence in its
entirety.

The lack of standardization and chemical characterization of
the extracts is also a limiting factor. The conditions adopted dur-
ing extraction, storage, and preparation affect the physicochemi-
cal characteristics of these formulations [49,50]. Therefore, our
analysis of extracts without standardization could be controversial
if variations in these conditions were adopted. The biological
properties of bee resins result from the association between
different compounds. However, environmental variations can
change its chemical composition [31,33]. Thus, the analysis of
studies that did not chemically characterize propolis may repre-
sent a limitation, as changes in the collection time of bee resins
influence the effectiveness of their biological properties.

In conclusion, propolis induced a significant hypoglycemic ef-
fect in diabetic animals when compared to untreated controls.
This effect was associated with a reduction in OS, a process medi-
ated by ROS neutralization and restoration of endogenous anti-
oxidant defenses. Propolis reestablished plasma levels of HDL
and reduced those of LDL, possibly by modulating the transcrip-
tion of apolipoproteins. We also emphasize the need to review
some methodological aspects to mitigate the sources of bias in
preclinical approaches and ensure reproducibility in future stud-
ies, especially of criteria such as randomization, blinding, and
characterization of propolis samples.
Methods

Guiding question and search strategy

The PICO strategy was adopted to structure the research ques-
tion, thus ensuring that the relevant components of the question
are well defined. According to Eriksen and Frandsen (2018) [51],
the PICO structure is articulated to meet all four parts of its “anat-
omy”: P- population (diabetic animals); I- intervention or exposure
(administration of propolis); C- comparator (untreated animals);
O- outcomes (glycemic indices and oxidative parameters). There-
fore, this systematic review was designed to answer the following
guiding question: Is the administration of propolis effective in
controlling hyperglycemia and OS in animals with experimentally
induced diabetes when compared to untreated diabetic animals?

To answer the guiding question, primary studies were selected
based on the PRISMA strategy – Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis [48]. Relevant studies were se-
lected from three databases, namely: PubMed/Medline, Scopus,
and Web of Science. We associated MeSH terms found in Medical
Subject Headings (MeSH), standardized descriptors specific to
each database, and Boolean operators (AND/OR/NOT) to build
the search filters. We structured them into three levels of re-
search: (i) biological condition (diabetes), (ii) intervention (propo-
lis), and (iii) study groups (animal models). The complete search
strategy can be seen in Supplementary Table 1S, Supporting In-
formation. This systematic review was registered in the Interna-
tional Prospective Registry of Systematic Reviews – PROSPERO
(registration number: CRD42021290848).
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Studies selection

Literature searches were structured into two levels of information
(primary and secondary) to ensure access to the greatest number
of relevant studies. Initially, the studies were identified in the
three electronic databases. In the Scopus platform, the descriptor
NOT INDEX MEDLINE was associated with the search terms to
ensure the removal of duplicate studies from PubMed/Medline.
Identified primary studies were managed in the Mendeley Refer-
ence Management Program (Mendeley, London, Westminster,
UK) and duplicates were removed using the “Check for Dupli-
cates” tool. Retrieved studies were then screened for eligibility.
Studies falling out of the scope of this review were excluded. In
the secondary search, the reference lists of relevant articles that
were selected in the primary search were checked manually to
identify possible additional studies. These search strategies are
described in the PRISMA flowchart [48].

The other studies were accessed in full and included in the eli-
gibility analysis, in which well-defined inclusion and exclusion cri-
teria were applied. Studies that addressed the effects of propolis
administration on diabetic animals were considered relevant. The
following studies were excluded: (i) not available in full; (ii) studies
that were not written in English; (iii) studies with other bee prod-
ucts (e.g., royal jelly or honey); (iv) secondary studies (e.g., letters
to the editor, conference abstracts, commentaries, notes, and
books); (v) studies that did not have at least one control group;
(vi) studies of diabetic disorders (retinopathies, nephropathies,
or diabetic wounds). No chronological limits were applied for the
selection of eligible studies.

Two researchers (Cunha, GA, and Carlstrom, PF) independently
completed the screening for eligibility and study selection. Any
disagreements between the examiners were resolved by consult-
ing with a third examiner (Rosalen, PL).

Data extraction

After study selection, the data were structured in graphs and ta-
bles to facilitate the visualization and identification of outcomes.
Two examiners (Cunha, GA, and Carlstrom, PF) evaluated the sur-
vey data, and differences were resolved by consensus in consulta-
tion with the third examiner (Rosalen, PL). The following descrip-
tive levels were adopted:
1. Study characteristics: year, author, country of origin, DM in-

duction method, study groups;
2. Characteristics of the animal model(s): age, species, lineage,

body weight, sex;
3. Characteristics of propolis: origin, chemical profile, the form of

administration, dosage, period of intervention, and;
4. Measured outcomes: oxidative parameters, glycemic levels,

and lipid profile.

Bias risk assessment

The risk of bias was determined using the SYRCLE risk of bias tool
for animal studies. This tool was developed following the
Cochrane Risk of Bias (ROB) tool, with adjustments for specific as-
pects of bias with a relevant impact on intervention animal stud-
ies. The SYRCLE tool is stratified into ten topics related to potential
sources of bias, such as (i) selection, (ii) performance, (iii) detec-
tion, (iv) friction, (v) reporting, and (vi) additional sources of bias
242 Cunha GA et al. A
not covered by other domains [52]. Based on the SYRCLE criteria,
the risk of bias was categorized as: (i) High, (ii) Low, or (iii) Unclear.
The overall and individual result obtained with the SYRCLE strat-
egy was graphically expressed using GraphPad Prism version 5.0.

Supporting Information

The information taken from the studies is summarized in tables
available in the Supporting Information.
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