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INTRODUCTION 

Apitherapy is a complementary medical technique 
rooted in the historical use of bee products to 
address various diseases worldwide (Weis et al., 
2022). While it is not employed as a standalone 
treatment, apitherapeutic applications play a crucial 
role in multidisciplinary treatment approaches 
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(Fratellone et al., 2016). The integration of 
complementary therapies with innovative methods 
holds significant importance in understanding 
disease mechanisms and exploring novel drugs and 
treatment modalities. Bee products include a variety 
of substances derived from bees and hives, such as 
bee venom, honey, propolis, royal jelly, bee bread, 
and pollen (Habryka et al., 2016). Bee venom, 
produced by glands in the abdominal cavity of bees, 
undergoes rapid crystallization upon contact with air, 
resulting in a yellow color. Honeybee venom 
comprises enzymes (such as hyaluronidase and 
phospholipase), small molecules (including 
histamine and dopamine), and proteins and 
peptides, notably melittin, apamin, and mast cell 
degranulation (Wehbe et al., 2019). Bee venom has 
historically been associated with traditional 
applications due to its anti-inflammatory, skin 
condition-relieving, and joint pain-alleviating 
biotherapeutic effects. However, since the late 19th 
century, the neuroprotective, anti-cholesterol, 
respiratory disease-treating, and antifungal 
properties of bee venom have been discovered, and 
these biotherapeutic effects continue to be actively 
researched today (Ullah et al., 2023). Modern venom 
research has enabled the discovery of venom 
components proven to be of pharmacological 
significance, paving the way for optimizing 
therapeutic strategies through the use of active 
compounds like melittin and apamin. Subsequently, 
the application scope of bee venom has expanded 
from its traditional antinociceptive effects to 
addressing degenerative diseases of the nervous 
system. This is attributed to the natural stability of 
venom enzymes and peptides as injectable solutes 
and their efficacy in reaching target tissues (Stela et 
al., 2024). 

Literature reports indicate the positive impact of bee 
venom and bee venom therapy on respiratory and 
related diseases (Choi et al., 2018). Cystic fibrosis 
(CF) is an autosomal recessive disorder stemming 
from mutations in the gene encoding the cystic 
fibrosis transmembrane regulator protein (CFTR), a 
chloride (Cl) channel in the cell membrane 
(Castellani et al., 2017). Disease incidence varies 
among ethnic groups, and despite an officially 

consanguineous marriages likely contribute to an 
underestimation (Dogru et al., 2020). The most 
prevalent mutation in the CFTR gene is F508del, 
characterized by the deletion of the 508th codon that 
encodes the amino acid phenylalanine, with a high 

(Cutting, 2015). The CFTR 
protein is present in numerous cell types, including 
airway epithelium, submucosal glands, pancreas, 
liver, sweat glands, and reproductive organs. 
Genetic defects leading to CF disrupt ion transport 
from epithelial surfaces, diminishing the ability of 
epithelial cells to secrete chloride and absorb 
sodium in response to c-AMP agonists (Fraser-Pitt 

. Consequently, the defective ion 
transport results in the failure of chloride and fluid 
secretions in respiratory epithelium, causing mucus 
to dry, impairing mucociliary clearance, and 
ultimately contributing to lung disorders observed in 
CF patients. Patients with CF commonly experience 
excessive phlegm, persistent coughing, and 
frequent lung infections due to the obstruction of 
airways by thick and sticky mucus secretion in both 
the lungs and upper respiratory system (Naehrig et 
al., 2017).  

Currently, no cure yet discovered for CF that ensures 
complete recovery. Instead, treatment aims to 
alleviate symptoms and enhance the overall quality 
of life (Graeber and Mall, 2023). Current cystic 
fibrosis treatments typically include mucolytic 
agents, bronchodilators, and anti-inflammatory 
medications. Inhaled therapies and mucolytic agents 
are frequently used to reduce mucus accumulation 
in patients' airways. Long-term antibiotic therapies 
play a crucial role in combating chronic infections; 
however, this can lead to antibiotic resistance. 
Recently developed CFTR modulators have shown 
a potential to alleviate disease symptoms by 
correcting mutation-related protein defects, 
highlighting the importance of researching targeted 
bioactive components and uncovering their potential 
(Graeber and Mall, 2023). Due to the complexity of 
CF and its varying impact on individual patients, 
seeking treatment at a specialized center for the 
disease is highly advantageous. The primary 
objectives of CF treatment include (i) Prevention and 
control of lung infections, (ii) Removal of mucus from 
the lungs, and (iii) Provision of adequate and 
balanced nutrition, with a focus on prevention and 
treatment (Allen et al., 2023).  

The inhalation of bee venom, as investigated in this 
study, could serve as a natural therapeutic method, 
providing synergistic benefits to existing treatment 
protocols by specifically targeting pathophysiological 
processes such as chronic inflammation and mucus 
accumulation. These methods may deliver localized 
therapeutic effects directly to the lungs while 
minimizing systemic toxicity. Additionally, natural 
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components offer high bioavailability and may slow 
disease progression through the inhibition of pro-
inflammatory cytokines and mucolytic effects. 
Integrating the inhalation of the bee venom volatiles 
into current treatments is also considered to reduce 
the risk of pulmonary complications by offering 
antibacterial protection, especially against resistant 
bacteria. This study aimed to explore new treatment 
potentials and discover various biotherapeutic 
products for investigation. Fresh bee venom 
samples were analyzed by SPME/GC-MS, volatile 
composition investigated and the effects on CF were 
studied by in silico methods. 

 

MATERIALS and METHODS 

Bee Venom Harvesting 

For bee venom sampling, bees of the Apis mellifera 
anatolica race, selected from a specific hive from the 

research apiary, were studied. A special hive system 
was created to collect bee venom (Figure 1). This 
system consists of different compartments; a glass 
front part has been provided for observing the bees, 
and a gap has been created at the top for the SPME 
fiber to collect volatile bioactive compounds. A glass 
plate was placed under the hive to collect bee 
venom, and bee venom secretion was ensured 
through Electrical impulses applied to the hive at 
certain intervals by the standard electrical 
stimulation method (de Graaf et al., 2021). 
Meanwhile, volatile components were adsorbed onto 
the SPME fiber conditioned and placed in the gap on 
the hive. Electrical impulse was generated with 

pauses of 3
implemented as an alternative to narrow systems 
like jars (Hasan et al., 2023), which are commonly 
used in the literature for bee venom extraction. The 
aim was to minimize the stress that bees might 
experience due to environmental conditions and to 
prevent any potential impact on the volatile 
component profile. 

Figure 1. Special hive system for bee venom volatile 
analysis 

Volatile Analysis of Bee Venom  

The bee venom HS-SPME volatile analysis was 
carried out as described with slight modifications 
(Abd El-Wahed et al., 2021). The different fibers 
selected in this study were chosen to determine the 
chemical profiles of bee venom volatiles through 
various adsorbent materials, highlighting the 
importance of using different fibers during volatile 
component analysis and their impact on the results. 
SPME fibers of StableFlexTM coated with 

carboxen/polydimethylsiloxane (CAR/PDMS, 75 

(Oakville, ON, Canada).  Bee venom was collected 
as described and SPME fibers were placed on the 
beehive.  The fibers were subsequently withdrawn 
into a needle and then sampled into the GC MS 
port. GC MS analysis was performed on a 
Shimadzu GC-2010 gas chromatogram equipped 
with Flame Ionization Detector and DB-5 column (30 
m, 0.25 mm, 0.25 mm film thickness; Supelco) 
coupled with a Shimadzu QP2010-Plus mass 
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spectrometer. The injector and the interface 

dient temperature program 
was applied for volatiles analysis. The oven 

held for 5 min, and finally 

SPME fiber was prepared for the next analysis by 

ensure complete elution of volatiles. Blank runs were 
performed during the sample analyses. The FID 

spectrometer was operated in EI mode at 70 eV, and 
the scan range was set at m/z 40 700. 

 

 

GC MS Data Processing  

The identification of volatile compounds in fresh bee 
venom involved comparing retention times and 
spectra with standards. The compounds were 
identified by comparing their relative retention times 
to a C8 C32 n-alkanes mixture and mass spectra, 
utilizing NBS75K, Wiley 7, NIST7MS search 2.0 
library data from the GC-MS system, literature data, 
and standards of the primary components. 
Additionally, the results were validated by comparing 
compound elution orders with their relative retention 
indices on a DB-5 column. All analyses were 
conducted in triplicate for consistency. 

Molecular Docking Analysis  

Structures of different target proteins were retrieved 
from the Protein Data Bank (Burley et al., 2017) and 
given in Table 1. 

 

Table 1. Proteins and other molecular docking parameters 

    
  

 
 

 
 

 
 
 

    
 
 

 
 
 

    
 
 

 
 
 

 

To prepare suitable protein targets, Amber's 
Antechamber module was utilized with Chimera v1.6 
(Pettersen et al., 2004). The docking preparation for 
the target proteins involved the following steps: (a) 
conducting energy minimization with 100 steepest 

interval of 10; (b) removal of water molecules and 
co-crystallized ligands; (c) deletion of solvent and 
non-complex ions; and (d) addition of polar hydrogen 
atoms and AM1-BCC charges. Ligand structures 
corresponding to compounds identified in all four 
plant species were obtained from the PubChem 
database (Kim et al., 2016) in (.sdf) format. 
Furthermore, the energies of all ligand structures 
were minimized, and Gasteiger charges were 
added. Subsequently, rigid molecular docking was 
performed using Chimera v1.6, employing Autodock 
Vina's scoring function. The top poses with the 
minimum binding energy for each protein were 
visualized using Discovery Studio Visualizer (Studio, 

2008).  

Pharmacophore Modeling 

Pharmacophore models were predicted using the 
LigandScout version 4.5 (Wolber et al., 2005). 
Molecular structures datasets were inputted into 
program with .sdf formats, allowing the identification 
of key pharmacophoric features such as hydrogen 
bond donors, acceptors, hydrophobic regions, and 
aromatic rings. Advanced algorithms within the 
program aligned and superimposed the ligands, 
extracting consensus pharmacophore hypotheses 
representing common structural elements essential 
for biological activity. Validation of the models 
involved assessing their ability to reproduce known 
bioactivity or predict the activity of new compounds. 

ADMET Analysis 

An ADME/T (absorption, distribution, metabolism, 
excretion, and toxicity) analysis was carried out, and 
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the results of this analysis present promising initial 
data inputs for subsequent in vitro and in vivo 
experiments. These predictions were obtained using 
both the SwissADME web tool and relevant literature 
data (Daina et al., 2017).  

Toxicity Analysis 

The LAZAR web tool was employed for the in silico 
prediction of the toxicity of volatile compounds 
presents in the bee venom (Maunz et al., 2013). The 
LAZAR web tool, an established platform for 
predictive toxicology assessments, utilizes a range 
of computational algorithms to evaluate the potential 
toxicity of chemical compounds. Input data on the 
bee venom volatile compounds were subjected to 
the LAZAR webtool's predictive models, allowing for 
the assessment of acute toxicity levels. The analysis 
focused on identifying potential toxic effects and 

elucidating the intricate relationships between the 
chemical structure of the bee venom volatile 
compounds and their predicted toxicological 
outcomes. 

 

RESULTS 

Chemical Composition of Bee Venom Volatile 
Compounds 

In this study, freshly extracted bee venom volatiles 
were analyzed by the SPME/GC-MS method, and 
the results are given in Table 2. Notably, it has been 
determined that the volatile secretions of fresh bee 
venom consist of 67 different volatile organic 
compounds. 

 

Table 2. Composition of volatiles from fresh honeybee venoms 

Volatile Compounds of Bee Venom Type of SPME fiber  

 CW/DVB CAR-
PDMS 

DVB-PDMS  

LRI 
(cal) 

LRI 
(lit) 

Compound Chemical structures of 
compounds 

% % % IM

496 495 Acetaldehyde 

 

  - a

652 653 Acetic acid 

 

-  - a

667 665 Propanoic acid     a

671 
 
 
 

670 2-Propyn-1-ol, 
acetate 

 

-  - a

870 
 

 

871 2-Methyl butyl 
acetate 

 

- -  a

884 
 
 

885 1-Butanol, 3-
methyl-, acetate 

 

- -  a,b 

911 912 Cyclobutanol 

 

 - - a

986 988 Acetic acid, 
hexyl ester 

 

- -  a
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992 991 Cyclohexane, 1-
isopropyl-1-

methyl-  

-  - a

998 1001 Octanal 

 

-  - a, b 

1007 1008 3-Carene 

 

-  - a

1037 1038 Cyclopentane, 
1-

hydroxymethyl-
1,3-dimethyl-  

-  - a

1038 
 
 
 

1039 Butanoic acid, 
3-methyl-, butyl 

ester 
 

- -  a

1052 
 
 

1051 1-Octanol 
 

- -  a,b 

1054 1055 2-Hepten-1-ol 

 

-  - a

1077 1076 Methyl 
benzoate 

 

- -  a

1101 1102 Tetrahydrofurfur
yl alcohol 

 

 - - a

1126 1127 Decane, 3,7-
Dimethyl 

 

-  - a

1136 1135 Acetic acid, 
phenylmethyl 

ester 

 

-   a

1141 1142 Menthone 

 

- -  a,b 

1144 1144 Acetic acid, 2-
ethylhexyl ester 

 

- -  a

1149 1151 Acetic acid, 
undec-2-enyl 

ester  

- -  a

1156 1157 3-Pentanol, 2,4-
dimethyl- 

 

- -  a

1158 
 
 
 

1158 Citronella 

 

- -  a
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1161 1160 4-
Methylundecan

e  

-  - a

1170 1171 Menthol 

 

- -  a,b 

1208 1208 beta -Citronellol 

 

- -  a

1220 1221 Undecane, 3,7-
dimethyl- 

 

- 0,81   a

1232 1233 trans-Geraniol 

 

- -  a

1251 1250 Undecane, 2,3-
dimethyl-  

- 0,57  - a

1274 
 
 

1275 Tridecane 

 

-  - a

1296 1297 1-Cyclohexene-
1-methanol, 4-

(1-methyl 
ethenyl)-/ Perilla 

alcohol 
 

 - - a,b 

1319 
 
 

1318 Tetradecane 

 

- 
5

- a,b 

1321 
 
 

1320 2,4-
Dimethyldodeca

ne 
 

-  - a

1355 
 
 

1354 Tridecane, 5-
methyl-  

-  - a

1362 
 
 

1363 2-
Methyltridecane  

-  -  

1366 
 

1365 Dodecane, 
2,6,10-trimethyl 

 

-   a

1383 
 

 

1384 2,4-
Dimethyldodeca

ne 
 

- -  a

1426 1427 Junipene 

 

- -  a

1431 1430 5-Isopropyl-2,4-
imidazolidinedio

ne 

 

  - a

1435 1434 4-
Dimethylamino

methylbenzylam
ine  

-  - a
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1465 
 
 

1466 Tetradecane, 2-
methyl-  

-   
 

a

1475 
 
 
 
 

1477 Germacrene-C 

 

-  - a

1479 1480 E-11(13-Methyl) 
tetradecen-1-ol 

acetate  

-  - a

1490 1489 Germacrene-A 

 

-  - a,b 

1494 1495 Crotonic acid, 
menthyl ester 

 

-  - a

1501 1502 Sulfurous acid, 
dodecyl pentyl 

ester 
 

-  - a

1534 1535 2-
Octyldodecan-

1-ol  

-  - a

1536 1537 3-Dodecanol, 
3,7,11-trimethyl 

 

- -  a

1551 1550 Diethyl 
Phthalate 

 

- -  a

1620 1620 Hexadecane 

 

-   a,b 

1634 
 

1635 Heptadecane 
 

-  - a,b 

1657 1658 Octane, 1,1'-
oxybis-  

-  - a

1661 1660 Heptadecane, 
2,6,10,15-

tetramethyl- 
 

- -  a

1745 1746 Dodecane 

 

-  - a,b 

1811 
 

1810 Octadecane 
 

-   a

1839 1840 Caffeine 

 

 - - a,b 
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1849 1847 1,2-
Benzenedicarbo
xylic acid, bis(2-

methylpropyl) 
ester 

 

- -  a

1872 1873 8-Heptadecanol 
 

-  - a

1884 1885 2-
Octyldodecan-

1-ol 
 

-  - a

1890 
 

1891 1-Nonadecene 
 

- -  a

1935 1937 1,2-
Benzenedicarbo

xylic acid, 
dibutyl ester 

 

  
- 

 a

1967 1966 2-Dodecen-1-
yl(-)succinic 
anhydride  

- -  a

2121 2122 Phytol 
 

-  - a

2156 2158 Octadecanoic 
acid  

 - - a,b 

2315 2317 1,2-
Benzenedicarbo
xylic acid, butyl 

octyl ester 
 

 - - a

2861 2863 2-
methyloctacosa

ne 
 

- -  a

a Compounds listed in order of elution from a DB-5 column. b Identification of components based on standard compounds; 
standard deviation of triplicates; significant at the p<0.05 level 

LRI (cal): Linear retention indices (DB-5 column) calculated against n-alkanes. % calculated from FID data with standard 
LRI (lit): https://pubchem. ncbi.nlm.nih.gov; IM: Identification Method 

 

In Silico Molecular Docking Results of Bee 
Venom Volatile Compounds 

The relevant ligands and analysis results were 
presented in the heatmap clustering provided in 

Figure 2. The heatmap was plotted by 
http://www.bioinformatics.com.cn/srplot, an online 
platform for data analysis and visualization.
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Figure 2. Clustered hierarchical heatmap showing quantified volatiles compounds from bee venom (The binding affinities 
provided in the chart on the right). 

 

As inferred from the results, volatile components 
exhibited high inhibitory activity against the 
MUC5AC structure. The highest binding score was -
7.4 for 1,2-Benzenedicarboxylic acid, bis(2-methyl 
propyl) ester as known as isobutyl phthalate, 
followed by -7 for crotonic acid, menthyl ester. 
Subsequently, other volatile components such as 
Junipene and Germacrene-C have been found to 
exhibit high IL-13 suppressor activities. Upon 
examining the pharmacophore analyses of both 

structures with the highest binding affinities, in 
addition to hydrophobic binding regions, the H-bond 
acceptor ends are observed in the isobutyl phthalate 
binding site (Figure 3a). On the other hand, the same 
interaction profile was observed with fewer van der 
Waals interactions for the crotonic acid, menthyl 
ester (Figure 3b). It is suggested that the direct 
influence of a high number of Van der Waals 
interactions contributes to the high binding affinity.
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Figure 3. Two-dimensional binding geometry of (a) isobutyl phthalate and (b) crotonic acid, menthyl ester 

 

In silico Toxicity Prediction Results 

levels, as analyzed by in silico methods, are 
presented in Table 3. 

While components such as junipene and 
germacrene C exhibit high levels of acute toxicity for 
both species at minimal concentrations, compounds 
like tetrahydro furfuryl alcohol and 5-Isopropyl-2,4-
imidazolidinedione demonstrate low acute toxic 
effects even at elevated concentrations. 
Consequently, it is postulated that the composition 

of these volatile components exhibits synergistically 
low or moderate acute toxic effects. Additionally, no 
mutagenic effects have been identified for any of the 
volatile components.  

ADMET Analysis 

SMILES structures were employed for the in silico
predictions of ADMET properties of certain volatile 
compounds of bee venom (see Table 4). The radar 
plots illustrating the general characteristics are 
presented in Figure 4. 

 

 



 

 Uludag Bee Journal 2024, 24 (2): 267-284 279

Table 3. In silico toxicity analysis results of some bee venom volatiles

Compounds Acute 
toxicity 

(Pimephales 
promelas) 
(mmol/L) 

Max. tolerated 
dose (Human) 
(mmol/kg/day) 

Carcinogenicity 
(Mouse) (mg/L) 

Mutagenicity 
(Salmonella 

typhimurium)

3-Carane 0.212 0.00632 non-carcinogenic non-mutagenic 

Tetrahydrofurfuryl alcohol 8.19 0.217 carcinogenic non-mutagenic 

Menthone 1.2 x x non-mutagenic 

Perilla alcohol x x non-carcinogenic non-mutagenic 

Junipene 0.00468 0.00803 carcinogenic non-mutagenic 

5-Isopropyl-2,4-
imidazolidinedione 

10.3 0.0207 x non-mutagenic 

4-
Dimethylaminomethylbenzylamine 

0.501 0.015 x non-mutagenic 

Germacrene-C 0.0452 x non-carcinogenic non-mutagenic 

Germacrene-A 0.0458 x non-carcinogenic non-mutagenic 

Crotonic acid, menthyl ester 0.223 0.0282 non-carcinogenic non-mutagenic 

Diethyl Phthalate 0.143 0.0218 carcinogenic at 
0.149 

non-mutagenic 

1,2-Benzenedicarboxylic acid, 
bis(2-methylpropyl) ester 

0.00705 0.0183 carcinogenic non-mutagenic 

1,2-Benzenedicarboxylic acid, 
dibutyl ester 

0.00359 0.0164 carcinogenic at 
0.336 

non-mutagenic 

2-Dodecen-1-yl (-) succinic 
anhydride 

0.032 0.0203 non-carcinogenic non-mutagenic 

 

Table 4. SMILES structures of the volatile compounds 

Number SMILES Structure Compound Name 

1 CC1CCC2C(C1)C2(C)C 3-Carane

2 C1CC(OC1)CO Tetrahydrofurfuryl alcohol 

3 CC1CCC(C(=O)C1)C(C)C Menthone 

4 CC(=C)C1CCC(=CC1)CO Perilla alcohol

5 CC1(CCCC2(C3C1C(C2=C)CC3)C)C Junipene 

6 CC(C)C1C(=O)NC(=O)N1 5-Isopropyl-2,4-imidazolidinedione

7 CN(C)CC1=CC=C(C=C1)CN 4-Dimethylaminomethylbenzylamine 

8 CC1=CCCC(=CC=C(CC1)C(C)C)C Germacrene-C 

9 CC1=CCCC(=CCC(CC1)C(=C)C)C Germacrene-A 

 

Using Diana's approach (Daina et al., 2017), the 
ADMET properties of certain volatile components 
have been depicted through radar plots (Figure 4). 

Most of these components exhibit high lipophilicity 
and despite a relatively low polarity profile, their 
structures demonstrate small size and non-flexible 
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behavior. Given the expected rigid nature of volatile 
components, such characteristics are within the 
norm (de Lacy Costello et al., 2014). Furthermore, 
considering a biopharmaceutical score of 0.55 for all 

components and their compliance with Lipinski's 
Rule of five, indicating their drug-like potential, it is 
plausible to assert that the volatile components of 
bee venom manifest a favorable ADMET profile. 

 

 

Figure 4. Radars to assess the general properties and bioavailability of some bee venom volatile compounds. 

 

DISCUSSION 

CF is a multifaceted disease characterized by 4 
different signaling pathways, for which a definitive 
treatment has not yet been found. Supportive 
products related to the disease are often associated 
with facilitating the dispersion of dense mucus. 
Mucins are the primary components of mucus 

produced in the airway epithelium. These are 
essentially classified as transmembrane or 
membrane-bound mucins and secreted/gel-forming 
mucins. As MUC5AC plays a significant role in the 
pathogenesis of CF, inhibiting the secretion and 
production of mucin could have a strong impact on 
the disease (Lillehoj et al., 2013; Samsuzzaman et 



 

 Uludag Bee Journal 2024, 24 (2): 267-284 281

al., 2019). On the other hand, Interleukin-13 (IL-13) 
has been included in this study due to its association 
with allergic airway inflammation in the context of CF 
(Nakamura et al., 2017). The target proteins used in 
the in silico analyses were selected within the scope 
of this study as important markers for revealing their 
inhibition potential related to the disease. On the 
other hand, the fact that these ligands selected for 
computational analyses are bee venom volatiles 
carries the potential to introduce a new approach to 
apitherapy. 

The analysis of volatile components in bee venom 
plays a significant role in determining the systematic 
mechanism of apitherapy applications and 
elucidating the processes involved. Within the setup 
established in the study, it is known that the samples 
obtained from the hive environment contain not only 
bee venom but also the volatile components of 
stimulated bees. The intricate social behavior of 
honeybees involves collective nest protection, 
executed through an effective system of chemical 
communication mediated by volatile compounds. 
Worker bees release some of the volatiles from the 
Koschevnikov gland during ala
al., 2023). The exploration of these volatiles has a 
longstanding history, initially revealing 3-methylbutyl 
acetate (isoamyl acetate) as the primary component 
inducing aggressive behavior (sting pheromone) in 
bees (Boch et al., 1962).  

Subsequent investigations into the chemical 
composition of bee venoms revealed different 
components (Simone-Finstrom et al., 2023). In an 
analysis conducted on hexane extracts of 
Koschevnikov glands, 22 organic compounds within 
the C6 C36 range were identified (Camargos et al., 
2020). While this study does not directly delve into 
the analysis of volatile components in bee venom, 
the shared constituents suggest the synergistic 
presence of compounds from bee venom, bee 
pheromones, and other volatile elements in the 
surrounding environment. Isidorov et al. utilized the 
same SPME/GC-MS methodology to investigate 
volatiles in both dry and fresh bee venom (Isidorov 
et al., 2023). Notably, there are compositional 
differences in the profiles of volatile components 
when compared to our results. This is believed to be 
attributed to factors such as geographical location, 
bee species, and the harvesting season. Another 
potential contributing factor is the presence of bee 
pheromones and bee-derived contaminations. In a 
study analyzing the volatiles of beehive air, profiles 
similar to those in our analysis were identified, 

consisting of aldehyde, acid, and hydrocarbon 
structures (Abd El-Wahed et al., 2021). Since the 
samples of bee venom were collected alongside the 
entire beehive air, it is possible to assert that the 
content of the hive's air, from which the samples 
were collected, is parallel to the samples. 

On the other hand, when focusing on the in silico
biotherapeutic effects of these components it has 
been determined that the volatile components of bee 
venom exhibit low binding affinities against CFTR 
targets, and no noteworthy inhibitor activity is 
demonstrated. It is hypothesized that the thermal 
behaviors of the protein binding region or the weak 
profile of volatile components for inhibitor behavior 
may account for this (Wang et al., 2018; Vega et al., 
2016). However, it is possible to state that there is 
an in silico activity against respiratory problems for 
some of the bee venom volatiles synergistically. The 
notion that the sample collection environment does 
not only contain volatile components of bee venom 
parallels with the content analysis of studies on bee 
pheromones found in the literature (Li et al., 2014). 
The compound 1-octanol, reported as an alarm 
pheromone for Apis mellifera species (Wang and 
Tan, 2019), has been identified in the volatile 
chemical components of a DVB-PDMS type SPME 
fiber. This is directly associated with the 
electrification applied during bee venom collection, 
inducing bees into an alarmed state and, 
consequently, leading to venom secretion. The 
semiochemicals released by bees during their usual 
activities, compounds such as Geraniol and 1-
nonadecene were also found in our study. Similarly, 
the descriptive fiber for both compounds was DVB-
PDMS (Schmitt et al., 2007).  

Additionally, crotonic acid, menthyl ester 
demonstrates high biotherapeutic activity among 
volatile components, as this observation is 
consistent with various in vitro literature studies 
(Yassin et al., 2020). When focusing on the potential 
toxicities of volatile components, no substances 
exhibiting toxic properties were found, and it is 
known that the toxic effect of bee venom mainly 
stems from its enzyme structures and melittin. 
However, this is specific to bees, and the volatile 
profiles of venoms from other organisms may exhibit 
toxicity. For example, phenol-2,4-bis (1,1 dimethyl 
ethyl) an ant venom volatile compound, display high 
acute toxicity (Nikbakhtzadeh et al., 2009), 
emphasizing the significance of approaching bee 
venom as an allergen despite the low toxicity of its 
primary volatile components. The recommendation 
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for the medical use of carcinogenic gases is not a 
new concept, besides nitric oxide, a well-known 
carcinogenic gas, is employed in various medical 
applications, including the treatment of pulmonary 
hypertension in newborns (Barnes et al., 2020). 
Fundamental considerations in the utilization of 
gases and volatile components revolve around 
concentration and dosage studies. When compared 
to Table 2, it is observed that the volatile compounds 
characterized as carcinogenic constitute a relatively 
small proportion (total 2-3%). Given the consistent 
exposure of individuals, particularly beekeepers, to 
similar profiles of compounds during the collection of 
bee venom, a crucial point emerges: the volatile 
components of bee venom do not exhibit 
carcinogenic effects synergistically, as inferred from 
their chemical composition. This observation is 
particularly pertinent when considering the 
continuous inhalation of these compounds during 
bee venom collection activities (Matysiak et al., 
2016).  

The utilization of volatile compounds associated with 
bees in respiratory processes is integratively 
acknowledged and currently implemented as a 
complementary method in clinical practices across 
various regions globally (Abd El-Wahed et al., 2021; 
Topal et al., 2021). The processes involve inhaling a 
pre-determined dosage of air by physicians, through 
an inhaler device emanating from a beehive. 
Beehives encompass a diverse array of volatile 
components, ranging from honey to propolis and bee 
pheromones, demonstrating a synergistic effect 
collectively. In line with the findings of the present 
study, the suggested inhalation of bee venom 
volatiles similarly involves administration through an 
inhaler extracted from the hive apparatus during the 
bee venom collection process. The distinction lies in 
the ambient presence solely of bee pheromones and 
bee venom volatiles. While the research adopts a 
cystic fibrosis perspective, it harbors the potential for 
general relief and positive effects in respiratory 
disorders of a similar category. 

In conclusion, our investigation into the volatile 
compounds of bee venom unveils a spectrum of 
bioactive components that exhibit promising 
potential in cystic fibrosis symptoms. Through 
SPME-GC/MS analysis, we identified 67 distinct 
volatile compounds, laying the foundation for a 
nuanced understanding of the volatile chemical 
profile of bee venom. The findings presented herein 
provide a basis for future research initiatives aimed 
at translating these discoveries into viable clinical 

applications. This study is setting the stage for 
deeper exploration and the potential of bee venom 
volatiles in shaping the future of respiratory diseases 
management. 

Acknowledgment: The authors would like to thank 

University GETAT Center Research Apiary for his 
help in the care and supply of bees, and Turan 

staff of the GETAT Center, for his 
help in the special hive design. 

Author contribution: 
Conceptualization; Data curation; Formal analysis; 
Funding acquisition; Investigation; Methodology; 
Project administration; Resources; Software; 
Supervision; Validation; Visualization; Roles/Writing 

 original draft; Writing review & editing. Sibel 
KAYMAK: Conceptualization; Formal analysis; 
Software; Validation; Visualization; original draft; 
Writing  review & editing. 
Conceptualization; Methodology; Funding 
acquisition; Supervision 

Conflict of interest: The authors declare that they 
have no known competing financial interests or 
personal relationships that could have appeared to 
influence the work reported in this paper. 

Ethical statement: No experimentation on human 
or animal subjects was involved in this study. At the 
stage of bee venom sampling from honeybees, 
ethical permission is not required for insects.

Data availability: Data will be made available on 
request. 

Declaration of competing interest: The authors 
declare that they have no known competing financial 
interests or personal relationships that could have 
appeared to influence the work reported in this 
paper. 

Funding: This research was supported by the 
of Agriculture and 

Forestry General Directorate of Agriculture 
Research and Policies (TAGEM) with Project 
number: TAGEM/21/AR-GE/25. 

 

REFERENCES 



 

 Uludag Bee Journal 2024, 24 (2): 267-284 283

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 U Bee J. 2024 (2): 267-284  284

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


