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Abstract

Objectives: Obesity and related metabolic disorders, including insulin resistance, dys-
lipidemia, and non-alcoholic fatty liver disease, represent major global health challenges.
Growing interest in complementary strategies has brought propolis, a resinous bee-derived
product rich in phenolic and flavonoid compounds, into focus. This scoping review
aimed to map and synthesize available in vitro, in vivo, and clinical evidence regarding
the metabolic effects of whole propolis preparations and propolis-derived bioactive com-
pounds in obesity-related contexts. Methods: The review was conducted in accordance
with the PRISMA-ScR framework and included experimental and human studies evaluat-
ing adipogenesis, lipid and glucose metabolism, oxidative stress, inflammatory signaling,
non-alcoholic fatty liver disease-related outcomes, and gut microbiota modulation. Results:
Across preclinical models, propolis preparations have been associated with modulation of
antioxidant defenses, attenuation of inflammatory signaling, regulation of adipogenic tran-
scriptional programs, and alterations in gut microbiota composition and barrier integrity.
Clinical evidence suggests modest improvements in selected metabolic and inflamma-
tory biomarkers; however, effects on body weight and adiposity remain inconsistent.
Interpretation is limited by heterogeneity in propolis type, extraction method, chemical
standardization, dosing strategies, and study design. Conclusions: Overall, current evi-
dence indicates that propolis may influence obesity-related metabolic pathways, primarily
at the level of biomarker modulation. Nevertheless, mechanistic causality and long-term
clinical efficacy require confirmation through well-designed, adequately powered, and
chemically standardized trials.

Keywords: propolis; obesity; metabolic disorders; insulin resistance; dyslipidemia;
non-alcoholic fatty liver disease; gut microbiota; inflammation

1. Introduction
The World Health Organization describes obesity as an excessive build-up of body fat

that can endanger health. More than one billion people are currently affected worldwide [1].
Projections suggest that by the year 2050, more than half of the global adult population
aged 25 years and older, approximately 3.8 billion people, along with nearly one-third of
children and adolescents, equating to around 746 million individuals, will be classified as
overweight or obese [2]. Obesity develops as a result of the combined influence of genetic
factors, social and economic conditions, and cultural lifestyle patterns. It is commonly
seen alongside other chronic health problems, including type 2 diabetes, hypertension, and
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cardiovascular disease, and plays a significant role in both the onset and progression of
these comorbid conditions [3].

Beyond its epidemiological impact, obesity is also characterized by complex molec-
ular and cellular changes that drive disease progression. In obesity, excess fat does not
accumulate in isolation; dysfunctional adipose tissue also triggers wide-ranging metabolic
disturbances. Hypertrophic adipocytes and tissue hypoxia trigger the recruitment of
pro-inflammatory M1 macrophages into adipose tissue and the release of cytokines such
as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and monocyte chemoattractant
protein-1 (MCP-1), thereby establishing a state of chronic low-grade inflammation [4].
These alterations promote systemic inflammation and oxidative stress, which in turn mod-
ulate the secretion of adipokines—including adiponectin, leptin, visfatin, resistin, and
chemerin—that regulate insulin sensitivity, energy expenditure, lipid distribution, and
metabolic homeostasis, thereby playing a central role in the development of insulin resis-
tance and mitochondrial dysfunction [5,6]. Furthermore, excessive nutrient intake increases
intracellular free fatty acid (FFA) and glucose load, which—together with inflammation
and adipokine dysregulation—imposes metabolic stress on mitochondria, disrupting their
normal function and accelerating the onset of obesity-related metabolic disorders [7].

The treatment of obesity relies on a range of evidence-based options. These include
behavioral and dietary approaches, increased physical activity, drug therapy, and metabolic
or bariatric surgery [8]. Lifestyle change is considered the foundation of most treatment
plans. Even so, maintaining weight loss in the long term can be difficult for many indi-
viduals. Medications and surgical procedures can be effective when used appropriately,
yet their application is often constrained by cost and potential side effects [3,8]. Because
of these challenges, there is growing scientific interest in complementary strategies that
make use of naturally occurring bioactive compounds. Among these, compounds with anti-
inflammatory, antioxidant, and metabolic-modulating properties—such as those derived
from plants and bee products—have attracted considerable attention for their potential to
prevent and manage obesity and its related complications [9,10].

One of the natural products that has gained increasing scientific interest in this context
is propolis. Honeybees collect plant resins and process them inside the hive to produce
propolis, a complex substance rich in bioactive compounds, especially phenolics, which
largely account for its pharmacological potential [11]. In particular, polyphenols derived
from propolis have drawn growing attention due to their proposed therapeutic potential,
including roles in metabolic regulation, immune modulation, and inflammation control [12].
Numerous studies have reported diverse biological activities of propolis, including its
antioxidative, anti-inflammatory, antimicrobial, immunomodulatory, and neuroprotective
effects—such as analgesic, anxiolytic, and antidepressant properties [13–15]. Traditionally,
it has been applied in the treatment of inflammatory conditions, support of wound healing,
and alleviation of various minor ailments [13,14].

Over the past decade, both in vitro and in vivo studies have expanded the under-
standing of the pharmaceutical potential of propolis in different health contexts [16–18].
Particular attention has been given to its polyphenolic components and their roles in
weight regulation, including effects on adipocyte differentiation, lipid storage, and insulin
signaling. Notably, anti-obesity effects have also been reported for other dietary polyphe-
nols, including green tea catechins (e.g., EGCG), anthocyanins, curcumin, resveratrol, and
quercetin, which have been linked to improvements in body weight and/or adiposity
through modulation of lipid and energy metabolism pathways [12,19–23]. Despite valuable
findings on the anti-obesity potential of polyphenols, important mechanistic questions
remain unanswered. Resolving these issues will require comprehensive, well-designed
experimental and clinical studies [12,14]. The aim of this review is to examine the metabolic
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effects of propolis, with a particular focus on its mechanisms in obesity-related disorders,
and to highlight potential focal points for future research.

2. Methods
This scoping review aimed to map and summarize the available experimental and

clinical evidence on propolis preparations and propolis-derived bioactive compounds in
relation to obesity and obesity-related metabolic outcomes. The review was reported in
accordance with the PRISMA-ScR checklist [24,25]. Reporting followed the PRISMA-ScR
guideline [24].

We searched PubMed/MEDLINE, Scopus, and Web of Science Core Collection from
inception to July 2025, without applying date restrictions. To reflect contemporary evidence,
we prioritized studies published between January 2014 and July 2025, while earlier seminal
articles were included when relevant. The search combined controlled vocabulary (when
available) and free-text terms related to propolis and obesity/metabolic outcomes. The
detailed PubMed/MEDLINE search strategy is provided in Supplementary Table S1. The
final search was conducted on 12 July 2025.

We included (i) in vitro, (ii) in vivo animal, and (iii) human clinical studies as-
sessing whole propolis preparations (e.g., ethanolic extract, aqueous extract, standard-
ized preparations) and/or propolis-derived bioactive compounds (e.g., CAPE, chrysin,
artepillin C) in relation to obesity or obesity-related metabolic outcomes (adiposity, body
weight/BMI, insulin sensitivity, glycemic markers, lipid profile, inflammatory/oxidative
biomarkers, non-alcoholic fatty liver disease (NAFLD)/metabolic dysfunction–associated
steatotic liver disease (MASLD)-related outcomes, and gut microbiota/barrier endpoints).
We also included relevant peer-reviewed reviews for background/contextualization.
We excluded conference abstracts without full text, non-peer-reviewed items, stud-
ies not assessing propolis/propolis-derived interventions, and studies unrelated to
obesity/metabolic outcomes.

Records were exported to EndNote 22 (Clarivate Analytics, Philadelphia, PA, USA).
After removal of duplicates, predefined database filters (language and document type)
were applied prior to title and abstract screening. Titles and abstracts were then screened,
followed by full-text assessment of potentially eligible articles. Title/abstract screening
and full-text eligibility assessment were conducted by one reviewer and subsequently
checked by a second reviewer. Reasons for full-text exclusion were recorded. The study
selection process is summarized in the PRISMA-ScR flow diagram (Figure 1). Reference
lists of included studies and relevant reviews were also screened to identify additional
eligible articles.

We charted data on study design/model, population/sample, propolis type and extrac-
tion solvent (when reported), dose and duration, comparators, and outcomes (metabolic,
inflammatory, oxidative stress, NAFLD/MASLD-related, and microbiota/barrier end-
points). Evidence was synthesized narratively and organized by evidence level (in vitro,
in vivo, clinical) and outcome domain.

In line with scoping review methodology, we did not perform a formal risk-of-bias
assessment [26]. Instead, we qualitatively considered reporting completeness (e.g., ex-
tract characterization/standardization, dose, duration, and outcome definitions) when
interpreting findings.
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Figure 1. PRISMA-ScR 2020 flow diagram summarizing the identification, screening, eligibility as-
sessment, and inclusion of studies. * Records identified from databases (PubMed/MEDLINE, Scopus,
Web of Science Core Collection) and registers. ** Records excluded during title and abstract screening.

3. Biochemical Composition and Key Bioactive Constituents of Propolis
Bees create propolis by collecting and modifying plant resins, producing a multifunc-

tional material that supports hive defense and cohesion—hence its common name, ‘bee
glue’ [27,28]. The term derives from Greek, meaning ‘in front of the city,’ a reference to
its protective role for the hive [29]. Its therapeutic use dates back to ancient civilizations,
with historical records documenting applications in Egyptian, Greek, and Roman cul-
tures [13,29]. Hippocrates himself reportedly employed it in the treatment of wounds and
ulcers [27,29]. From the 20th century onward, scientific interest in propolis intensified and
gave rise to systematic investigations into its chemical composition and diverse biological
activities [27].

Propolis contains over 180 identified chemical compounds, with its composition
varying considerably according to season, geographic region, local flora, climate, bee
species, and collection methods [30]. Harvested from both temperate and tropical regions,
it has yielded more than 300 distinct constituents to date [31,32]. At room temperature,
propolis exhibits a hard, brittle texture, but upon mild heating or handling, it softens into a
sticky, malleable form, with a melting point of approximately 70 ◦C [33]. Its characteristic
aromatic scent reflects a rich phytochemical profile—including polyphenols, terpenoids,
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amino acids, sugars, steroids, minerals, and vitamins—that underlies its broad spectrum of
biological activities [12,16–18,30]. Among these, polyphenols—particularly flavonoids and
phenolic acids—are regarded as the most pharmacologically relevant, with their abundance
and composition determined largely by the botanical source [34].

Based on the botanical origin of the plant resins collected by bees, propolis can be
classified into several major types, including poplar-type, Baccharis-type, Betula-type,
Macaranga-type, and Dalbergia-type [12]. Each type displays a distinctive polyphenolic
signature [30]. Poplar-type propolis, common in temperate regions such as Europe, North
America, and parts of non-tropical Asia, is primarily derived from Populus species—
including Populus alba, Populus tremula, and Populus nigra [35]. It is characterized by high
levels of free phenolic acids (e.g., caffeic, p-coumaric, and ferulic acids) and their esters such
as caffeic acid phenethyl ester (CAPE), in addition to flavonoids including chrysin, luteolin,
apigenin, and kaempferol [36]. Baccharis-type propolis, prevalent in southern Brazil,
Argentina, Uruguay, Paraguay, and Bolivia, originates primarily from the shrub Baccharis
dracunculifolia [37]. This type is rich in prenylated phenolic compounds, with artepillin C
and chlorogenic acid as defining bioactive constituents [38]. Dalbergia-type (red) propolis,
derived from Dalbergia ecastophyllum, is notable for its diverse flavonoid composition,
including flavanones, isoflavones, and dihydroflavonoids [38,39]. Propolis composition
varies by botanical source and geographical origin, resulting in distinct chemical profiles
across major propolis types (Table 1).

Table 1. Major propolis types: geographical distribution, botanical sources, and characteristic
marker compounds.

Propolis Type Key Marker Compounds Botanical Source (Genus) Geographical Distribution

Poplar-type
Chrysin, Pinocembrin,

Galangin, CAPE, Caffeic
acid, p-Coumaric acid

Populus spp. [40] Europe, North
America, Asia

Baccharis-type (Green) Artepillin C, Kaempferide,
p-Coumaric acid, Drupanin Baccharis dracunculifolia [41] Brazil

Red Propolis Formononetin, Vestitol,
Neovestitol, Isoliquiritigenin Dalbergia ecastophyllum [42] Brazil

Mediterranean-type Quercetin, Apigenin,
Luteolin, Pinobanksin

Populus, Pinus spp., and
wild herbs [43] Turkey, Greece, Italy

Dalbergia-type
Liquiritigenin,

Isoliquiritigenin, Prenylated
benzophenones

Dalbergia spp. [39] Cuba, Venezuela

Propolis contains a broad spectrum of bioactive compounds. Key constituents include
carboxylic acids, phenolic derivatives such as caffeic acid and its ester CAPE, cinnamic acid
analogs, and terpenoids like pinocembrin and galangin. Additionally, saponins, phorbol
esters, benzoic and coumaric acids, fatty acids, amino acids, apigenin, naringenin, naringin,
gallic acid, steroids, vitamins, reducing sugars, and essential oils contribute to the complex
pharmacological profile of propolis [44,45].

Flavonoids and phenolic acids in propolis act synergistically, contributing to its antiox-
idant, antimicrobial, and anti-inflammatory properties [46]. Their biological activities have
been demonstrated in both in vitro and in vivo studies [31,47–49]. For instance, treatment
with CAPE at concentrations ranging from 0.1 to 10 µM for 24 h significantly reduced
reactive oxygen species (ROS) production and the expression of cell adhesion molecules
in TNF-α-stimulated human endothelial cells [50]. In a rat model of lead-induced nephro-
toxicity, oral administration of chrysin at daily doses of 25 and 50 mg/kg for seven days
significantly attenuated oxidative damage and suppressed the expression of inflammatory
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markers [49]. Similarly, dietary supplementation with quercetin at 2 and 10 mg/kg/day
for ten weeks improved insulin sensitivity and reduced hyperglycemia, dyslipidemia, and
hepatic steatosis in obese Zucker rats [51]. Moreover, oral galangin at 50 mg/kg/day for
six weeks in cafeteria diet-induced obese female rats significantly inhibited pancreatic
lipase activity, thereby limiting fat absorption and body weight gain [52]. Collectively,
these findings suggest that polyphenolic constituents of propolis may modulate obesity
associated metabolic disturbances through multiple biological pathways [31].

Although propolis contains a wide spectrum of pharmacologically active constituents,
its resinous and poorly soluble nature limits direct application in experimental and thera-
peutic contexts. To unlock its bioactive potential, extraction with suitable solvents—such
as ethanol, methanol, water, hexane, acetone, dichloromethane, or chloroform—is re-
quired [53]. Among these, ethanol is most frequently employed, as it yields concentrated
extracts comprising up to 70% propolis-derived material, thereby facilitating laboratory
handling and comparative chemical analyses [54]. However, given the pronounced chemi-
cal heterogeneity of propolis across botanical and geographic origins, current consensus
emphasizes standardization based on comprehensive phytochemical profiling rather than
reliance on a single marker compound [28]. Such characterization is crucial for linking
distinct chemical signatures to specific biological effects—particularly those relevant to
complex metabolic disorders like obesity [54].

Propolis has been widely used in both traditional and modern practices. Although
propolis has generally been well tolerated in short-term human studies, most human trials
were short in duration and were not designed to evaluate long-term safety outcomes [55].
In addition, variability in botanical origin, extraction solvents, and formulation [56,57].
Importantly, the extraction solvent not only determines the chemical profile but may also
influence tolerability and adverse-event patterns reported across studies. For example,
ethanol, a solvent frequently employed in propolis extraction, has been associated with
mild hepatic alterations following long-term exposure [58]. Rare allergic reactions such
as contact dermatitis, most often involving the lips and oral mucosa, have also been
documented in sensitive individuals [50,52]. Experimental animal studies consistently
demonstrate low acute toxicity of propolis. Arvouet-Grand et al. (1993) reported an oral
LD50 greater than 7340 mg/kg in mice, whereas Gritsenko et al. (1977) observed an LD50 of
2050 mg/kg and an LD100 of 2750 mg/kg [57,59]. In subchronic models, 90-day adminis-
tration at 4600 mg/kg/day in mice elevated blood urea levels—attributed to the alcohol
vehicle rather than propolis—whereas 1400 mg/kg/day produced no adverse histolog-
ical or biochemical changes, indicating this dose as a potential no-observed-effect level
(NOEL) [55]. Overall, available evidence suggests that propolis is generally well tolerated
in experimental settings and short-term human studies; however, safety conclusions cannot
be generalized across preparations, and long-term human safety data remain limited.

4. Therapeutic Mechanisms of Propolis Relevant to Obesity
Propolis, through its diverse biological activities, may modulate multiple intercon-

nected pathways implicated in the development and progression of obesity [60–62]. Obesity
is marked by complex metabolic, hormonal, and inflammatory disturbances that disrupt en-
ergy balance. Key molecular mediators include adipocyte-derived hormones such as leptin
and adiponectin, together with pro-inflammatory cytokines such as IL-6 and TNF-α, which
collectively regulate glucose homeostasis, insulin sensitivity, adipocyte differentiation, and
lipid storage [63]. Furthermore, imbalances in appetite-regulating hormones—notably lep-
tin and ghrelin—are strongly associated with obesity-related metabolic dysfunctions [64].
Evidence from recent in vitro and in vivo studies suggests that propolis and its polyphe-
nolic constituents may modulate these molecular targets through several mechanisms,
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including activation of antioxidant defenses via the nuclear factor erythroid 2–related
factor 2 (Nrf2) signaling pathway, suppression of inflammatory signaling through nuclear
factor kappa B (NF-κB) inhibition, regulation of adipogenesis and lipid metabolism, and
modulation of gut microbiota composition [61,65–68]. The following subsections provide a
detailed examination of these mechanisms, supported by experimental data. An integrated
schematic overview of the proposed pathways is presented in Figure 2.

 

Figure 2. Proposed mechanistic pathways through which propolis may modulate obesity-
related metabolic dysfunctions. (A) Modulation of TLR4/NF-κB inflammatory signaling pathway;
(B) Regulation of adipogenesis, lipogenesis, browning, and AMPK activation; (C) Activation of Nrf2-
mediated antioxidant defense mechanisms; (D) Modulation of gut microbiota composition, intestinal
barrier integrity, and LPS-TLR4 signaling. The schematic was constructed using information from
KEGG and Reactome pathway databases. Solid arrows indicate canonical signaling relationships,
whereas dashed arrows represent proposed propolis-associated effects supported predominantly
by preclinical evidence; therefore, causal inference in humans should be interpreted cautiously. The
schematic was conceptualized and designed by the authors using Inkscape (version 1.4.3). Abbre-
viations: TLR4, Toll-like receptor 4; MyD88, myeloid differentiation primary response 88; AMPK,
AMP-activated protein kinase; UCP1, uncoupling protein 1; KEAP1, Kelch-like ECH-associated
protein 1; ARE, antioxidant response element; HO-1, heme oxygenase-1; NQO1, NAD(P)H quinone
dehydrogenase 1; ZO-1, zonula occludens-1; Treg, regulatory T cell; RXR, retinoid X receptor; C/EBPα,
CCAAT/enhancer-binding protein α; SREBP-1c, sterol regulatory element–binding protein 1c; FABP4,
fatty acid-binding protein 4; FASN, fatty acid synthase; ACC, acetyl-CoA carboxylase.
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(A). NF-κB–mediated inflammatory signaling: Propolis is proposed to attenuate TLR4/
MyD88-dependent NF-κB activation, which may reduce downstream expression of
pro-inflammatory cytokines (TNF-α, IL-6, IL-1β, MCP-1) and may promote anti-
inflammatory mediators (e.g., upregulation of IL-10 and Treg).

(B). Adipogenesis and lipid metabolism: Propolis may modulate transcriptional regula-
tors of adipocyte differentiation (PPARγ–RXR, C/EBPα, SREBP-1c) and downstream
adipogenic/lipogenic genes (FABP4, aP2, FASN, ACC), while potentially activating
AMPK and UCP1. Collectively, these effects may contribute to enhanced brown-
ing/thermogenesis, reduced lipogenesis, and improved insulin sensitivity.

(C). Nrf2-driven antioxidant response: Propolis may interfere with KEAP1-mediated
degradation of Nrf2, thereby facilitating nuclear translocation and activation of ARE-
dependent antioxidant genes (HO-1, NQO1, SOD, CAT, GPx). These mechanisms
may reduce ROS and lipid peroxidation and support restoration of redox balance.

(D). Gut microbiota and barrier integrity: Propolis may promote beneficial microbes
(e.g., Lactobacillus, Akkermansia) and short-chain fatty acid production, while poten-
tially reducing inflammation-associated taxa (e.g., Alistipes). These changes may
enhance epithelial barrier proteins (ZO-1, Occludin, Claudin-1), reduce intestinal
permeability/endotoxemia, and attenuate systemic inflammation via downregulation
of LPS–TLR4 signaling.

4.1. Antioxidant Mechanisms and Oxidative Stress Regulation

Oxidative stress is a key driver of obesity-associated metabolic dysfunction. Chronic
low-grade inflammation, hyperglycemia, elevated circulating free fatty acids, and impaired
mitochondrial function collectively increase reactive oxygen species (ROS) production
and disrupt redox homeostasis [69–71]. Persistent oxidative stress amplifies inflammatory
signaling, impairs adipose tissue endocrine function, and aggravates insulin resistance;
therefore, restoring redox balance has become an important therapeutic target in obesity
research [72,73].

Propolis is a complex bee-derived matrix enriched in polyphenols and flavonoids with
well-established antioxidant properties. Major constituents such as caffeic acid phenethyl
ester (CAPE), chrysin, pinocembrin, galangin, and caffeic acid derivatives have been
widely investigated for their ability to scavenge ROS and reduce lipid peroxidation, while
also activating endogenous antioxidant defense systems [74–77]. Importantly, beyond
direct radical-quenching activity, propolis appears to modulate redox-sensitive signaling
networks that are closely linked to mitochondrial function and metabolic regulation.

4.1.1. In Vitro Findings

Cell-based studies suggest that propolis extracts and selected constituents can re-
duce intracellular ROS accumulation and may protect against oxidative damage under
certain experimental conditions [74]. A central mechanistic theme is the activation of
the Nrf2 pathway, which regulates transcription of antioxidant and detoxifying enzymes
via AREs [61,78,79]. In several in vitro models, propolis-derived polyphenols have been
reported to increase Nrf2 nuclear translocation and upregulate downstream antioxidant
enzymes, including HO-1, SOD, CAT, and glutathione-related enzymes, suggesting that
propolis may enhance cellular antioxidant capacity [78,79].

In addition, propolis has been linked to improved mitochondrial performance un-
der oxidative stress conditions. Experimental systems have reported improvements in
mitochondrial membrane potential, intracellular antioxidant status, and oxygen utilization
following exposure to propolis extracts or polyphenol-rich fractions [80–82]. Notably, these
effects have been described using chemically diverse preparations, including ethanolic
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extracts and polyphenol-rich fractions, typically tested across a wide concentration range
(often spanning ~1–100 µg/mL depending on the assay and cell type), which may partly
explain variability in the magnitude of responses across studies [81,82]. Although these
studies vary substantially in extract type, concentration range, and chemical characteriza-
tion, they collectively suggest that propolis may stabilize mitochondrial redox balance at
the cellular level.

Red propolis has also demonstrated mitochondria-related effects in cell-based systems.
When tested at concentrations ranging from 10 to 80 µg/mL in antioxidant assays and
3.9 to 500 µg/mL in functional assays, red propolis extracts were reported to enhance
mitochondrial activity, increase intracellular antioxidant capacity, and support the function
of metabolically active tissues [83,84]. However, because many studies do not provide full
chemical profiling, polyphenol standardization, or batch-to-batch quality control, these
findings remain difficult to synthesize quantitatively. Such variability likely contributes to
inconsistencies in reported outcomes.

Overall, in vitro evidence suggests antioxidant and mitochondria-protective actions
of propolis largely through Nrf2-related mechanisms. However, heterogeneity in propolis
preparation (ethanolic vs. other extracts), lack of consistent standardization, and wide
dosing ranges limit direct cross-study comparability and translation.

4.1.2. In Vivo Findings

Animal studies provide stronger preclinical support suggesting that propolis may
improve systemic redox status in obesity-related contexts. In high-fat diet models, supple-
mentation with polyphenol-rich ethanolic propolis preparations—including dried ethanolic
extract powders such as Propolis Extract Powder (PEP) and Poplar Propolis Ethanolic
Extract (PPEE) powder—has been associated with improvements in glucose tolerance,
lipid oxidation and thermogenesis, and reduced expression of inflammatory mediators,
with these outcomes mechanistically linked to Nrf2 activation in metabolic tissues [85,86].
These products are typically obtained by ethanolic extraction followed by solvent removal
and drying, yielding powder formulations that facilitate dosing consistency in long-term
feeding studies. In a high-fat diet-induced obesity model, daily supplementation with a
polyphenol-rich ethanolic propolis preparation at a dose of 20 mg per mouse (equivalent
to ~4.5 mg total polyphenols) for 12 weeks was associated with improvements in glucose
tolerance and markers of lipid oxidation and thermogenesis, alongside lower expression of
inflammatory genes, consistent with Nrf2 activation [85].

In parallel, mitochondrial dysfunction—characterized by impaired oxidative phos-
phorylation, reduced energy production, and elevated ROS—is a hallmark of obesity-
related metabolic disease [69]. In vivo findings suggest that propolis may counteract
these alterations by supporting mitochondrial biogenesis and preserving mitochondrial
integrity [87,88]. Nevertheless, these outcomes should be interpreted as preclinical efficacy
signals rather than definitive evidence of causality in humans.

While CAPE is frequently discussed as a key bioactive molecule, its mechanistic evi-
dence derives largely from experimental models beyond obesity. For example, in a murine
spinal cord injury model, intraperitoneal CAPE administration activated the SIRT1/PGC-
1α axis and reduced mitochondrial fragmentation through DRP1-related signaling [89].
These data provide mechanistic plausibility for CAPE-mediated mitochondrial protection;
however, they should be interpreted as supportive evidence rather than direct confirmation
of obesity-specific mechanisms. Obesity-specific animal studies are still needed to confirm
whether comparable pathways operate in adipose tissue, liver, and skeletal muscle under
metabolic stress.
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Preclinical evidence suggests that propolis may improve oxidative balance and mi-
tochondrial function in obesity-related models, with Nrf2 signaling and mitochondrial
biogenesis emerging as recurrent mechanistic themes. However, interpretation is con-
strained by heterogeneity in propolis source, extraction method, and standardization, and
by limited mechanistic confirmation in target metabolic tissues.

4.1.3. Clinical Findings

Clinical data remain limited but are broadly consistent with the concept that propolis
may improve redox and inflammatory status in metabolic disease settings. Across human
trials, propolis supplementation has been associated with improvements in systemic an-
tioxidant capacity markers and reductions in selected oxidative stress indicators, often
alongside modest improvements in metabolic parameters [90,91]. In clinical studies, propo-
lis has been administered in heterogeneous formats, including powders, commercially
available market products, and capsule-based supplements, often with limited reporting
of botanical origin, extraction method, and polyphenol/CAPE content [92]. However, the
clinical literature is characterized by variability in dose, duration, population (e.g., obesity
vs. obesity-related comorbidities), and—critically—the chemical characterization of the
administered propolis product. In most studies, the polyphenol profile, CAPE content, and
standardization procedures are insufficiently reported, limiting mechanistic interpretation
and reproducibility [33,93,94].

Human evidence suggests potential benefits of propolis on systemic oxidative stress
markers, but conclusions remain preliminary due to heterogeneous trial designs, limited
standardization of preparations, and inconsistent reporting of polyphenol content and
primary endpoints.

Collectively, available evidence suggests that propolis may target multiple nodes
in obesity-associated oxidative stress, including Nrf2-dependent antioxidant defenses,
mitochondrial biogenesis and function, and ROS-generating enzymes such as NADPH
oxidase. These mechanisms may interact to preserve metabolic homeostasis by reducing
oxidative damage, limiting inflammatory amplification, and supporting insulin-sensitive
energy metabolism. Importantly, most mechanistic links summarized here are derived from
in vitro systems, animal models, or isolated-compound experiments; thus, mechanistic
causality in humans remains to be confirmed. Figure 2 summarizes these pathways and
highlights mechanistic links supported predominantly by preclinical evidence [61,77,83].

4.2. Anti-Inflammatory Mechanisms and Immune Modulation

Chronic low-grade inflammation is a defining feature of obesity and plays a central
role in the development of insulin resistance, type 2 diabetes, non-alcoholic fatty liver
disease, and cardiovascular complications [95,96]. As adipose tissue expands, it undergoes
structural and immunological changes, including adipocyte hypertrophy, local hypoxia,
and recruitment of pro-inflammatory immune cells—particularly M1 macrophages. These
changes drive increased secretion of inflammatory mediators such as TNF-α, IL-6, and
CRP, which propagate systemic inflammation [97–99]. Elevated leptin levels under hy-
poxic and inflammatory conditions further contribute to this cycle by promoting leptin
resistance and worsening metabolic dysfunction [100–103]. Because of these mechanisms,
signaling pathways involving NF-κB, IL-6, and TNF-α are increasingly targeted in thera-
peutic strategies. Propolis and its bioactive polyphenols—such as artepillin C, kaempferide,
and baccharin—have emerged as promising natural modulators of these inflammatory
cascades [12,13].

Macrophage-based in vitro systems have provided mechanistic insights into the anti-
inflammatory potential of propolis constituents, particularly through suppression of in-
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flammatory mediator production. In RAW 264.7 macrophages, exposure to 1–100 µg/mL
for 20 h inhibited NO synthesis [104]. These findings support the hypothesis that propolis-
derived polyphenols may attenuate inflammatory signaling at the cellular level, including
pathways upstream of NF-κB activation.

4.2.1. In Vitro Findings

In vitro studies suggest that propolis and selected constituents can suppress inflam-
matory mediator production in immune cell models [14,105]. However, these systems do
not fully capture the complexity of obesity-associated metaflammation, and dose ranges,
extract composition, and standardization vary widely across experiments [93,94].

4.2.2. In Vivo Findings

Animal studies provide complementary insights. High-fat diet feeding induces chronic
inflammation in adipose tissue and contributes to systemic metabolic dysregulation, a
process often termed “metaflammation” [106,107]. Propolis extracts have been reported
to attenuate these responses by suppressing pro-inflammatory gene expression, lowering
nitric oxide (NO) production, and reducing cytokine levels—including TNF-α and IL-
6—through downregulation of NF-κB signaling [108]. Artepillin C may contribute to
the reported anti-inflammatory activity. In addition to obesity-relevant chronic models,
several studies have used acute inflammation assays (e.g., carrageenan-induced edema)
or macrophage-based in vitro systems to demonstrate the anti-inflammatory potential of
propolis constituents, although these models do not fully recapitulate obesity-associated
metaflammation [14]. In a carrageenan-induced paw edema model, intraperitoneal injection
of 1–10 mg/kg artepillin C, administered 30 min prior to the challenge, significantly lowered
prostaglandin E2 and neutrophil infiltration [47]. Oral administration of Tigzirt propolis as
an ethyl acetate extract of propolis (EAP; dry extract) at 50–250 mg/kg/day for five days in
the same model further reduced TNF-α, prostaglandin E2 (PGE2), myeloperoxidase (MPO),
and malondialdehyde (MDA) levels [109].

Additional models support these anti-inflammatory actions. Experiments in both
obese and lean mouse models have shown that repeated intraperitoneal injections of
ethanolic propolis extract at 100 mg per kilogram, administered twice weekly for four
weeks, shifted immune responses toward an anti-inflammatory profile as demonstrated
by Kitamura et al. [66]. In line with these observations, Hsieh et al. reported that giving
Taiwanese green propolis extract preparation orally at a dose of 20 mg per kilogram at 0, 24,
and 48 h in a monosodium urate–induced peritonitis model reduced neutrophil infiltration
and lowered cytokine production [110]. Together, these findings suggest that propolis
may modulate inflammation through multiple converging mechanisms—acting both at the
level of inflammatory mediator production and immune cell polarization. These findings
support broader immunomodulatory potential, while obesity-associated metaflammation is
best interpreted based on diet-induced obesity and metabolically relevant models. Figure 2
provides a schematic overview of these mechanisms.

Preclinical evidence suggests that propolis preparations and selected constituents may
attenuate inflammatory signaling and cytokine production, partly through modulation of
NF-κB-related pathways and immune cell polarization. However, interpretation is limited
by the use of heterogeneous models (diet-induced obesity vs. acute inflammation), variable
dosing regimens, and incomplete standardization of propolis preparations.

4.2.3. Clinical Findings

Clinical evidence, though limited, is broadly consistent with these observations. A
2020 meta-analysis that pooled data from six randomized controlled trials reported signifi-
cant reductions in circulating TNF-α and CRP following propolis supplementation [111].
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In a triple-blind, placebo-controlled trial with 60 women diagnosed with polycystic ovary
syndrome, daily supplementation with 500 mg of standardized propolis (containing 90 mg
polyphenols and 67 mg flavonoids) for 12 weeks led to a measurable reduction in high-
sensitivity C-reactive protein (hs-CRP) concentrations, without any adverse events [112].
In a separate study in patients with non-alcoholic fatty liver disease, four months of supple-
mentation with 500 mg/day of Iranian poplar propolis administered as a tablet containing
a lyophilized ethanolic extract improved hepatic steatosis and fibrosis, accompanied by
a decrease in hs-CRP levels [113]. Taken together, these clinical data, although limited in
scope, suggest a potential anti-inflammatory effect of propolis in metabolic disorders. Most
studies are small and vary in duration and formulation, making it difficult to draw firm
conclusions. More standardized and larger clinical trials are needed to confirm these effects.

Human trials and meta-analytic evidence suggest that propolis supplementation may
reduce selected systemic inflammatory markers (e.g., TNF-α, CRP/hs-CRP). Nevertheless,
the clinical literature remains limited by small sample sizes, heterogeneous populations,
and variability in formulation and standardization, preventing strong causal inference
regarding obesity-associated inflammation.

Collectively, available evidence suggests that propolis preparations and selected con-
stituents may attenuate obesity-associated inflammatory signaling, particularly through
modulation of NF-κB-related pathways, reduced pro-inflammatory cytokine production,
and shifts in immune cell polarization. However, given the heterogeneity in experimental
models and propolis standardization, and the limited size and duration of clinical trials,
mechanistic causality in humans remains to be confirmed (Figure 2).

4.3. Adipogenesis and Lipid Metabolism Homeostasis

Adipogenesis involves a series of transcriptional events through which precursor
cells differentiate into mature adipocytes [114]. The key regulators are members of the
CCAAT/enhancer-binding protein (C/EBP) family (C/EBPβ, C/EBPδ, C/EBPα) and per-
oxisome proliferator-activated receptor gamma (PPARγ), the master regulator of adipocyte
differentiation [115]. Additional regulatory elements—such as Krüppel-like factors (KLFs),
components of the Wnt signaling pathway, and cell-cycle modulators—further refine adi-
pogenic commitment and maturation [116–118]. Because adipogenesis plays a central
role in energy storage and endocrine balance, it remains a major area of focus in obesity
research [119].

4.3.1. In Vitro Findings

Mechanistic and cell-based studies provide insight into how propolis-derived phe-
nolics may influence adipogenic signaling and lipid metabolic programs [120,121]. Phe-
nolic compounds such as artepillin C, kaempferide, and isokaempferide have been re-
ported to activate the free fatty acid receptor 4 (FFAR4) pathway, which is linked to
enhanced GLUT4 translocation, increased glucose uptake, and modulation of adipocyte
differentiation–related signaling. In HEK293 cells expressing FFAR4, chrysin, pinocembrin,
galangin, pinobanksin, and CAPE similarly activated FFAR4 after short-term exposure at
0.1% dimethyl sulfoxide (DMSO) [120]. 2-phenyl-8-(1-phenylallyl)-chromenone has been
described as a pan-PPAR modulator, engaging PPARα, PPARβ/δ, and PPARγ to influence
transcriptional programs related to fatty acid oxidation and adipogenesis; short-term expo-
sure (1–2 h) in human mesenchymal stem cells and HEK293 assays was associated with
reductions in intracellular triglyceride levels [122]. Flavonoids such as tectochrysin and
artepillin C have also been identified as RXR or PPARγ ligands in HEK293 luciferase and
3T3-L1 assays [123]. Importantly, adipogenesis is a stage-dependent and tissue-specific
process, and activation of FFAR4 or RXR/PPARγ signaling in cell-based assays may reflect
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adipocyte metabolic programming rather than uniform promotion of fat-mass expan-
sion. These findings highlight the complex and context-dependent actions of propolis
constituents on adipogenic pathways.

In vitro studies suggest that propolis-derived constituents can interact with FFAR4
and nuclear receptor signaling (RXR/PPAR), which may influence adipogenic and lipid
metabolic gene programs. However, these mechanistic findings are derived from heteroge-
neous assay systems, short-term exposures, and isolated-compound experiments; therefore,
their physiological relevance to obesity-related adipose tissue remodeling requires confir-
mation in metabolically relevant models.

4.3.2. In Vivo Findings

Animal studies provide preclinical evidence that propolis preparations may modulate
lipid metabolism and adipose tissue remodeling, although the magnitude and mechanistic
drivers vary by model and preparation [124,125]. In male C57BL/6 mice, daily oral ad-
ministration of Brazilian propolis as a powdered ethanolic extract at 200 mg/kg for five
weeks was associated with improved glycemic regulation and lower circulating triglyceride
and cholesterol concentrations, with proposed involvement of RXRα-related regulation
of lipid uptake and oxidation genes [126]. Longer-term administration in SAMP8 mice
(200 mg/kg/day for 12 weeks) reduced hepatic triglyceride accumulation and improved
serum lipid profiles [127]. Similar lipid-lowering trends were also reported in Wistar
rats fed high-fat diets with propolis mixed directly into the diet (e.g., supplemented with
0.05% propolis, w/w; 0.05–0.5% range) for eight weeks, and in C57BL/6 mice receiving
Chinese propolis extracts at 30–60 mg/kg/day for one week in a Triton-induced hyperlipi-
demia model [128].

Some studies have specifically focused on adipose tissue thermogenic remodeling. In
obesity models, Taiwanese green propolis administered as a dietary supplement at 500 or
1000 ppm for 12 weeks was reported to promote browning of white adipose tissue by
upregulating UCP1 [124]. Importantly, induction of UCP1-mediated browning reflects ther-
mogenic remodeling of mature adipocytes, whereas downregulation of PPARγ/C/EBPα
primarily relates to inhibition of adipogenic differentiation and lipid storage programs.
Likewise, caffeic acid phenethyl ester (CAPE) provided in the diet at 0.02–0.5% (w/w) for
five weeks was reported to downregulate PPARγ and C/EBPα and inhibit MAPK signaling,
consistent with suppression of adipogenic differentiation [129].

Preclinical studies suggest that propolis preparations (e.g., Brazilian, Chinese, and
Taiwanese green propolis) and CAPE may be associated with improvements in circulating
and hepatic lipid parameters and with adipose tissue remodeling (including browning-
related markers). Nevertheless, interpretation is limited by heterogeneity in botanical
origin, extraction procedures, and standardization of propolis preparations, as well as
differences in model type, intervention duration, and dosing strategy.

4.3.3. Clinical Findings

Clinical findings provide limited but supportive evidence that propolis supplementa-
tion may influence lipid metabolism in humans, although study populations and prepa-
rations are heterogeneous [130]. In a randomized controlled trial, daily administration
of a 3% Beepolis® solution (Laboratorio Rotterdam Ltda, Maule Region, Chile) (15 drops
twice daily for 90 days) increased HDL-cholesterol levels and reduced thiobarbituric acid
reactive substances (TBARSs), suggesting changes in lipid-related and oxidative status
markers [131]. In patients with type 2 diabetes, oral supplementation with propolis ad-
ministered as capsule-based supplements (500 mg twice daily for three months) improved
lipid parameters, potentially reflecting changes in hepatic lipid regulation and antioxidant
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activity [132]. Similar outcomes were reported in women with rheumatoid arthritis, where
12 weeks of propolis supplementation (500 mg capsules twice daily containing 170 mg
poplar-type propolis ethanolic extract, standardized to 100 mg polyphenols and 67 mg
flavonoids per capsule) lowered total cholesterol, LDL, and triglycerides, while increasing
HDL [133]. Taken together, available clinical data are broadly consistent with the possibility
that propolis supplementation may influence lipid homeostasis.

Human trials suggest that propolis supplementation (administered as solutions and
capsule-based supplements) may be associated with modest improvements in lipid pa-
rameters and oxidative stress markers. However, clinical interpretation is constrained by
heterogeneity in participant populations (metabolic disease vs. inflammatory conditions),
variable formulations, and limited reporting of botanical origin, extraction method, and
polyphenol standardization.

Collectively, evidence from mechanistic assays, animal models, and a limited number
of clinical trials suggests that propolis preparations and selected constituents may influence
adipogenesis-related signaling and lipid metabolism homeostasis through multiple path-
ways, including FFAR4 and RXR/PPAR-related mechanisms, adipogenic transcriptional
regulation, and thermogenic remodeling. However, most mechanistic links remain derived
from in vitro systems, animal studies, or isolated-compound experiments; therefore, causal
inference and mechanistic confirmation in humans remain to be established. A simpli-
fied graphical summary of the key mechanisms discussed in Sections 4.1–4.3 is provided
in Figure 3.

Emerging evidence suggests that the gut microbiota may play an important role
in metabolic inflammation and energy homeostasis in obesity. Obesity-associated dys-
biosis is frequently characterized by reduced short-chain fatty acid (SCFA) production,
impaired intestinal barrier integrity, and increased abundance of lipopolysaccharide (LPS)-
producing taxa, which together may promote endotoxemia and activation of inflammatory
signaling pathways such as TLR4/NF-κB [134,135]. Propolis has recently gained atten-
tion as a microbiota-targeting agent because its complex polyphenolic matrix can exert
both prebiotic-like and antimicrobial activities, thereby potentially influencing microbial
composition and downstream host pathways relevant to metabolic inflammation [136,137].
Importantly, the magnitude and direction of these effects may depend on propolis type,
botanical origin, extraction method, and degree of standardization [138].

4.4. Gut-Microbiota Interactions

Growing experimental evidence indicates that propolis may modulate gut microbiota
composition and intestinal barrier integrity in metabolically relevant settings, with re-
ported effects on SCFA production, tight junction function, and inflammatory signaling
pathways [139–149].

4.4.1. In Vitro Findings

In vitro fermentation studies provide complementary findings suggesting a prebiotic-
like role of propolis [139,140]. Fermentation of fecal samples from healthy adults and
IBD patients with 0.5 mg/mL standardized poplar-type propolis for 48 h increased SCFA
production and promoted beneficial microbial shifts, indicating that propolis-derived
constituents may modulate microbial metabolism under controlled conditions [140].

In vitro fermentation data suggest that standardized propolis preparations may in-
crease SCFA output and promote favorable microbial shifts. However, these findings are
derived from ex vivo systems and do not directly capture the complexity of host–microbiota
interactions, barrier function, and metabolic inflammation in obesity.
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Figure 3. Simplified summary of the core mechanisms through which propolis may modulate obesity-related metabolic dysfunctions (Sections 4.1–4.3). Arrows
indicate the directional relationship between propolis and the major mechanistic domains (antioxidant, anti-inflammatory, and adipogenesis/lipid metabolism
pathways). Abbreviations: CAPE, caffeic acid phenethyl ester; Nrf2, nuclear factor erythroid 2–related factor 2; HO-1, heme oxygenase-1; NQO1, NAD(P)H quinone
dehydrogenase 1; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase; TLR4, Toll-like receptor 4; MyD88, myeloid differentiation primary
response 88; NF-κB, nuclear factor kappa B; AMPK, AMP-activated protein kinase; UCP1, uncoupling protein 1. The schematic was conceptualized and designed by
the authors using Inkscape (version 1.4.3).
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4.4.2. In Vivo Findings

Preclinical models provide broader findings suggesting that propolis may influence
microbiota composition and intestinal barrier function in ways that are mechanistically
relevant to obesity-associated metabolic inflammation [141–144]. Across diverse rodent
studies, a recurring pattern is enrichment of SCFA-producing taxa alongside reductions in
putative LPS-associated genera, accompanied by improvements in tight junction integrity
and attenuation of inflammatory signaling [144].

Several studies suggest that propolis may support SCFA-associated metabolic regu-
lation [139,145]. In db/db mice, dietary supplementation with 0.08–2% Brazilian green
propolis for eight weeks enriched SCFA-producing genera such as Butyricicoccus and Ace-
tivibrio, strengthened mucosal barrier function, and was associated with improvements
in glucose intolerance and systemic inflammation [146]. Similarly, in high-fat diet-fed
mice, 12-week supplementation with 1–2% Chinese propolis extract increased Lactobacillus
abundance, reduced LPS-producing taxa such as Alistipes, and improved insulin sensi-
tivity [147]. In a metabolically distinct model, male ICR mice receiving 100–200 mg/kg
ethanolic propolis extract for four weeks showed increased Akkermansia and Lactobacillus,
elevated SCFA production, and reduced oxidative stress [148], supporting the plausibility
that propolis can modulate SCFA-linked microbial outputs.

In parallel, multiple studies indicate that propolis may preserve or restore intestinal
barrier integrity, which is a key upstream determinant of endotoxemia-driven metaflam-
mation. In rats exposed to aflatoxin B1, daily oral gavage of 250 mg/kg propolis for four
weeks restored tight junction integrity, reduced oxidative stress, and maintained beneficial
taxa, including Lactobacillus, Roseburia, and Phascolarctobacterium [149]. Likewise, daily oral
gavage of 80–240 mg/kg propolis for four weeks in diabetic rodents upregulated tight
junction proteins, increased SCFA levels, and improved glycemic control while reducing
inflammatory markers [144]. In high-fat diet (HFD)/streptozotocin (STZ)-induced dia-
betic mice, administration of 600 mg/kg ethanolic propolis extract for four weeks lowered
blood glucose and pro-inflammatory cytokines, increased beneficial genera (Lactobacillus,
Akkermansia, Parabacteroides), and decreased Bilophila and Desulfovibrio; these changes were
interpreted as potentially contributing to improved insulin sensitivity [143].

Notably, propolis has also been reported to modulate upstream inflammatory triggers
such as TLR4 signaling. In a DSS-induced colitis model, rats fed a Western-style diet with
0.3% Chinese propolis for 21 days showed reduced disease severity, increased Lactobacillus
and Bifidobacterium, reduced Escherichia–Shigella, and inhibition of TLR4/NF-κB signal-
ing [142]. Although colitis is not an obesity model, these findings remain mechanistically
relevant because barrier disruption and TLR4-driven inflammatory amplification represent
shared upstream nodes linking gut dysfunction to systemic metabolic inflammation.

Across rodent models, propolis preparations (Chinese propolis, Brazilian green propo-
lis, and ethanolic extracts) have been reported to (i) enrich SCFA-producing taxa, (ii) reduce
putative LPS-associated genera, (iii) strengthen tight junction integrity, and (iv) attenuate
inflammatory signaling such as TLR4/NF-κB. Nevertheless, interpretation is limited by
heterogeneity in model systems (obesity, diabetes, colitis, toxin exposure), variability in
propolis type and extraction method, and incomplete chemical standardization, which
complicate cross-study comparability. However, many studies provide limited chemical
characterization (e.g., total polyphenols, CAPE content), which restricts reproducibility.

4.4.3. Clinical Findings

Human evidence remains limited. In a double-blind, placebo-controlled trial with
42 hemodialysis patients, eight weeks of daily green propolis extract (400 mg) slightly
increased gut microbial diversity, and inverse correlations were reported between ure-

https://doi.org/10.3390/nu18050826

https://doi.org/10.3390/nu18050826


Nutrients 2026, 18, 826 17 of 39

mic toxin levels and several bacterial groups, including Firmicutes, Lentisphaerae, and
Proteobacteria [150]. Although this cohort does not represent obesity, the trial provides
preliminary human evidence that propolis supplementation may influence gut microbial
ecology, which is mechanistically relevant to metabolic inflammation [139,151].

Available clinical evidence suggests that propolis supplementation may influence
gut microbial diversity in humans; however, obesity-specific randomized trials linking
microbiota changes to metabolic endpoints remain scarce. In addition, limited reporting of
propolis composition and polyphenol standardization restricts mechanistic interpretation
and reproducibility.

Collectively, available evidence suggests that propolis preparations may influence gut
microbiota composition and intestinal barrier function through mechanisms relevant to
obesity-associated metaflammation, particularly via modulation of SCFA production, tight
junction integrity, and LPS/TLR4-driven inflammatory signaling. However, most mecha-
nistic links remain derived from preclinical models and heterogeneous disease contexts;
therefore, causal inference and mechanistic confirmation in obesity-focused human trials
remain to be established. A schematic summary of these proposed gut microbiota–related
pathways is provided in Figure 4.

An integrated overview linking the mechanisms discussed in this section and high-
lighting convergent pathways is provided in Figures 2–4.
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Figure 4. Proposed gut microbiota–related mechanisms through which propolis may influence obesity-associated metabolic inflammation. The schematic was
conceptualized and designed by the authors using Inkscape (version 1.4.3). Abbreviations: SCFA, short-chain fatty acid; LPS, lipopolysaccharide; TLR4, Toll-like
receptor 4; NF-κB, nuclear factor kappa B. The asterisk indicates that the association with hepatic steatosis is supported by relatively limited or indirect evidence
compared with other metabolic outcomes shown in the schematic.
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5. Propolis in Obesity-Linked Chronic Diseases: Evidence from
Experimental and Clinical Studies

To provide a comprehensive overview of the evidence base, this section presents
both clinical and experimental studies examining the effects of propolis in obesity-related
metabolic disorders. Table 2 summarizes key randomized controlled trials (RCTs) reporting
on metabolic, inflammatory, and anthropometric outcomes, while Tables 3 and 4 outline
findings from experimental animal models that investigate the mechanistic and physiologi-
cal effects of propolis across obesity, diabetes, metabolic syndrome, and related conditions.
To provide an integrated qualitative overview of the available evidence across mechanistic,
preclinical, and clinical levels, a graphical evidence map is presented in Figure 5.

5.1. Obesity

Evidence regarding the potential anti-obesity effects of propolis spans in vitro cellular
systems, experimental animal models, and human clinical trials [62,174,175]. At the cellular
level, in vitro treatment of 3T3-L1 preadipocytes with Taiwanese green propolis ethanol
extract (1–5 µg/mL) promoted adipocyte differentiation and reversed TNF-α-mediated
suppression of adiponectin expression, suggesting a potential role in preserving adipose
tissue function and insulin sensitivity [62]. Notably, differentiation-related effects observed
in 3T3-L1 assays may reflect restoration of adipocyte function and insulin sensitivity under
inflammatory stress rather than promotion of adipose expansion in vivo. Taken together,
these findings suggest that propolis may influence obesity-related pathways through
complementary metabolic, hormonal, and inflammatory mechanisms.

Experimental animal models have frequently reported anti-obesity–related effects
of propolis across different preparations and doses. In mice fed a high-fat diet, oral
administration of propolis at doses between 2.5 and 25 mg per kilogram of body weight
for four weeks reduced body weight gain, visceral adiposity, and hepatic lipogenic gene
expression, while improving lipid profiles [176]. Similarly, supplementing the diet of
C57BL/6J mice with 1–2% ethanolic propolis extract over a 12-week period was associated
with reduced weight gain and adiposity and improved glucose tolerance, lipid metabolism,
and gut microbiota composition [174]. Further evidence from C57BL/6J mice indicates
that a 14-week supplementation with 2% Brazilian green propolis decreased epididymal
and subcutaneous fat mass and reduced immune cell infiltration in adipose tissue, likely
through decreased lipid absorption and increased fecal lipid loss [177]. Intraperitoneal
administration of Brazilian green propolis at 100 mg per kilogram for one month suppressed
food intake and weight gain by upregulating leptin gene expression in adipose tissue,
though this effect was absent in leptin-deficient ob/ob mice [178].

Comparable effects have been observed in rat models. In Wistar rats previously
maintained on a palmitic acid-rich high-fat diet, nine weeks of daily Geniotrigona thoracica
propolis extract at 300 mg per kilogram reduced weight gain, lowered neuroinflammatory
cytokines such as IL-1β and TNF-α, and modulated autophagy-related proteins in the
prefrontal cortex [179]. In standard diet-fed Wistar rats, 90 days of supplementation with 2%
natural propolis decreased fat mass while increasing lean mass, insulin, and leptin levels,
indicating improved body composition and endocrine function [180]. Methodological
differences between these studies—including variations in propolis type, extraction method,
dosage, intervention duration, and experimental models—should be considered when
comparing outcomes, as they may partly explain inconsistencies across animal studies and
mirror the heterogeneity seen in clinical research.
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Table 2. Clinical trials of propolis supplementation: study characteristics, chemical standardization, and adiposity-related outcomes.

Study Population Baseline
BMI/Adiposity Study Design Propolis Prepara-

tion/Standardization
Propolis

Dose/Duration Dietary Control Primary Endpoint(s) Main Findings

[152] 53 healthy
women

BMI: 23.7 ± 0.7
(PLA) vs. 24.0 ± 0.6
(PRO); DXA fat%:
32.4 ± 1.2 vs.
33.0 ± 1.0

Double-blind
RCT

Brazilian green propolis
extract (Propolis 300®);
standardization: NR.

454 mg/day for
12 weeks

Habitual diet and
physical activity
maintained; dietary
intake not
quantified (NR).

DXA fat mass
(sample size
calculated for
fat mass)

↓ DXA fat mass (−0.3 kg vs. placebo)
↓ body fat % (−0.8%)
↑ adiponectin
↓ d-ROMs
↑ SOD (trend)

[153]
60 diabetic
women with
dyslipidemia

NR (reported
anthropometrics
included weight
and WHR)

Single-blind,
4 arms

Propolis capsule (500
mg/day); origin/chemical

standardization: NR

500 mg/day for
8 weeks

3-day 24 h dietary
recall used to
monitor intake

Lipid profile and
oxidative stress
markers (TAC),
adiponectin

↑ TAC, ↑ adiponectin; ↓ TC
↓ TG
↓ LDL, ↓ IL-6

[154]
36 newly
diagnosed
T2DM patients

BMI: 25–34.9 kg/m2;
baseline BMI: NR

Double-blind,
placebo-
controlled RCT

Commercial propolis
(NOW; purity > 95%);

markers/polyphenols: NR.

2 × 300 mg/day for
12 weeks

NR (if not described
as food
record/recall)

Glycemic indices
(FPG, HbA1c) and
insulin sensitivity

↓ FPG vs. placebo (p = 0.004)
↓ HbA1c vs. placebo (p = 0.049)
↓ 2 h PG (within-group, p < 0.05)
↑ insulin sensitivity (Matsuda index)

[155]
44 obese
NAFLD
patients

No significant
between-group
change in BMI
or weight

Double-blind
RCT

Propolis supplement;
chemical standardization:

NR

500 mg/day for
8 weeks

Calorie-restricted
diet (−500 kcal/day)
+ 3-day food record

Glycemic indices
(insulin, HOMA-IR,
FPG), NAFLD
score, QUICKI

↓ FBS (p = 0.037)
↓ Insulin (p = 0.040)
↓ HOMA-IR (p = 0.007)
↑ QUICKI (p = 0.015)
↓ NAFLD fibrosis score (p = 0.013);
NNT ≈ 3

[156] 66 T2DM
patients

BMI: NR (unless
baseline table
provides)

RCT
Propolis supplement;

origin/standardization:
NR

900 mg/day for
12 weeks NR Glycemic control

(FPG, HbA1c)

↓ FBG (−17.8 mg/dL vs. +6.5 mg/dL
placebo, p = 0.01)
↓ HbA1c (p < 0.05)
↓ TC (p = 0.01)
↓ LDL (p < 0.05)

[157]

50 T2DM
patients with
chronic
periodontitis

BMI: NR
(unless baseline
table provides)

RCT
BioPropolis® (IBE Pharma,

Cairo, Egypt); chemical
standardization: NR

400 mg/day for
6 months NR

HbA1c (primary);
periodontal healing
parameters

↓ HbA1c (−0.96%, 6 months, p < 0.01)
↓ FPG (p < 0.05)

[158] 65 patients
with T2DM

BMI measured
(baseline BMI
available in paper; if
not in table: NR)

RCT
Brazilian green propolis
ethanol extract; chemical

standardization: NR

900 mg/day for
18 weeks

5-day 24 h dietary
recall

Inflammation/
oxidative stress
(TNF-α, GSH,
polyphenols),
glycemic indices
(HbA1c)

No significant between-group
difference in FBG or HbA1c
↑ GSH (within-group, p < 0.05)
↑ total polyphenols (within-group,
p < 0.05)
↓ carbonyls (within-group, p < 0.05)
↓ TNF-α (within-group, p < 0.05)

Arrows indicate the direction of change relative to baseline or the control/placebo group (↑ increase, ↓ decrease). Where effect sizes were not reported, outcomes are summarized by
direction of change (↑/↓). Abbreviations: RCT, randomized controlled trial; T2DM, type 2 diabetes mellitus; NAFLD, non-alcoholic fatty liver disease; FPG, fasting plasma glucose;
HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model assessment of insulin resistance; QUICKI, quantitative insulin sensitivity check index. Oxidative stress/inflammatory
markers: SOD, superoxide dismutase; TAC, total antioxidant capacity; GSH, reduced glutathione; d-ROMs, derivatives of reactive oxygen metabolites; IL-6, interleukin-6; TNF-α, tumor
necrosis factor-α. NR indicates not reported in the original publication. Several trials did not provide baseline adiposity indices or chemical standardization parameters (e.g., total
polyphenol/flavonoid content or marker compounds), which may contribute to heterogeneity across outcomes.
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Table 3. Experimental animal studies of whole propolis preparations in obesity-related metabolic outcomes.

Study Animal Model Intervention Dose/Route/Duration Experimental Setup Metabolic Outcomes Mechanisms/Key Findings

[159] Mice (long-term
intake)

Chinese propolis
(dietary)

200 mg/kg/day/
drinking water/16 weeks

Long-term
feeding model

↓ Adiposity, altered
liver lipid

composition

Phospholipid remodeling;
altered glycerolipid metabolism.

[160] HFD-fed mice Ethanolic extract of
propolis (EEP)

50 mg/kg/day/oral
gavage/ 30 days

Hyperlipidemia
model

↓ TG, ↓ LDL, ↑ HDL,
↓ Atherogenic index

Improved lipid profile; ↑
antioxidant markers.

[161] STZ-induced diabetic
rats

Propolis vs.
nano-propolis

100 mg/kg/day/oral
administration/60 days

Diabetic + standard vs.
nano-formulations

↑ GSH, ↓ MDA,
↑ Testosterone,
↑ Sperm quality,

↑ CYP11A1,
↑ HSD-3β

Nano-formulation vs. crude:
stronger antioxidant
and steroidogenesis-

related outcomes.

[162] STZ-diabetic rats Egyptian propolis 300 mg/kg/day/oral
gavage/28 days

Diabetic nephropathy
model

↓ Renal markers,
↓ oxidative stress,

improved histology

Renoprotection; ↓ oxidative
stress; improved histology.

[163] Diabetic rats Malaysian propolis 300 mg/kg/day/oral
administration/4 weeks STZ-induced diabetes ↓ ALT/AST, ↓ MDA,

↓ IL-6, ↓ TNF-α
Hepatoprotection; antioxidant
and anti-inflammatory activity.

[164] Diabetic pregnant rats Malaysian propolis 300 mg/kg/day/oral
administration/4 weeks

STZ-induced
gestational diabetes

↓ FPG, ↑ conception
rate, ↓ oxidative stress

in placenta

Improved pregnancy outcomes;
↓ placental oxidative

stress markers.

[165] STZ-induced
diabetic rats

Chinese and
Brazilian propolis

100 mg/kg/day/oral
administration/twice

daily for 8 weeks

STZ-induced
diabetes model

↓ Body weight loss
↓ Fasting blood

glucose, ↓ HbA1c,
↓ Total cholesterol,
↓ triglycerides

Improved glycemic and lipid
parameters; enhanced

antioxidant activity and
metabolic regulation.

Arrows indicate the direction of change compared with control groups (↑ increase, ↓ decrease). Mechanistic terms reflect pathways and biomarkers reported in the original studies.
Abbreviations: HFD, high-fat diet; STZ, streptozotocin; FPG, fasting plasma glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TG, triglycerides; LDL, low-density
lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; GSH, reduced glutathione; MDA, malondialdehyde; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; HbA1c,
glycated hemoglobin.
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Table 4. Experimental animal studies of isolated propolis-derived compounds in obesity-related metabolic outcomes.

Study Animal Model Intervention Dose & Duration Experimental Setup Metabolic Outcomes Mechanisms/Key Findings

[166] Obese rats
(HFD-induced) Chrysin 100 mg/kg/day/oral

gavage/8 weeks

Control, HFD-obese,
chrysin, swimming,

combo

↓ Weight, ↓ Insulin,
↓ TNF-α, ↑ PPAR-γ,
↓ miR-27a, ↓ MDA

↓ weight gain; ↓ inflammatory
markers; strongest effects with

combined swimming.

[167] HFD-induced
obese mice

Pinocembrin (propolis
flavonoid)

20 mg/kg/day/oral
gavage/10 weeks HFD ± pinocembrin

↓ Weight, ↑ Insulin
sensitivity, ↓ adipose

inflammation

Improved metabolic outcomes;
GPR120/ERK1/2

pathway modulation.

[168] HFD-induced
obese mice

Chrysin (a flavonoid
from propolis)

60–200 mg/kg/oral
gavage/4–10 weeks

Diet-induced obesity
& inflammation

↓ Glucose, ↓ insulin,
↓ inflammation

Improved insulin sensitivity;
IKK/TBK1 pathway modulation.

[169] HFD-fed rats Chrysin (flavonoid) 100 mg/kg/day,
30 days (route NR)

Diet-induced
dyslipidemia

↓ ALT/AST/CK-MB;
↓ TC, TG, LDL, VLDL;
↓ ROS & inflammatory
genes; ↑ Nrf2 & eNOS

Antioxidant and anti-inflammatory
effects; vascular protection; possible

microbiota involvement.

[170] C57BL/6J mice Artepillin C (Brazilian
propolis component)

10 mg/kg/day/oral
administration/

28 days

Cold
exposure-induced

thermogenesis model

↑ iWAT thermogenesis,
↑ core temperature

↑ thermogenesis; beige adipocyte
markers; creatine-metabolism

pathways implicated.

[171] Diabetic mice
(HFD/STZ)

Tectochrysin
(propolis flavonoid)

10–30 mg/kg/day/
oral gavage/4 weeks

Type 2 diabetes model
(diet + STZ)

↓ Glucose, improved
lipid profile

Improved insulin sensitivity;
AMPK activation.

[172] Ethanol-fed mice Galangin
(propolis flavonoid)

50 mg/kg/day/oral
gavage/14 days

Alcohol-induced gut
barrier damage

↑ Gut barrier, ↓ IL-1β,
↑ SCFAs

↓ NLRP3 inflammasome activation;
improved gut barrier markers.

[173] C57BL/6 mice CAPE (from propolis) 75 mg/kg/day/oral
gavage/8 weeks HFD-induced NAFLD

↓ Bile acids, ↑ FXR,
↑ GLP-1, improved liver

histology

Microbiota–FXR axis modulation;
ceramide-related

pathways implicated.
Arrows indicate the direction of change compared with control groups (↑ increase, ↓ decrease). Mechanistic terms reflect pathways and biomarkers reported in the original studies.
Abbreviations: HFD, high-fat diet; STZ, streptozotocin; iWAT, inguinal white adipose tissue; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG,
triglycerides; LDL, low-density lipoprotein cholesterol; CK-MB, creatine kinase-MB; MDA, malondialdehyde; TNF-α, tumor necrosis factor-α; SCFAs, short-chain fatty acids; FXR,
farnesoid X receptor; GLP-1, glucagon-like peptide-1; AMPK, AMP-activated protein kinase; NLRP3, NOD-like receptor pyrin domain-containing protein 3; eNOS, endothelial nitric
oxide synthase.
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Figure 5. Evidence-level graphical summary of propolis effects across mechanistic, preclinical, and clinical studies. The schematic was conceptualized and designed
by the authors using Inkscape (version 1.4.3). Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BW, body
weight; CRP, C-reactive protein; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; IL-6, interleukin-6; IR, insulin resistance;
LDL, low-density lipoprotein; MDA, malondialdehyde; NAFLD, non-alcoholic fatty liver disease; RCT, randomized controlled trial; SOD, superoxide dismutase;
TAC, total antioxidant capacity; TC, total cholesterol; TG, triglycerides; TNF-α, tumor necrosis factor-α.
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Current clinical findings suggest that propolis may be associated with changes in
selected obesity-related parameters, including fat mass, body weight, and systemic inflam-
mation [62,174,179,181]. A dose–response meta-analysis pooling 24 randomized controlled
trials reported significant improvements in liver enzyme profiles with daily supplemen-
tation ranging from 100 to 1500 mg, although effects on body weight, body mass index
(BMI), and adiposity were inconsistent [175]. A short-term trial in centrally obese adults
found that 14 days of combined Trigona honey at 105 mg per day and propolis at 60 mg per
day lowered serum leptin concentrations, suggesting favorable modulation of adipokine
signaling [181]. Overall, the variability in observed outcomes appears to depend on factors
such as dose, intervention duration, population characteristics, and extract type.

Taken together, the available clinical literature suggests that propolis supplementation
may be associated with modest changes in selected obesity-related biomarkers (e.g., leptin
and inflammatory mediators), whereas effects on body weight, BMI, and adiposity are
not consistently observed across trials. In preclinical models, reductions in weight gain
and fat accumulation are reported more frequently, often alongside improvements in lipid
metabolism and inflammatory profiles; however, these findings should be interpreted
cautiously due to differences in experimental design and dosing relative to humans. Im-
portantly, cross-study comparison is limited by heterogeneity in propolis type, extraction
procedures, and chemical standardization, as well as variability in intervention duration
and population characteristics. Many clinical trials are also relatively short and may not
be sufficiently powered for anthropometric outcomes, and dietary control is often lim-
ited. Therefore, current evidence does not support firm conclusions regarding weight-loss
efficacy, but it does indicate a potential adjunctive role for propolis in metabolic and
inflammatory modulation within obesity-related contexts.

5.2. Diabetes Mellitus

Diabetes mellitus is a progressive metabolic disorder characterized by chronic hyper-
glycemia due to impaired insulin secretion, insulin action, or both. As its global prevalence
continues to rise, there is growing interest in safe and effective complementary strategies
for glycemic regulation and the prevention of diabetes-related complications [182]. Clinical
and preclinical evidence suggests that propolis may exert beneficial metabolic effects in
diabetes through its antioxidant, metabolic, and immunomodulatory effects [183–189].

Cell-based studies reveal direct molecular mechanisms. Ethanolic propolis extracts
strongly inhibited α-amylase, with an IC50 of 0.62 µg/mL, and α-glucosidase, with an IC50

of 40.40 µg/mL, and these effects varied depending on solvent and formulation [67,190].
These inhibitory activities persisted after simulated gastrointestinal digestion. In addition,
propolis activated PPAR-γ in adipocytes, stimulated adiponectin secretion, and counter-
acted TNF-α-induced insulin resistance [191].

Animal studies provide mechanistic insight into these effects. In diabetic rodents,
oral administration of propolis at doses between 200 and 300 mg per kilogram for one
to ten weeks improved fasting glucose, lipid profiles, and antioxidant enzyme activity,
including SOD, catalase, and GPx, while alleviating oxidative tissue damage [185]. Daily
treatment with Turkish propolis water extract at 250 mg per kilogram for thirty-five days
improved glycemia, HbA1c, lipid metabolism, and pancreatic and hepatic histology in STZ-
induced rats [192]. In a type 1 diabetes model, Iranian propolis at doses of 100 to 200 mg
per kilogram for six weeks reversed hyperglycemia, renal hypertrophy, and oxidative
stress [188]. Taiwanese green propolis administered at 183.9 or 919.5 mg per kilogram for
eight weeks preserved β-cell function and upregulated hepatic lipid metabolism genes
such as PPAR-α and CYP7A1 [184]. Moroccan propolis at daily doses between 50 and
100 mg per kilogram for fifteen days improved glycemia, lipid profiles, and organ function,
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sometimes outperforming glibenclamide [193]. In ob/ob mice, intraperitoneal injection
of Brazilian propolis at 100 mg per kilogram twice weekly for twelve weeks improved
glycemia, cholesterol, insulin sensitivity, and immune balance in adipose tissue [194]. By
contrast, short-term low-dose regimens of 10 or 90 mg per kilogram per day for seven
days produced no significant effects, underscoring the importance of sufficient dose and
duration [165].

Systematic reviews and meta-analyses suggest that propolis may represent a potential
adjunct for glycemic control. Across animal studies, propolis was typically administered in
doses ranging from 100 to 300 mg per kilogram of body weight, while human trials generally
used daily doses of around 250 mg over periods of two to twelve weeks. Supplementation
at these levels has been associated with significant reductions in fasting glucose and HbA1c,
though effects on insulin and HOMA-IR have been more variable [91,189,190,192–199].

Clinical trials provide evidence for dose- and duration-dependent effects of propolis
on glycemic regulation and oxidative stress. In patients with type 2 diabetes, daily sup-
plementation with 1500 mg of Iranian propolis for eight weeks lowered fasting glucose,
HOMA-IR, IL-6, and IL-17 while improving insulin sensitivity markers such as HOMA-B
and QUICKI [197]. In individuals with insulin resistance, twelve weeks of standardized
poplar propolis at 900 mg per day enhanced insulin sensitivity [198]. Supplementation
with 1500 mg per day for eight weeks also improved total antioxidant capacity, SOD, and
GPx levels, alongside reductions in fasting glucose, two-hour postprandial glucose, insulin,
and HbA1c [183]. An eighteen-week intervention with 900 mg per day of Chinese propolis
improved oxidative stress markers without significantly altering glycemic indices [186].
While these findings are promising, variability in sample sizes, intervention durations, and
extract compositions across trials introduces methodological heterogeneity that should be
considered when interpreting clinical evidence.

Overall, the literature indicates that propolis supplementation may contribute to im-
provements in glycemic indices in some clinical settings, particularly in type 2 diabetes,
where reductions in fasting glucose and HbA1c have been reported in several trials and
meta-analyses. These findings are often accompanied by favorable changes in oxidative
stress markers and inflammatory mediators, which are consistent with mechanistic evidence
from animal and cell-based studies. Nevertheless, the clinical evidence base remains het-
erogeneous, with variability in extract composition, polyphenol content, baseline glycemic
control, and concurrent medication use, all of which may influence observed outcomes.
In addition, intervention duration is frequently limited, and long-term sustainability of
effects is uncertain. Accordingly, while the current evidence supports further investigation
of propolis as a complementary approach in diabetes, well-powered randomized trials
using chemically standardized preparations and clinically meaningful endpoints are still
required before robust conclusions can be drawn.

5.3. Metabolic Syndrome

Recent research suggests that propolis may have potential as a complementary ap-
proach in metabolic syndrome, acting through multiple pathways that involve inflamma-
tion, lipid metabolism, insulin signaling, and gut microbiota regulation. These biological
effects provide a mechanistic foundation for its potential clinical impact.

At the molecular level, in vitro assays demonstrated that Zuccagnia-type Argen-
tine propolis strongly inhibited α-glucosidase, α-amylase, and lipase enzymes (IC50:
7–48 µg/mL) while exhibiting pronounced antioxidant activity [200]. These molecular
effects complement the clinical and preclinical findings, reinforcing the multi-targeted
actions of propolis on core mechanisms underlying metabolic syndrome.
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Studies in animal models have helped clarify how different types of propolis influence
key features of metabolic syndrome. In obese mice, daily intraperitoneal injections of
artepillin C from Brazilian green propolis, given at 10 to 20 mg per kilogram of body weight
for five weeks, lowered fasting glucose, improved insulin sensitivity, and reduced circulat-
ing lipids by interfering with the CREB/CRTC2 signaling complex [201]. A structurally
optimized derivative, referred to as A57, produced even stronger metabolic improve-
ments [201]. Additional work in C57BL/6 mice fed a high-fat diet showed that nine weeks
of Chinese propolis supplementation at 150 to 300 mg per kilogram moderated body weight
gain, reduced hepatic steatosis, and normalized gut microbial composition through changes
in the expression of genes such as PGC1, SREBP1/2, and PPARα/γ [147]. In another model,
Taiwanese green propolis provided at 65 to 150 mg per kilogram for twelve weeks enhanced
glucose tolerance, improved insulin sensitivity, and increased microbial diversity [124].
Taken together, these studies suggest that the metabolic impact of propolis depends not
only on dosage and treatment length but also on differences in the flavonoid composition
of regional propolis varieties.

A systematic review and meta-analysis showed that taking between 250 and 900 mg
of propolis per day for periods of six to twelve weeks lowered total cholesterol, LDL
cholesterol, and triglyceride levels in people with metabolic syndrome or related metabolic
disturbances, suggesting that short-term supplementation may be associated with improve-
ments in lipid profiles [202]. In a randomized controlled trial conducted in Iran, participants
who received 900 mg of propolis daily—divided into two doses of 450 mg before lunch and
dinner—for twelve weeks experienced reductions in fasting glucose, triglycerides, body
weight, and waist circumference. The benefits were more pronounced among individuals
who also adhered to the MIND diet [203]. Another double-blind, placebo-controlled study
using a daily dose of 500 mg over the same duration found decreases in waist circum-
ference and improvements in quality of life measures such as physical function, but no
significant effects on blood lipids or glucose levels [204]. While some trials reported broad
metabolic and anthropometric improvements, others observed more limited changes. Such
differences are likely influenced by variations in baseline metabolic status, population
characteristics, and the length of the intervention.

Collectively, available studies suggest that propolis supplementation may be associ-
ated with improvements in selected metabolic syndrome-related parameters, most notably
triglycerides and waist circumference, although findings are not uniform across trials.
Evidence from animal models supports biological plausibility through reported effects
on hepatic lipid handling, insulin sensitivity, inflammatory signaling, and gut microbiota
composition. However, clinical studies remain limited in number and vary substantially in
baseline metabolic status, dietary patterns, and co-interventions, which may partly explain
inconsistent outcomes. Furthermore, differences in propolis type and standardization
complicate the generalization of results. Therefore, while propolis may represent a promis-
ing adjunct in metabolic syndrome, further standardized and adequately powered trials
aligned with established diagnostic criteria are necessary to clarify its clinical relevance.

5.4. Non-Alcoholic Fatty Liver Disease

NAFLD, recently termed MASLD, is strongly associated with central obesity, insulin
resistance or type 2 diabetes, hypertension, and dyslipidemia. Its pathogenesis is largely
driven by oxidative stress and chronic inflammation [205]. Propolis is increasingly being
investigated for its potential to support liver health through antioxidant, anti-inflammatory,
and metabolic regulatory actions. In recent years, both experimental and clinical studies
have examined its effects on hepatic lipid accumulation, inflammation, and oxidative stress
in NAFLD [206–210].
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At the cellular level, in vitro studies provide additional insight into the hepatopro-
tective mechanisms of propolis. Kaempferol reduced intracellular triglycerides, total
cholesterol, TNF-α, and IL-6 in oleic acid-stimulated HepG2 cells. In high-fat diet-fed
rats, administration of 50 or 200 mg/kg/day for 16 weeks improved hepatic lipid profiles,
enhanced antioxidant defenses (T-SOD and GSH), and reduced inflammatory cytokine
expression, demonstrating dose-dependent effects [208]. Another study found that pretreat-
ing HepG2 and L02 hepatocytes with 25–100 µg/mL of Chinese propolis for 24 h protected
against palmitic acid-induced oxidative stress and apoptosis by enhancing antioxidant
enzymes (SOD, Nrf2, HO-1), restoring ATP levels, and suppressing TNF-α and IL-8 [207].
Together, these cellular, animal, and clinical findings provide a coherent mechanistic frame-
work suggesting a potential role of propolis in NAFLD-related metabolic pathways.

These clinical observations are supported by mechanistic evidence from animal stud-
ies. In NAFLD-induced rats, oral administration of 100–200 mg/kg of propolis for two
weeks improved serum lipid profiles, lowered ALT and ALP, suppressed pro-inflammatory
cytokines such as IL-6 and TNF-α, and enhanced antioxidant capacity, as shown by de-
creased MDA and increased SH group levels. Histological analyses confirmed attenuation
of liver injury [211]. Similar outcomes were observed in NASH mice fed a methionine–
choline-deficient diet, where daily supplementation with 100 or 300 mg/kg of Brazilian
propolis for eight weeks reduced ALT levels, improved liver histology, and suppressed
ER stress-related gene expression [212]. These findings demonstrate that propolis and its
bioactive components can influence multiple pathways relevant to NAFLD pathogenesis.

Although the number of clinical trials is limited, early findings provide preliminary
evidence suggesting a potential supportive role of propolis in NAFLD. In a randomized,
double-blind, placebo-controlled trial, daily supplementation with 1500 mg of Iranian
propolis for eight weeks, combined with a calorie-restricted diet, prevented a decline in
serum glutathione peroxidase but did not significantly affect other oxidative stress markers,
body composition, or dietary antioxidant intake [209]. Another trial reported that daily
supplementation with 450 mg of propolis for eight weeks significantly reduced ALT levels
and improved hepatic steatosis, suggesting hepatoprotective effects through antioxidant
and anti-inflammatory mechanisms [213]. Overall, these findings, though preliminary,
indicate that propolis may offer supportive benefits in NAFLD treatment. Differences in
sample size, intervention duration, and baseline metabolic status should be considered
when interpreting these results.

In NAFLD/MASLD, early clinical trials suggest that propolis supplementation may
be associated with improvements in liver enzymes and selected oxidative stress markers,
while preclinical studies provide mechanistic support through modulation of inflammatory
signaling, oxidative pathways, and ER stress responses. However, the clinical evidence
remains preliminary, as trials are few, typically short in duration, and largely rely on
biochemical outcomes rather than imaging- or histology-based endpoints. In addition,
dietary restriction is frequently implemented concurrently, making it difficult to determine
the independent contribution of propolis. Differences in baseline disease severity and
propolis standardization further limit comparability across studies. Thus, although the
current literature supports biological plausibility, more rigorous randomized trials with
standardized preparations and clinically meaningful liver outcomes are required before
definitive conclusions can be made.
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6. Conclusions
The current literature highlights propolis as a natural bioactive substance with multi-

faceted biological activity and a potential supportive role in obesity and related metabolic
disorders. Evidence from in vivo and in vitro studies suggests that its effects may be medi-
ated through several key pathways, including reductions in oxidative stress and chronic
inflammation, regulation of adipogenesis and lipid metabolism, and modulation of the gut
microbiota. These mechanisms may contribute to improvements in markers of glycaemic
control, lipid metabolism, inflammatory mediators, and liver-related outcomes in some
settings. Mechanistic support is largely derived from in vitro and animal models, whereas
human RCTs have mainly reported changes in surrogate metabolic biomarkers rather than
consistent reductions in body weight or fat mass. However, outcomes related to body
weight, body mass index, and overall fat mass have been variable across studies. Therefore,
current evidence should be interpreted primarily as indicative of metabolic biomarker mod-
ulation rather than confirmed anti-obesity efficacy. Interpretation is further constrained by
substantial heterogeneity in propolis origin, extraction method, chemical standardization,
dosing regimens, and trial populations, underscoring the need for more rigorously de-
signed clinical trials in obesity. Future obesity-focused RCTs should prioritize standardized
preparations with defined polyphenol profiles, prespecified primary endpoints, adequate
dietary control, and longer follow-up to clarify dose–response relationships and safety. The
limited consistency of anthropometric outcomes underscores the need for adequately pow-
ered, long-term randomized controlled trials with standardized propolis preparations. As
a scoping review, the primary objective was to map and synthesize the breadth of available
mechanistic and clinical evidence rather than to provide a quantitative effect estimate.

However, the clinical evidence remains preliminary and heterogeneous, and several
barriers still limit the translation of propolis into clinical practice. In particular, propolis
preparations differ widely across studies with respect to botanical origin, geographic
region, bee species, and extraction technique, resulting in substantial variability in chemical
composition and bioactive content. As a consequence, comparability between trials is
limited and dose–response interpretation remains challenging. Evidence for dose–response
relationships remains limited in human obesity-focused trials, as most RCTs tested a single
dose using heterogeneous preparations; however, preclinical studies and dose–response
meta-analytic evidence suggest that certain metabolic endpoints (e.g., liver enzymes and
glycaemic outcomes) may improve across a broad intake range. Moreover, most available
clinical studies have been small and short in duration, frequently relying on surrogate
metabolic biomarkers rather than robust adiposity endpoints. Collectively, these issues
restrict the strength of inference and underscore the need for standardized, chemically
characterized preparations in future clinical research.

Future clinical research should focus on standardized, chemically characterized propo-
lis extracts. Larger and longer trials with clear metabolic endpoints are needed to confirm
efficacy and safety. In particular, dose–response designs, robust adiposity measurements
(e.g., visceral fat and body composition), and adequate dietary control will be essential
to reduce heterogeneity and improve interpretability. Integrating phytochemical, clinical,
and microbiota-focused approaches will help clarify mechanisms. Overall, propolis may
have potential as a complementary strategy supporting metabolic health in obesity and
related metabolic disorders, but well-designed and harmonized studies are essential to
translate this promise into clinical practice, and current findings do not yet justify firm
clinical recommendations.

Nevertheless, these findings should be interpreted in light of several limitations. As
this work was conducted as a scoping review aiming to map the breadth of available
evidence, it was not designed to provide quantitative effect estimates; therefore, a formal
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risk-of-bias assessment and meta-analysis were not performed. Furthermore, the included
studies were highly heterogeneous in terms of design (in vitro, animal, and human studies),
outcome measures, and reporting quality, which limits direct comparability and precludes
strong causal inferences. Moreover, in a proportion of the included studies, key method-
ological details—such as extract characterization, polyphenol content, and intervention
adherence—were insufficiently reported, which may have contributed to inconsistent find-
ings across settings. Importantly, the overall safety profile of propolis cannot be generalized
across preparations. Although most short-term clinical trials have reported good tolera-
bility, adverse effects may occur, particularly in individuals with bee product allergies or
atopic predisposition. Moreover, extraction solvent and formulation may influence both
bioactive composition and safety outcomes, and isolated reports of hepatotoxicity—most
often linked to ethanol-based extracts or concentrated products—warrant caution. There-
fore, the current evidence base remains insufficient to support firm conclusions regarding
long-term safety in humans. Long-term randomized safety data specifically in obesity
populations remain unavailable, and future trials should incorporate systematic adverse-
event monitoring and standardized safety reporting. Finally, the available human evidence
remains limited with respect to long-term follow-up and safety reporting; thus, potential
adverse events, particularly allergic reactions and hypersensitivity responses, should be
carefully considered when interpreting clinical relevance.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu18050826/s1, Table S1: Detailed Electronic Search Strategy;
Supplementary Material S2: Completed PRISMA-ScR Checklist.
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