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 Abstract     
Background: Leishmaniasis, as a neglected health issue, 
is spreading in most parts of the world. It is one of the most 
important vector-borne diseases in Iran. Bee venom has shown 
a wide range of medicinal properties. The present study aimed 
to survey the effect of venom and propolis of Apis mellifera on 
Leishmania major in different environments, including in vivo 
and in vitro.
Methods: In this experimental study, bee venom was extracted 
using the modified Benton method, and propolis was prepared 
by the soxhletation method. The promastigotes of L. major were 
exposed to the different doses of the venom (0.03125-1 µg/ml) and 
propolis (2.5-80 µg/ml) and then evaluated by MTT assay and 
Flowcytometry after 24 hours. In vivo phases, 107 promastigotes 
of the L. major in stationary phase were intradermally inoculated 
into 48 mice based on the study design. After appearance of 
the wounds, the mice were topically treated with the lotion 
containing different doses (5 and 10 µg/ml) of the venom and 
propolis. The size of the ulcers was measured for four weeks.
Results: The results showed that propolis and BV had no 
significant effects on the vitality of Leishmania promastigotes. 
However, they had a high mortality effect on macrophages. The 
highest mortality belonged to propolis (78.39 %). In vivo results 
showed significant differences between some treated and control 
groups in terms of the mean ulcer size. 
Conclusion: It seems that a combination of honeybee venom and 
propolis in a particular dosage can prevent the development of the 
ulcers caused by L. major. More studies are needed to evaluate 
the effects of their constituent compounds precisely.
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Introduction

Leishmaniasis is one of the infectious diseases that has 
been severely neglected, despite its high prevalence in 
some countries.1 Leishmaniasis, caused by different 
species of Leishmania, is the leading health problem in 

some tropical and sub-tropical countries. 
This zoonotic disease has different clinical 

forms, including Cutaneous, Mucocutaneous, and 
Visceral.2 Cutaneous leishmaniasis is one of the 
most common parasitic diseases among humans and 
animals. Cutaneous leishmaniasis causes skin lesions 
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that remain in some cases for more than a year and, 
despite treatment, usually causes scars that remain 
on the body until the end of the life.3 Also, secondary 
bacterial and fungal infections, including surface and 
deep tissue infections, abscesses, septicemia, and 
even tetanus in the ulcer can lead to an inability or 
even patient death. Although the incidence of these 
complications is negligible, due to the widespread 
prevalence of leishmaniasis, the number of patients 
with these complications is significant.2, 4, 5 Given 
the importance of leishmaniasis in the world, it is 
essential to find out different methods of prevention 
and treatment. Several therapeutic methods have been 
proposed for the treatment of cutaneous leishmaniasis. 
Their purposes are to prevent secondary infection of 
the wounds, reduce the side effects, prevent the scars, 
and improve the wound healing process. Today, many 
treatments are used in leishmaniasis, but, because of 
their complications and the onset of drug resistance, 
the attention of researchers has focused on therapeutic 
compounds with natural origins.6

Apis mellifera is one of the most beneficial insects, 
the products of which have been used by humans for 
a long time.7 Honeybee has a critical role in plant 
pollination and is also the source of some valuable 
services by producing materials such as honey, royal 
jelly, propolis, poison, etc.8 In pharmaceutical and 
many other industries, honeybee products are used 
and formulated to treat some diseases.9

Bee Venom (BV) is a colorless, acidic liquid with a 
pH of 4.5-5.5, deactivated by ethanol. Proteins (such as 
the phospholipase A2 enzyme) and peptides (such as 
melittin and apamin) constitute the main portion of the 
bee venom.9 The active part of the venom is composed 
of several proteins that have anti-inflammatory and 
anticoagulant effects and have been considered 
in medical, pharmacological, and pharmaceutical 
industries.10 Bee venom has analgesic, anti-
inflammatory, and anti-cancer effects. Various studies 
around the world have been done on the therapeutic 
effects of honey bee venom for the treatment of 
certain diseases, including rheumatoid arthritis, 
Lyme disease, cancer, osteoarthritis, HIV, multiple 
sclerosis (MS), Parkinson’s disease, blood pressure, 
and skin diseases such as eczema.8, 9 Moreover, some 
researchers investigated the anti-leishmanial activities 
of propolis in different parts of the world.6, 11-17 The 
present study investigated the therapeutic effects of 
local honey bee venom and propolis in combination 
form on cutaneous leishmaniasis for the first time in 
Iran.

Methods

Venom Preparation 
The bee venom was extracted by Benton et al.’s 

method with a slight modification using a modified 

electro-shock collecting apparatus with a cooling 
system.18, 19 The beehives of the suburban areas of 
Shiraz city (the capital of the Fars Province) were 
used for BV collecting. When the device was fixed 
on the Beehive, wires were connected to the electricity 
supply, and a gentle shock was given to the bees for 10 
seconds; then, the flow stopped for 20 seconds. The 
bees were stimulated electrically, and they started to 
sting the glass wall. Poisons were immediately dried 
in a cooling system, and then extracted powders were 
collected. By maintaining the cold chain, the collected 
venoms were quickly transferred to the laboratory for 
further studies. 

Propolis Preparation
Propolis was collected by scraping and wire 

meshing the beehives floor and their walls in the 
spring season in Shiraz city. The hydroalcoholic 
extract was prepared by adding 50g of the propolis 
into the soxhlet cartouche set containing 600ml of 
alcohol and distilled water (80: 20 ratios). The extract 
was provided using a soxhlet extractor, and each step 
of soxhletation was elongated for approximately 6 
hours. The extraction was concentrated with a rotary 
evaporator apparatus and then dried by speed vacuum 
for 48 hours. The extract was maintained in a dark 
bottle at the 2-8ºC condition. 

The Effects of Honey Bee Venom and Propolis on 
Leishmania Promastigote using MTT Assay under 
in-Vitro Conditions

The cytotoxicity was evaluated using MTT assay 
according to a procedure adapted from the ISO10993-5 
standard test method.20 The assays were performed 
in triplicate. 105 Leishmania promastigotes were 
incubated in microplate wells containing 180µl of 
different concentrations of honey bee venom (0.03125, 
0.625. 0.125, 0.25 and 1 µg/ml) and propolis (2.5, 5. 10, 
20, 40, 80 µg/ml) in the culture medium (RPMI 1640), 
10% (v/v) fetal bovine serum (FBS-Serum, Germany), 
100 U/ml penicillin, and 100μg/ml streptomycin 
for 24, 48 and 72 hours, and 25 °C. Next, 20μl of 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) solution (0.5 mg/ml [Sigma®, 
USA]) was added in each well and incubated for 4 h. 
Finally, to solubilize the formed formazan crystals, 
the medium was replaced with 200μl of DMSO and 
agitated on a plate shaker. The optical density (OD) 
of each well was read at 540 and 720 nm using an 
ELISA reader. The viability percentage was calculated 
concerning the control cells incubated in the absence 
of the honey bee venom and propolis. Moreover, the 
OD of each concentration of honey bee venom and 
propolis in the culture media was considered blank. 
Then, using the following formula, the percentage 
of live parasites was calculated using the following 
formulas:
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1: OD=OD540-OD720 2: (OD sample-OD blank)×100/(OD 
control–OD blank) 

The Effect of Honey Bee Venom and Propolis on 
Leishmania by Flow Cytometry (FCM) Under in-Vitro 
Conditions

2×105 Leishmania promastigotes were cultured in 
the media culture (RPMI 1640) containing different 
concentrations of honey bee venom and propolis (1, 2, 
4, 8, 16, 32, 64, 128, and 256 μg / ml) for 24, 48, and 
72 hours in 25 °C. Moreover, the promastigotes were 
exposed to tubes which included 70% alcohol as the 
positive control and PBS as the negative control. Then, 
the specimens were exposed to Propidium Iodide (PI) 
stain at a concentration of 50μg/ml for 30 minutes 
in dark conditions. PI staining detects the cell death 
and pre-determined death (Apoptosis) by means of 
the dye entering the cells, along with changes in the 
target cell membrane and DNA damage. The samples 
were then transferred to flow cytometry tubes. The 
cell suspension was transferred into polystyrene 
flowcytometry tubes (BD Falcon Company, USA). 
We performed data collection and analysis with a 
FACS Calibur flow cytometer (Becton-Dickinson, 
San Jose, USA) and Cell Quest Pro software. A total 
of 1000 event was acquired in the region that had 
been previously established as corresponding to the 
parasites.21

Macrophages Culture
Mouse macrophages (J774 cell line) were provided 

from the Immunology Department of Shiraz University 

of Medical Sciences and also cultured in DMEM, as 
well as RPMI 1640 medium containing 10-20% of 
FCS, streptomycin (100 IU/ ml), and penicillin (100 
IU/ ml) in the incubator 37 °C containing 5% carbon 
dioxide under sterilized conditions.

Cytotoxicity Effect of Honey Bee Venom and Propolis 
on Macrophage 

5×103 of the macrophages were added to each 
96-well plate containing RPMI 1640, FCS 10%, 10 unit 
penicillin, and 10 mg streptomycin /mL and incubated 
at 37°C and 5% CO2. The cells were exposed to several 
concentrations mentioned above the honey bee venom 
and propolis for 24, 48, and 72 hours. The percentage 
of the live cells was measured by flow cytometry, as 
described above.

Experimental Animal Model 
Sixty female BALB/c mice weighing between 18 

and 22 grams, aged between 4 and 5 weeks, were 
prepared from the Pasteur Institute of Iran. The 
animals were kept for a week in the animal’s house 
to adapt to the condition and then tested.

Inoculation of the Parasite to the BALB/c Mice
After disinfection of the mouse tail base with %70 

ethanol, we intradermally inoculated 10 7 stationary-
phase promastigotes of L. major into the tail base of 
48 BALB/c female mice. After two weeks, the effects 
of skin lesions appeared in the form of a nodule, and 
after the end of the fourth week, the wounds in mouse 
tails in different sizes were created (Figure 1). 

Figure 1: In vivo studies on BALB/c mice; (a) Injection of the parasite into the base of the mouse tail, (b) Measuring the area of ulcers 
created by the Leishmania major, using caliper, (c) Appearance of the ulcer, (d) Treatment process on the ulcers
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Forty-eight mice were divided into eight groups; 
the mice in Group 1 were treated with lotion including 
10 μg/ml of propolis, Group 2 mice were treated with 
lotion including 5 μg/ml of propolis, Group 3 were 
treated with lotion including 10 μg/ml of propolis and 
venom, Group 4 were treated using lotion including 
5 μg/ml of propolis and venom, Group 5 were treated 
with lotion including 10 μg/ml of venom, Group 6 
were treated with lotion including 5 μg/ml of venom, 
Group 7 mice received PBS (Phosphate buffered 
saline) as the negative control, and Group 8 mice were 
treated using amphotericin B as the positive control. 
Also, to evaluate the side effects, we treated the two 
groups of uninfected mice with lotions, including 10 
μg/ml of propolis and venom. The wound size was 
measured with a caliper every week, and the average 
area of the wounds (in square millimeters) was used 
in the analyses. 

Data Analysis
The recorded data were analyzed using SPSS 

software version 19. One-way analysis of variance 
(ANOVA), post hoc tests (LSD), and one-way repeated 
measures ANOVA were used to analyze the results in 
vivo, and also in- vitro data analysis was performed 
using one-way ANOVA (Kruskal-Wallis test) and 
Duncan’s multiple range test.

Results

The flow cytometry results showed that the average 
concentration of propolis and venom had no significant 
effects on the vitality of parasite promastigote (Figure 2). 

However, plenty of the parasites died during 72 hours. 
This phenomenon may be partly due to the fact that the 
parasites had not been fed at this time. The result of MTT 
showed venom and propolis had no significant effects on 
Leishmania promastigote. These results were similar to 
flow cytometry. 

The propolis and honey bee venom had a high 
mortality effect on the macrophages (Figure 3). The 
highest mortality belonged to Propolis (78.39 %). 
Although the treatment groups showed a significant 
difference from the control group, no significant 
difference was observed between the three treated 
groups. 

A one-way repeated measures ANOVA was run 
on the results of In vivo assays on the mice which 
had undertaken various treatments to determine if 
they differed in the wound size during four intervals. 
The results showed that the size of the ulcer was 
not significantly different at the beginning of the 
study F(8,40=1.87, P>0.05). However, a significant 
difference was found in the size of the ulcer after one 
F(8,40=4.44, P<0.001), two F(8,40=3.23, P=0.01) and 
three F(8,40=3.23, P=0.02) weeks after the study. 

In vivo results showed that, during all the tested 
groups, the lowest average of the ulcer size belonged 
to Group 3 (10 μg/ml of propolis and venom) with an 
11.27 mm2 size area. The highest average of the wound 
size was observed in Group 7 (PBS treated group) 
with a 34.04 mm2 size area (Figure 4). In addition, 
the mean size of the ulcer was statistically assessed in 
different groups of exposure. Accordingly, significant 
differences were observed between some treated and 
the control groups (Figure 4). 

Figure 2: Flow cytometry analysis on the promastigotes of L. major. L: Negative control, P: Treated with propolis, and V: Treated with 
Bee venom.
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Discussion 

Cutaneous leishmaniasis is one of the most common 
parasitic diseases among humans and animals. 
According to the WHO reports, leishmaniasis is one of 
the infectious diseases that has been severely neglected, 
despite its high prevalence in some countries.1 Given 
the importance of leishmaniasis in Iran, it is essential to 
perform different methods of prevention and treatment. 
Several therapeutic methods have been proposed 
to treat cutaneous leishmaniasis to prevent wound 
infection, reduce the side effects, prevent scarring, and 
speed wound healing. Today, many drugs are used to 
treat leishmaniasis, but due to their complications as 
mentioned earlier, they have attracted the researchers’ 
attention to natural product (NP)-derived medicines.22 
Some of these promising NP-derived medicines are 
those extracted from insects, such as BV, scorpion 

venom, liquids secreted by cantharid beetles, and other 
compounds found in arthropods.

The present study found that the combination of 10 
μg/ml of honey bee venom (BV) and propolis could 
prevent the growth of the ulcers effectively in mice. 
This combination seems to affect the immune system 
of the mouse by decreasing the entry of macrophages 
into the position, causing less excretion of cellular fluid 
from the macrophages and low growth of parasites. 
Moreover, the in vitro results showed a high lethal 
effect of the venom on mice macrophages. It seems 
that the mild manifestation of the ulcer occurred due 
to less migration and more lethality of macrophages.

The anti-leishmanial activity of amphotericin B 
has been known since 1960.23 Mice that were treated 
by amphotericin B, as the standard antileishmanial 
drug, showed significant differences in terms of 
the average ulcer size with PBS (P=0.005), control 

Figure 3: Mortality effects of propolis and venom on macrophages using flow cytometry. Negative Control, F: Exposed to Formalin as a 
Positive Control, P: Treated with propolis during 24 hours, and V: Treated with Bee venom during 24 hours

Figure 4: Relationship between the kind of treatments and mean of scar sizes (mm 2) in vivo investigation (in control groups, all mice were 
without scars).
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+venom (P=0.01), control+propolis (P=0.014), 5 μg/
ml of propolis+venom (P=0.048), and 10 μg/ml of 
propolis+venom (P=0.046) treated groups. 

Based on the results, the therapeutic effects of bee 
venom and propolis when used together are pretty 
different from when they are used individually. It 
seems that the combination of BV and propolis at 
the dosage of 10 μg/ml is even more effective than 
amphotericin B in the tested mice. This phenomenon 
can be attributed to the possible synergistic effects of 
their constituent compounds. Several studies showed 
that BV, as an oriental medicine, could inhibit the 
growth of cancer cells without any side effects.24 The 
considerable effect of BV has been confirmed on 
immune-related disorders and cancer in the lung, liver, 
renal, prostate, breast, and cervical cancer. Melittin 
and phospholipase A2, known as BV peptides, can 
serve as valuable, novel targets in treating some types 
of cancer.25, 26

In this study, honey bee venom did not significantly 
affect the parasite’s vitality in vitro. However, Pereira 
et al. showed that melittin could decease promastigotes 
and intracellular amastigotes of Leishmania (L.) 
infantum. Furthermore, they showed that melittin 
could decrease the number of intracellular amastigotes 
due to macrophage immunomodulatory effect.27 
Also, the results of Adade et al. showed that melittin 
peptides killed the Trypanosoma cruzi parasites by 
inducing different cell death pathways.28

After drying, the BV forms a white powder and 
loses 70% of its weight (volatile matter and water). It is 
mainly prepared as a dry powder and pure dry powder 
or lyophilized. It can be reserved for five years or more 
if it is kept away from light and moisture. Bee venom 
color ranges from white to brownish-yellow, and if it 
does not retain from oxidation, some of its medical 
effects will be reduced.29

In our study, propolis alone had no significant 
effects on L. major promastigotes and prevention 
of ulcers growth in the tested mice. Conversely, 
Rebouças-Silva et al. showed that propolis extracts 
revealed a lethality effect on amastigotes and 
promastigotes of L. (V) braziliensis.6

Moreover, Brazilian propolis had a direct role in the 
Leishmania and immunomodulatory effects on murine 
macrophages. They claimed these effects could be 
associated with the presence of phenolic compounds 
(flavonoids, aromatic acids, and benzopyrene) and 
terpenes.30 In general, propolis contains polyphenols 
(flavonoids, phenolic acids, and esters), phenolic 
aldehydes, and ketones, etc.31

Propolis (bee glue) produced by honeybees 
from substances gathered from plants are used 
in the building and repairing of hives for sealing 
cracks and openings.32 The biological activity of the 
propolis sample varies due to its different geographical 

origins.32 Moreover, the chemical properties of 
propolis vary according to plant source, season, and 
cultivating conditions.33

According to a study in the United States in 2015, 
bee venom and propolis accelerate the healing of 
wounds.34 In 2008, the result of a study on wound 
healing and anti-inflammatory activities of the bee 
venom-chitosan blend films showed that both Chit-F 
and 6% BV-Chit films accelerated the wound healing 
compared to untreated rats.35

The most critical events in cutaneous leishmaniasis 
treatment are healing ulcers and inhibiting the 
secondary infection, which usually happens in this 
essential vector-borne disease.36 The production of 
an effective drug to treat leishmaniasis has several 
significant limitations, including the high price of 
drugs and the occurrence of some health issues on 
patients, such as toxicity and side effects of the used 
treatments. Another critical issue is the drug resistance 
of Leishmania parasites to these drugs.

Conclusion

Bee-venom therapy has shown promising effects in the 
treatment of various diseases. Also, given the existence 
of limited therapies for treating cutaneous Leishmaniasis 
and the resistance of the parasite to Glucantime and other 
drugs, the anti-leishmania activity of BV and propolis 
was evaluated in this research. The results showed that 
a combination of honeybee venom and propolis in a 
particular dosage could prevent ulcer development 
caused by Leishmania major. More comprehensive 
studies are needed to evaluate the effects of their 
constituent compounds specifically.
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