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Abstract: Influence of melittin on viability and 
integrity of cell membrane on grade IV glioma. 
The grade IV glioma is one of the malignant hu-
man tumours. Today there is no effective treat-
ment for this type of cancer. Alternative methods 
are sought-after in glioma treatment, and lately 
melittin has been found to be useful in anticancer 
therapy. The aim of the study was to investigate 
the effect of melittin on the viability and the in-
tegrity of cell membranes of the grade IV glioma 
cells. The U87 glioma line cells were treated of 
melittin in increasing concentrations (5, 10, 15, 
20 and 50 μg/mL) and incubated for 24 h. After 
incubation, the tests were performed in order to 
investigate the cell morphology, cell viability, 
membrane integrity and the way of cell death. 
The results have shown the devastating effect of 
melittin on the glioma cells. The melittin causes 
disintegration of cell membranes and induces cell 
death by apoptosis and less by necrosis.
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INTRODUCTION

Melittin is the main toxic element of the 
bee poison. It is composed of 26-amino 
acid and is an alfa-helical polypeptide 
with amphipathic character (C-end is 
hydrophilic and N-end is hydrophobic) 
(Raghuraman and Chattopadhyay 
2007). The peptide has hemolytic 

proprieties and attacks every one of 
lipid membranes (Hoskin et al. 2008). 
Effects of the polypeptide consist of the 
destruction of lipid membrane on the 
physical and chemical level (Lee et al. 
2004).

The interaction between melittin 
and lipid membranes is possible by the 
exchange of melittin conformation. Four 
alfa-helical monomers connect to each 
other and form tetramers. The form of 
tetramers inside cell membranes cre-
ates the ion channels which modify cell 
membranes permeability (Tosteson and 
Tosteson 1981). Initially, melittin mono-
mers stick parallel to the lipid membrane 
then, as tetramers, change the location 
on the perpendicular and made pores 
inside the cell membranes, leading to the 
cell death.

Melittin also activates phospholi-
pase and calmodulin by facilitat-
ing phospholipase A2 (Mollay et al. 
1974) and bonds degradation inside 
lipid membranes (Keith et al. 2010).
Traditional medicine used the melittin 
against many diseases like rheumatism, 
chronic infections, even cancer. Some 
research has shown that major element 
of the bee venom, melittin, has also anti-
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microbial activities. Many studies have 
demonstrated that melittin has strong 
anticancer activity (Gajski and Garaj-
Vrhovac 2013). The study conducted 
on the colon, gastric, lung, prostate and 
ovarian cancer cells gave satisfactory 
results (Huh et al. 2012, Jo et al. 2012, 
Park et al. 2012, Zheng et al. 2015, Kong 
et al. 2016).

Grade IV glioma is a malignant brain 
tumour which comes from glial cells 
(www.abta.org). According to World 
Health Organization (WHO), it has the 
highest grade of malice. It is the most 
common malignant brain tumour and 
also one of the most mortal human 
tumours. Most-ly, treatment of glioma 
begins with surgery, but this is a dif-
ficult and risky procedure. This tumour 
can revive from the single cells, so 
innovative therapies are needed to treat 
glioma. In 2013 published research sug-
gested that melittin may be useful in the 
anticancer treatment (Shin et al. 2013). 
Melittin as a factor perforating the cell 
membrane may cause damage to the cell 
membranes of grade IV glioma. The aim 
of the study was to investigate the effect 
of melittin on the viability and the integ-
rity of the outer cell membranes and the 
mitochondrial membranes using the cell 
line U87 as a model.

MATERIAL AND METHODS

Cell cultures
Human glioma cell line U87 and was 
obtained from the American Type Cul-
ture Collection (Manassas, VA, USA) 
and maintained in Dulbecco’s modified 
Eagle’s culture medium containing 10% 
fetal bovine serum (Life Technologies, 

Houston, TX, USA), 1% penicillin and 
streptomycin (Life Technologies) at 37°C 
in a humidified atmosphere of 5% CO2 
and 95% air in a NuAire DH Auto Flow 
CO2 Air-Jacketed Incubator (Plymouth, 
MN, USA).

Preparation of melittin
The melittin was obtained from Sigma 
Aldrich (Munich, Germany). The melit-
tin powder was solubilising in ultrapure 
water to prepare stock 1.0 mg/mL solu-
tion. The solution was diluted to different 
concentrations (5, 10, 15, 20, 50 mg/L) 
with 1× Dulbecco’s modified Eagle’s 
culture medium (Life Technologies, 
Houston, TX, USA) immediately prior 
to exposure to the cells.

Cell morphology
U87 cells were plated in six-well plates 
(1 × 105 cells per well) and incubated for 
24 h. Cells cultured in medium without 
the addition of melittin were used as the 
control. Melittin was introduced to the 
cells at increasing concentrations (5, 10, 
15, 20 and 50 μg/mL). The same proce-
dure was repeated during following tests. 
Cell morphology was recorded using an 
optical microscope (Olympus CKX4, 
Poland) at 24-hour post-exposure.

Cell viability
Cell viability was evaluated using 
PrestoBlue® Cell Viability Assay (Life 
Technologies, Taastrup, Denmark). The 
reagent added to cells, is reduced by 
metabolically active cells and turns red 
in colour, allowing a quick measure of 
viability and cytotoxicity. U87 cells were 
incubated on 96-well plates (5 × 103 cells 
per well) for 24 h. After incubation, 
the medium was removed and melittin 
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solutions (5, 10, 15, 20 and 50 μg/mL) 
were added to the wells at increasing 
concentration (90 μl per well) and the 
plates were incubated for an additional 
24 h. Cells incubated without melittin 
were used as a control group. In the next 
step, 10 μl of PrestoBlue™ Reagent 
was added directly to cells in culture 
medium and incubated for 2 h at 37°C. 
After incubation the optical density of 
each well was recorded at 570 nm on 
an enzyme-linked immunosorbent assay 
reader (Infinite M200, Tecan, Durham, 
NC, USA). Cell viability was expressed 
as the percentage (OD-test × 100%) / 
/ (OD-control, where “OD-test” is the op-
tical density of cells exposed to melittin 
and “OD-control” is the optical density 
of the control sample.

Membrane integrity
A lactic dehydrogenase (LDH) test 
(LDH-based in vitro toxicology assay 
kit, Sigma-Aldrich) was used to evalu-
ate cell membrane integrity. This test 
is based on enzymatic reactions result-
ing in a coloured product determined 
spectrophotometrically. U87 cells were 
plated in 96-well plates (5 × 103 cells 
per well) and incubated for 24 h. In the 
next step, the medium was removed and 
melittin solutions were added to the cells 
at increasing concentration. After 24 h 
of incubation, half of the volume of the 
culture medium was removed and added 
LDH assay mixture. A final volume for 
LDH assay was a 100 μl per well. The 
plate was incubated for 20 min without 
light at room temperature. The OD was 
detected as outlined and the LDH leak-
age was expressed as the percentage of 
OD using a formula: 100 – (OD-control / 
/ OD-test) × 100%.

Mitochondrial transmembrane 
potential
Mitochondrial Transmembrane Poten-
tial Apoptosis Detection Kit (Abcam,
Cambridge, UK) was used to test mito-
chondrial transmembrane potential as 
an indicator of cell death. In this test 
U87 glioma cells were plated in six-
well plates (1 × 105 cells per well) and 
incubated for 24 h. In the next step, the 
medium was removed and melittin solu-
tions were added to the cells at increas-
ing concentration and were incubated for 
24 h. Cells cultured in medium without 
the addition of melittin were used as 
the control. The cells were harvested 
and suspended in 1 ml of the diluted 
MitoCapture solution. After 20 min of 
incubation with the reagent in 37°C and 
5% CO2 mitochondrial permeability was 
analysed using fluorescence microscope 
(Olympus CKX41, Poland) 24 h after 
exposure. MitoCapture that has ag-
gregated in the mitochondria of healthy 
cells fluoresces red, MitoCapture cannot 
accumulate in mitochondria, it remains 
as a monomer in the cytoplasm, and 
fluoresces green.

Apoptosis/necrosis assay
An annexin V/PI assay (Alexa Fluor® 
488 Annexin V/Dead Cell Apoptosis 
Kit with AlexaFluor 488 Annexin V 
and propidium iodide (PI) for flow 
cytometry, Life Technologies) was per-
formed to test way of cells death. After 
24 h incubation of U87 glioma cells in 
75 ml flasks (1 × 106 cells per flask), 
the medium was removed, and melittin 
solutions were added at 20 μg/mL. After 
further 24 h incubation, the medium was 
removed and the cells were washed in 
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ice-cold PBS. Harvested cells were sus-
pended in 100 μl annexin-binding buffer 
(Invitrogen, Carlsbad, CA, USA) and 
subsequently, 5 μl of annexin V linked 
with Alexa Fluor 488 and 1 μl of PI were 
added (Invitrogen, Carlsbad, CA, USA). 
Cells were analysed using FACStrak 
(Becton-Dickinson, Germany; software 
– SimulSet), measuring the fluorescence 
emission at 530 nm and 575 using exci-
tation at 488 nm.

Statistical analysis
Data were analysed using multifactorial 
analysis of variance with Statgraphics® 
Plus 4.1 (StatPoint Technologies, War-
renton, VA, USA). The differences be-
tween groups were tested using Tukey’s 
multiple range tests. All mean values are 
presented with the standard deviation.

RESULTS AND DISCUSSION

In this study, we evaluated the influence
of melittin on the morphology, viability, 
and cell membrane integrity of glioblas-
toma cells. Additionally, apoptosis and 
necrosis were evaluated. Glioma cells 
were treated with melittin in increas-
ing concentration (5, 10, 15, 20 and
50 μg/mL). Figure 1 shows representative 
images from the optical microscope. We 
observed a significant difference between 
control group and cells treated with 15
μg/mL. After incubation with melittin U87 
glioma cells changed their morphology. 
Their protrusions were thinner in com-
parison with the control cells. Moreover, 
they collapsed similarly to ovarian cancer 
cells (Bei et al. 2015). However, they used 
lower concentration (3 μM ~ 8.5 μg/mL) 
of melittin, thus glioma cells are probably 
more resistant to bee venom influence.

Zhang et al. (2014) suggested that 
melittin has a toxic influence in higher 
concentration on cancer cells and toxicity 
is dose-dependent. Increased concentra-
tions of melittin resulted in decreased 
vitality on glioma cells. The viability
was reduced to 51.6% followed by
15 μg/mL of melittin and the lowest 
viability was observed at the concentra-
tion of 50 μg/mL, i.e. 19.5% (Fig. 2). 
However, the difference between con-
trol and treated cells was significant at
10 μg/mL. Melittin due to the ability to 
form pores in lipid membranes can perfo-
rate a cell membrane of grade IV glioma. 
Cells whose integrity of outer membrane 
was interrupted may be directed to the 
death or have reduced metabolic activity.

Previous studies proved that melittin 
inhibits proliferation of human glioma 
cells and causes cell death in high con-
centration (Yang et al. 2007). In this 
study, membrane integrity was moni-
tored by LDH assay. Melittin destabi-
lizes cell membrane functionality and 
integrity, and there were significant 
differences between melittin-treated 
groups (Fig. 3). Melittin had the high-
est toxicity at concentrations of 20 and
50 μg/mL, with membrane disintegration 
of 72 and 67% respectively. Several stud-
ies show that melittin has the ability to 
perforation of lipid membranes and our 
results are consistent with this. Melittin 
also destroys the inner cell membranes, 
especially mitochondrial (Dombrowski 
et al. 2012).

The pictures from the fluorescence 
microscope (Fig. 4) show that control 
group has a lot of active mitochondria 
what is seen as lighter areas, marked 
letter R. It corresponds to the red colour 
on the fluorescence microscope images. 
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FIGURE 1. Optical microscopy images of melittin-treated and untreated U87 glioma cells. A – control; 
B – cells treated 5 μg/mL of melittin; C – cells treated 15 μg/mL of melittin; D – cells treated 50 μg/mL 
of melittin

FIGURE 2. Effect of melittin, on the viability of U87 glioma cells. C – untreated cells, control group. 
The columns with different letters (a–d) indicate significant differences between groups (P <0.001)
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The melittin-treated cells have much 
less active mitochondria. On the Figure 
4b are noticeable mainly darker areas, 
marked letter G, corresponding to the 
green colour on the fluorescence micro-
scopy. As melittin has the ability to per-
foration of mitochondrial membranes, 
it may induce the intrinsic apoptosis 
pathway, however, the cancer cells are 
the cell type in which very rarely death 
occurs by apoptosis (Wong 2011). This 
constitutes one of the main problems in 
the design of anticancer therapy. Kong et 
al. (2016) reported that melittin induces 
apoptosis in human gastric cancer cell. Jo 
et al. (2012) proved that melittin-induced
death by apoptosis in ovarian cancer cells. 
In this study, the way of glioma cell death 
was examined by melittin. The previous 
studies showed that melittin induces 
apoptosis by intrinsic pathway (Kong et 
al. 2016). We received the similar results 
using a flow cytometer. Figure 5 shows 
results from the apoptosis assay. Melit-
tin induced apoptosis to a substantial 
degree in U87 glioma cells (60%). The 

degree of necrosis was 22% only. This is
a desirable effect because necrosis 
induces inflammation, which is not 
present during apoptosis (Stępień 2007). 
Apoptosis has two well-known path-
ways: intrinsic and extrinsic. The mecha-
nism of interactions of melittin with cell 
membrane may induce the outer pathway 
of apoptosis (LDH assay). However, 
our research shows that mitochondrial 
pathway is passible too (Fig. 4). On the 
picture from fluorescence microscope, 
the control group has a lot of active mito-
chondria what is seen as lighter areas, 
marked letter R. It corresponds to the red 
colour on the fluorescence microscope 
images. The melittin-treated cells have 
much less active mitochondria. On the 
Figure 4b are noticeable mainly darker 
areas, marked letter G, corresponding 
to the green colour on the fluorescence 
micro scopy. The mitochondrial trans-
membrane potential assay showed that 
melittin disintegrates mitochondrial 
membranes, which may indicate that 
melittin induces apoptosis by a mito-

FIGURE 3. Effect of melittin on the mortality of U87 glioma cells. C – untreated cells, control group. 
The columns with different letters (a–e) indicate significant differences between groups (P <0.001)
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FIGURE 4. Effect of melittin on the mitochondrial membranes integrity. A – control group, untreated 
cells; B – cells treated 20 μg/mL of melittin (explanations in the text)

FIGURE 5. Annexin V-Alexa Fluor® 488 and PI assay analysis. Diagrams of cells exposed to
20 μL/mL of melittin
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chondrial pathway in glioma cells, but to 
know detailed way of glioma cell death 
by melittin more tests are needed.

To sum up, melittin has a harmful 
influence on human glioma cells. By the 

ability to cell membrane perforation kills 
cancer cells by apoptosis mostly. This fact 
is important because the risk of inflam-
mation is reduced. Melittin interaction 
with cell membranes could be exploited 
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for anticancer therapy. However, we need 
more information about the effects of 
this compound on the level of proteins, 
genes and enzymes. The present results 
are preliminary and follow-up research 
to elucidate the molecular mechanisms 
involved in the interactions between 
melittin and cells is necessary. At this 
stage, the results indicate that the contact 
between melittin and U87 cell mem-
branes may be the key cause of melittin 
toxicity. Consequently, the morphology 
of glioma cells, the molecular status of 
cell lines, and the melittin concentration 
may act together to regulate the biologi-
cal response of glioma cells to melittin.

CONCLUSION

The results demonstrate that cytotoxicity 
of melittin on glioma cells increases with 
increasing melittin concentrations from 5 
to 50 μg/mL. Melittin causes perforation 
of cell membranes and mitochondrial 
membranes. However, melittin induces 
apoptosis and to less extent necrosis in 
the U87 cell line, indicating that melittin 
is a promising candidate for anticancer 
therapy.

Acknowledgement
Grant NCN PRELUDIUM 2013/09/N/
/N29/01898.

REFERENCES

BEI C., BINDU T., REMANT B.C., PEISHENA 
X., 2015: Dual secured nano-melittin for the 
safe and effective eradication of cancer cells. 
J. Mater. Chem. B. Mater. Biol. Med. 3 (1): 
25–29.

DOMBROWSKI Y., PERIC M., KOGLIN S., 
KAYAMAKANOV N., SCHMEZER V.,

REINHOLZ M., RUZICKA T., SCHAUBER 
J., 2012: Honey bee (Apis mellifera) venom 
induces AIM2 inflam-masome activation in 
human keratinocytes. Allegry 67 (11): 1400–
–1407. 

GAJSKI G., GARAJ-VRHOVAC V., 2013: Melit-
tin: a lytic peptide with anticancer properties. 
Environ. Toxicol. Pharmacol. 36 (2): 697–705.

HOSKIN D.W., RAMAMOORTHY A., 2008: 
Studies on anticancer activities of antimicro-
bial Peptides. Biochim. Biophywhuchs. Acta 
1778 (2): 357–375.

HUH J.E., KANG J.W., NAM D., BAEK Y.H., 
CHOI D.Y., PARK D.S., LEE J.D., 2012: 
Melittin suppresses VEGF-A-induced tumour 
growth by blocking VEGFR-2 and the COX-
-2-mediated MAPK signalling pathway. J. Nat. 
Prod. 75: 1922–1929.

JO M., PARK M.H., KOLLIPARA P.S., AN B.J., 
SONG H.S., HAN S.B., KIM J.H., SONG 
M.J., HONG J.T., 2012: Anti-cancer effect of 
bee venom toxin and melittin in ovarian cancer 
cells through induction of death receptors and 
inhibition of JAK2/STAT3 pathway. Toxicol. 
Appl. Pharmacol. 258: 72–81.

KEITH D., ESHLEMAN A., JANKOWSKY A., 
2011: Melittin stimulates fatty acid release 
through non-phospholipase-mediated mecha-
nisms and interacts with the dopamine trans-
porter and other membrane spanning proteins. 
Eur. J. Pharmacol. 650 (2–3): 501–510.

KONG G.M., TAO W.H., DIAO Y.L., FANG 
P.H., WANG J.J., BO P., QIAN F., 2016: Melit-
tin induces human gastric cancer cell apoptosis 
via activation of mitochondrial pathway. World 
J. Gastroenterol. 22 (11): 3186–3195.

LEE M.T., CHEN F.Y., HUANG H.W., 2004: 
Energetics of pore formation induced by mem-
brane active peptides. Biochemistry 43: 3590–
–3599.

MOLLAY C., KREIL G., 1974: Enhancement of 
bee venom phospholipase A2 activity by melit-
tin, direct lytic factor from cobra venom and 
polymyxin. B. FEBS 46: 141–144.

PARK M.H., CHOI M.S., KWAK D.H., OH K.W., 
YOON D.Y., HAN S.B., SONG H.S., SONG 
M.J., HONG J.T., 2011: Anti-cancer effect of 
bee venom in prostate cancer cells through ac-
tivation of caspase pathway via inactivation of 
NF-κB. Prostate 71 (8): 801–812.



Influence of melittin...    51

RAGHURAMAN H., CHATTOPADHYAY A., 
2007: Melittin: a membrane-active peptide 
with diverse functions. Biosci. Rep. 27 (4–5): 
189–223.

SHIN J.M., JEONG Y.J., CHO H.J., PARK K.K., 
CHUNG I.K., LEE I.K., KWAK J.Y., CHANG 
H.W., KIM C.H., MOON S.K., KIM W.J., 
CHOI Y.H., CHANG Y.C., 2013: Melittin 
suppresses HIF-1α/VEGF expression through 
inhibition of ERK and mTOR/p70S6K path-
way in human cervical carcinoma cells. PLOS 
ONE. 8 (7): e69380.

STĘPIEŃ A., IZDEBSKA M., GRZANKA A., 
2007: The types of cell death. Postepy Hig. 
Med. Dosw. 61: 420–428.

TOSTESON M.T., TOSTESON D.C., 1981: The 
sting. Melittin forms channels in lipid bilayers. 
Biophys. J. 36 (1): 109–116.

WONG R.S.Y., 2011: Apoptosis in cancer: from 
pathogenesis to treatment. J. Exp. Clin. Canc. 
Res. 30: 87.

YANG Z.L., KE Y.Q., XU R.X., PENG P., 2007: 
Melittin inhibits proliferation and induces ap-
optosis of malignant human glioma cells. Nan 
Fang Yi Ke Da XueXueBao. 27 (11): 1775–
–1777.

ZHANG H., ZHAO B., HUANG C., MENG 
X.M., BIAN E.B., LI J., 2014: Melittin restores 
PTEN expression by down-regulating HDAC2 
in human hepatocelluar carcinoma HepG2 
cells. PLOS ONE 9: e95520.

ZHENG J., LEE H.L., HAM Y.W., SONG H.S., 
SONG M.J., HONG J.T., 2016: Anti-cancer ef-
fect of bee venom on colon cancer cell growth 
by activation of death receptors and inhibition 
of nuclear factor kappa B. Oncotarget. 6 (42): 
44437–44451.

Streszczenie: Wpływ melityny na żywotność i in-
tegralność błon komórkowych glejaka IV stop-
nia. Glejak IV stopnia jest jednym ze złośliwych 
nowotworów ludzkich. Do dziś nie wynaleziono 
skutecznego leku do walki z tym nowotworem. 
Melityna to jeden ze składników jadu pszczelego, 
który wykazuje działania antyrakowe. Celem ba-
dań było zbadanie wpływu melityny na żywotność 
i integralność błon komórkowych glejaka IV stop-
nia linii U87. Komórki glejaka IV stopnia linii U87 
były traktowane roztworami melityny we wzrasta-
jącym stężeniu (5, 10, 15, 20 i 50 μg/mL) i inku-
bowane przed 24 h. Po inkubacji przeprowadzono 
badania w celu sprawdzenia morfologii komórek, 
ich żywotności, integralności błon komórkowych 
oraz drogę śmierci komórkowej. Wyniki wskazują 
na niszczący wpływ melityny na komórki glejaka. 
Melityna powoduje dezintegrację błon komórko-
wych oraz indukuje śmierć komórkową na drodze 
apoptozy oraz, w mniejszym stopniu, nekrozy.

Słowa kluczowe: glejak, melityna, toksyczność, 
apoptoza
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