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ABSTRACT

Bee venom (BV), produced by the species Apis mellifera, is one of the most recognized and
widely studied natural toxins, with increasing use in integrative medicine. This venom
contains a variety of chemicals, including peptides such as melittin, apamine, adolapin, and
the peptide MCD, as well as enzymes such as phospholipase A2 (PLA2), hyaluronidase,
acid phosphomonoesterase, and lysophospholipase. Amines such as histamine, dopamine,
and norepinephrine are also present, which contribute to antimicrobial, anti-inflammatory,
immunomodulatory, and anticancer properties. Studies suggest that it has promising
pharmacological effects, especially in the treatment of inflammation. OBJECTIVE: This
study aims to investigate the therapeutic effects of bee venom in the treatment of
dermatological inflammations, exploring its potential as a natural alternative with proven
anti-inflammatory properties. METHODOLOGY: A systematic review of the literature was
carried out, focusing on primary articles and results of randomized controlled trials (RCTs)
conducted in vivo and in vitro, published between 2014 and 2024. RESULTS: In mouse
models of induced atopic dermatitis (AD), phospholipase A2 (PLA2), a BV-derived
compound, has been shown to significantly reduce skin thickness and inflammatory
cytokine levels, both in animal and human models, highlighting the importance of confirming
its clinical applicability. As a result, therapies can include everything from the topical
application of BV to the use of emollients and cosmetics with these compounds, based on
their pharmacological properties. CONCLUSION: This review evidenced the potential of
bee venom as a promising alternative in the treatment of dermatological inflammation, due
to its anti-inflammatory and immunomodulatory properties. Studies in animal models and in
vitro suggest that compounds such as melittin and phospholipase A2 (PLA2) inhibit
inflammatory mediators and relieve symptoms of atopic dermatitis and acne. In addition,
research indicates that BV can block inflammatory signaling pathways, such as NF-kB and
MAPK, reinforcing its therapeutic potential in the management of skin inflammation,
especially in topical applications.
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INTRODUCTION

The skin is the largest organ in the human body, it performs vital functions as a
protective barrier against allergens, toxins and pathogens, as well as regulating body
temperature and water and electrolyte homeostasis. When these functions are disrupted,
several dermatological diseases can arise, significantly impacting the quality of life of
affected individuals (Dinu etal., 2024).

The damage caused to the skin has as one of the reactions inflammation, a
generalized response activated by the innate and adaptive immune systems to maintain the
body's balance. Under normal conditions, this response promotes recovery from infections
and healing, however, when it does not occur in a controlled way, inflammation can lead to
immune disorders. (Lee; Bae, 2016)

It is estimated that there are about 3,000 recognized dermatological diseases. In the
United States, approximately 11.8% of the population between the ages of 1 and 74 suffer
from at least one skin disease, and 75% of Americans report concerns about conditions that
affect visible areas of the body, such as the face and neck. In Canada the prevalence rate is
28.4% and 7.05 million people are disabled in China annually. Among dermatological
inflammations, atopic dermatitis is considered one of the diseases commonly found in
approximately 20% of children worldwide and in 1% of adults (Liang etal., 2024)
(You etal, 2016).

Dermatological inflammations have a different classification, depending on several
factors such as cause and manifestation. The most frequently found in addition to atopic
dermatitis and psoriasis and acne, which causes thick, scaly plagues and inflammation of
the sebaceous glands, respectively. Other inflammations that affect the population are
contact dermatitis, caused by exposure to allergens or irritants, and urticaria, an allergic
reaction that causes red rashes and itching. These conditions vary in severity and can be
triggered by immune, environmental, or infectious factors (Dong; Read; Shi, 2024)
(Ashbaugh; Abel; Murase, 2021; Lauritano etal., 2020).

Currently, there are several drugs used in conventional medicine for skin disorders,
but a complexity arises that has several limitations, such as adverse effects or limited
penetration, so a new interest arises in discovering molecules that are effective and safe to
combat these conditions (Majtan; Bucekova; Jesenak, 2021) .

Bee venom (BV), produced by bees of the species Apis mellifera, is one of the most

widely recognized natural toxins, currently used in integrative medicine. This venom is
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composed of a wide variety of chemicals, including peptides such as melittin, apamine,
adolapine and the peptide MCD. These components, as well as enzymes such as
phospholipase A2 (PLAZ2), hyaluronidase, acid phosphomonoesterase, and
lysophospholipase, several amines (histamine, dopamine, and norepinephrine) contribute
to the biological effects of BV, including antimicrobial, anti-inflammatory, immunomodulatory,
and anticancer attributes. (Kim etal, 2017 Cui etal, 2024)

BV has promising pharmacological effects, especially in the treatment of
inflammation. Recent studies have shown that by detoxifying bee venom, it is possible to
significantly reduce its cytotoxicity and allergenicity while maintaining its potent anti-
inflammatory and antioxidant properties. Detoxification involves modifying components of
the venom, such as melittin, resulting in a significant reduction in the expression of pro-
inflammatory cytokines and the phosphorylation of IkBa, without causing damage to cells
(Lee et al., 2021) .

Melittin, the most relevant component of bee venom (representing 50% of its dry
weight), has anti-inflammatory and antiarthritic properties, activated by the inhibition of
nuclear factor kappa B (NF-kB). Melittine has also demonstrated anticancer, antibacterial,
and antiviral activities. Studies report that the PLA2 enzyme, also present in bee venom,
contributes to the improvement of skin lesions similar to those of atopic dermatitis (Kim et
al., 2019).

Due to the significant impact that skin diseases, such as atopic dermatitis, acne and
psoriasis, have on the quality of life of individuals, the aim of this study is to investigate the
therapeutic effects of apitoxin (Venom produced by the bee Apis mellifera) in the treatment
of dermatological inflammations, seeking to explore a natural alternative with proven anti-
inflammatory properties. It is intended to evaluate its effectiveness in reducing inflammation
and in this way, the study aims to contribute to the development of safer and more effective

treatments for dermatological conditions.

MATERIAL AND METHODS

The present study is a systematic review of the literature that aims to identify, select,
evaluate and synthesize the relevant evidence available in the literature on the subject. To
develop the review, the following steps were carried out: 1) elaboration of the research
question; 2) literature search; 3) selection of articles and definition of inclusion criteria; 4)

data extraction.
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The conduct of this review was based on the following research question: "Do
apitoxin and its derivatives present in the venom of the bee Apis mellifera, have anti-
inflammatory properties safe for use in dermatological inflammation?".

From the definition of the problem, inclusion and exclusion criteria were delimited
and keywords were defined. In the second stage, there was a search in the literature to
locate and select relevant studies. To identify all studies, the following databases were
used: PubMed and Scopus, it is important to emphasize that more searches were carried
out in other databases such as Web of Science, but the studies found in it had already been
selected in the databases mentioned above. The following keywords were used in
Portuguese: apitoxin, dermatological disease, inflammation, bee venom, treatment. These
descriptors were combined with the Boolean operators "AND" and "OR", to form the

search string, used in the search strategy in the databases.

Table 01. Database search strategies

Scopus (("Apitoxin" OR "Bee Venom" OR "Apitoxin") AND ("Skin Inflammation" OR
"Dermatitis" OR "Inflammatory Skin Condition" OR "Dermatological Disease")
AND ("Therapy" OR "Intervention" OR "Treatment" OR "Anti-Inflammatory

Pubmed Therapy"))

Source: Survey Data, (2024)

In the third stage, the articles were selected and the inclusion and exclusion criteria
were defined. We chose to include primary articles results of randomized clinical trials
(RCTs) conducted in vivo and in vitro; published between 2014 and 2024 with the aim of
analyzing both more recent publications and previous studies, expanding the understanding
of the relationship between the constructs; in Portuguese, English, and Spanish, which are
related to apitoxin, skin inflammation and treatment. As exclusion criteria, articles that do
not answer the guiding question, that do not deal with apitoxin and/or its derivatives in the
treatment of dermatological diseases, theses, theoretical articles, review articles, meta-
analysis, editorials, comments on articles, books and book chapters.

The extracted data were collected, combined, and summarized to draw logical
conclusions from the results of the individual studies. The synthesis considered the strength
of the evidence and whether the observed effect is consistent across studies, as well as
explanations for possible inconsistencies. After gathering, assessing the quality and
extracting the data, the conclusions were made through a narrative approach.

Carried out through a narrative approach.
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Figure 01. Search and selection of studies for inclusion in the systematic review

° Records identified by searching the
= databases:
2]
% ‘ Scopus - n =41
< PubhMFED - n =17
Duplicate articles removed
= Selected articles
N
= (o — AL . . . .
= 24 Articles rejected from reading the title
4 and abstract
I
= Rejection Criteria:
= Articles selected for reading in full cjection Lrieria.
E‘J (n = 35) Research that was not pertinent to the
= study, incomplete text, or did not
include pitoxin as an intervention.
g Articles rejected after reading in full,
g with justification
E Articles included in the qualitative (20)
synthesis
Source: Research Data, (2024).
RESULTS

The present systematic review aimed to investigate the effectiveness of bee venom
in the treatment of skin inflammation, that is, in order to provide a comprehensive review of
the evidence available in the literature to understand the potential of bee venom as a
therapeutic alternative in the management of inflammatory skin conditions. For this, based
on the use of the descriptors and databases mentioned above, a total of 69 studies were
identified, among which 46 articles were selected for analysis. 23 articles were removed
due to duplication in the databases. In addition, 11 papers were rejected due to previous
reading of the title and abstract of the text. Thus, a total of 35 articles were selected for full
reading and correlation analysis with the proposed theme. Thus, respecting the rejection
and inclusion criteria established in the research methodology, 20 studies were rejected.

Summatizing 15 articles for the qualitative synthesis of the literature review.
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Table 1: Summary of results
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The studies in this review are generally characterized as studies of variable dates,

but occurring mainly in the years 2017 and 2018. Among the studies selected for the

review, most were conducted in experimental models with mice, indicating a predominance

of animal model research to evaluate the effect and efficacy of BV. For example, Lee and

Bae (2016) evaluated the effect of melittin in topical preparations, while Shin, Choi and Bae

(2018) investigated the application of phospholipase A2 (PLA2), derived from BV to treat

skin lesions that simulate inflammatory conditions, such as atopic dermatitis induced by
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environmental chemical agents, being an experimental model widely used to evaluate
immunological and anti-inflammatory properties.

In addition to the in vivo model, a considerable additional portion used cell culture,
i.e., in vitro model. For example, Kim et al (2019) used both the in vivo model and cell
culture in order to explore the activity of melittin and unpurified venom. In addition, Kim et
al. (2021) focused on the use of the venom in airway epithelial cells (A549), which
demonstrated its potential to inhibit AKT phosphorylation, induced by IL-13. A relevant point
of such a methodology is the provision of the detailed molecular mechanism that is involved
in the therapeutic properties of BV, which allows an accurate analysis of cellular responses
of different concentrations and composition of the venom.

In addition, some studies have applied alternative methodology such as clinical trials,
which explore the use of venom in alternative medical applications, such as acupuncture,
as indicated by Cherniack and Govorushko (2018), as well as topical formulations for
patients with chronic inflammatory conditions, as demonstrated by You et al. (2016); even
by people with neurological conditions, such as Parkinson's disease, as demonstrated by
Gazerani (2021). Three studies complement the experimental models previously
mentioned, in addition to being able to expand the understanding of the effects of BV in

diversified therapeutic environments.

DISCUSSION

The analyzed research shows patterns regarding the widespread use of animal
models, especially Wistar mice and rats, to explore the therapeutic effects of bee venom
including substances present in its composition such as melittin. For example, studies such
as those by Bae et al. (2018) and Jung et al. (2017) tested in mice the effectiveness of
phospholipase A2 (PLA2), a compound derived from VA, in reducing the symptoms of
atopic dermatitis (AD), noting a considerable decrease in skin thickness and levels of
inflammatory cytokines.

On the other hand, Tender et al. (2024) conducted studies in Wistar rats, showing
that the application of melittin, followed by treatment with mini-aA-crystalline gel (MAC-
GRD), led to superior skin permeability and more effective anti-inflammatory activities
compared to conventional treatment with 1% hydrocortisone.

For Kim et al. (2019) and Kim et al. (2017) in vivo studies with mice and HaCaT cell

cultures were used to examine the effects of melittin. In both cases, there is evidence that
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melittin blocks inflammatory mediators such as NF-kB and AP-1, decreasing the production
of cytokines that favor inflammation. The research by Kim et al. (2017) also highlights the
protection against the downregulation of filaggrin, essential for the preservation of the skin
barrier, indicating that melittin may be advantageous in preventing problems in the
epidermis.

Unlike preclinical studies, there is research that seeks to apply these results to
human models. You et al. (2016) conducted a clinical study with 136 patients, analyzing an
emollient that contained BV. The research revealed a remarkable advance in clinical AD
scores, with a decrease in the EASI score and the visual analogue scale (VAS) of pruritus.
This underscores the clinical efficacy of BV-derived compounds in the treatment of
inflammatory conditions. This shift from animal to human models is crucial to confirm the
clinical applicability of the findings.

Therapies can vary greatly, ranging from the topical application of BV to the use of
products such as emollients, specifically made with these compounds based on their
pharmacological properties and studies. For example, Jung et al. (2017) focused on the
topical use of melittin, while You et al. (2016) analyzed the impacts of an EBV-enhanced
emollient. The variety of therapeutic methods reflects the constant search for treatment
techniques that are both efficient and safe, reducing possible adverse effects.

The purposes of these studies are consistent in evaluating the anti-inflammatory and
anti-allergic effects of BV. For example, Jung et al. (2017) reported a reduction in skin
lesions and inflammatory cell infiltration, whereas You et al. (2016) noted a significant
improvement in the clinical symptoms of patients. These findings underline the promising
possibility of these compounds in the control of chronic inflammatory conditions. The action
processes addressed in the surveys also offer valuable insights into the effectiveness of
treatments. Inhibition of NF-kappa B and STAT signaling pathways is often cited as a crucial
process in modulating the inflammatory response. Tender et al. (2024) proved that melittin
has the ability to block the production of pro-inflammatory chemokines and cytokines,
indicating a solid mechanism that underpins the observed anti-inflammatory effects. These
results highlight the therapeutic efficacy of melittin and BV in the treatment of inflammatory
diseases, laying a robust foundation for future clinical research.

Bee venom, in addition to being used as an intervention in the treatment of atopic
dermatitis, studies have also shown a great effectiveness of this substance in the treatment

of acne, as described by Lee; Bee (2016). The researchers investigated the anti-
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inflammatory effects of melittin treatment on heat-inactivated HaCaT cells exposed to
Propionibacterium acnes . The results showed that treatment with melittin reduced the
increase in phosphorylation of IKK, IkB, NF-kB, and p38, caused by P. acnes in HaCaT
cells. Thus, the data indicate that melittin inhibits the production of inflammatory cytokines
induced by P. acnes by blocking NF-kB and p38 MAPK signaling in these cells.

In addition to the applicability of bee venom in dermatological inflammations,
research has suggested its use in the composition of cosmetics according to the results
obtained by . Due to its anti-inflammatory, antibacterial, and healing properties, purified bee
venom can help reduce inflammation and fight infection-causing bacteria on the skin. In this
way, the use of VB in cosmetics has shown great potential based on its supposed anti-
aging and regenerative properties. The venom, composed of melittin, apamine, and
phospholipase A2, is promoted as an active ingredient that can stimulate collagen and

elastin production, helping to improve skin firmness and elasticity. Han etal (2017)

FINAL CONSIDERATIONS

The present review showed that bee venom has been shown to be a promising
alternative in the treatment of dermatological inflammations, due to its anti-inflammatory
and immunomodulatory properties. Studies in animal models and in vitro have shown that
compounds such as melittin and phospholipase A2 (PLA2) have the ability to inhibit
inflammatory mediators and reduce symptoms of conditions such as atopic dermatitis and
acne. In addition, research indicates that BV may be effective in blocking crucial signaling
pathways, such as NF-kB and MAPK, which are involved in exacerbated inflammatory
responses. These findings reinforce the therapeutic potential of BV in the management of
skin inflammation, especially in topical applications.

However, despite the promising results, there is still a need for additional studies,
especially in human models, to confirm the clinical efficacy and long-term safety of BV.
Although preliminary studies in humans, such as those by You et al. (2016), have
demonstrated significant improvements in chronic inflammatory conditions, it is essential to
ensure that risks, such as cytotoxicity and allergic reactions, are minimized. Thus, the
continuity of clinical research and the search for methods that detoxify the venom without
compromising its efficacy are fundamental steps for the validation of BV as a viable and

safe option in the treatment of dermatological inflammation.
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