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Abstract

��Objectives: Bee venom (BV) is a complex mixture of 
proteins and contains proteins such as phospholipase 
and melittin, which have an effect on blood clotting 
and blood clots. The mechanism of action of honey bee 
venom (HBV, Apis mellifera) on human plasma proteins 
and its anti-thrombotic effect were studied. The pur-
pose of this study was to investigate the anti-coagula-
tion effect of BV and its effects on blood coagulation and 
purification.

Methods: Crude venom obtained from Apis mellifera 
was selected. The anti-coagulation factor of the crude 
venom from this species was purified by using gel filtra-
tion chromatography (sephadex G-50), and the molecu-
lar weights of the anti-coagulants in this venom estimat-
ed by using sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Blood samples were ob-
tained from 10 rabbits, and the prothrombin time (PT) 
and the partial thromboplastin time (PTT) tests were 
conducted. The approximate lethal dose (LD) values of 
BV were determined.

Results: Crude BV increased the blood clotting time. 
For BV concentrations from 1 to 4 mg/mL, clotting was 
not observed even at more than 300 seconds, standard 

deviations (SDs) = ± 0.71; however, clotting was ob-
served in the control group 13.8 s, SDs = ± 0.52. Thus, 
BV can be considered as containing anti-coagulation 
factors. Crude BV is composed 4 protein bands with 
molecular weights of 3, 15, 20 and 41 kilodalton (kDa), 
respectively. The LD50 of the crude BV was found to be 
177.8 µg/mouse.

Conclusion: BV contains anti-coagulation factors. The 
fraction extracted from the Iranian bees contains pro-
teins that are similar to anti-coagulation proteins, such 
as phospholipase A2 (PLA2) and melittin, and that can 
increase the blood clotting times in vitro.

1. Introduction

Honey bee venom (HBV, Apis mellifera) is a bitter, 
colorless liquid, and its active portion contains a mix-
ture of proteins that, cause local inflammation and act 
as anti-coagulants. HBV is a complex mixture of en-
zymes and polypeptides with low molecular weights, 
and it has been reported to contain the enzymes 
phospholipase A2 (PLA2), hyaluronidase, phosphomo-
noesterase acid esterase, α-D-glucosidase, lysopphos-
pholipase, α-galactosidase, α-acetylamino-deosiglu-
cosidase and arylamidase. The compositions of fresh 
and dried bee venom (BV) differ mainly in regards to 
the volatile components; however, the overall biologi-
cal activities are similar [1].

Enzymes are proteins catalyzing specific reactions, 
and contains five enzymes. Polypeptides are smaller 
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in molecular weight than enzymes and are made of two 
or more amino acids. BV also has numerous polypeptides, 
the main one being melittin, which is also the main com-
ponent of BV and has many positive biological effects and 
a relatively low toxicity. Melittin has a molecular weight of 
2,840 Daltons, but it can reach 12,500 Daltons because it 
can also be in a tetrameric form [2, 3].

BV also contains smaller quantities of low molecular 
compounds that are different in nature: amino acids, cat-
echolamines, sugars and minerals. Sugars have been iden-
tified in some BV preparations, but if BV is collected with a 
collector to prevent the contamination by pollen and nec-
tar, it does not contain carbohydrates [4].

The mast cell degranulating (MCD) peptide and PLA2 are 
the two most toxic components in BV. Individual BV com-
ponents can be used to achieve definite biological effects, 
and due to its having different effects on the central and 
the peripheral nervous systems (PNS), BV can be used to 
treat patients with different heart conditions. Reports have 
been published on the use of BV to treat patients with dif-
ferent degenerative diseases of the nervous system, such 
as multiple sclerosis (MS), Alzheimer’s disease and Par-
kinson’s disease [5-7].

BV has also been reported to act against different types 
of cancers in cell and animal experiments [8]. However, 
no differences between the cancer incidences in normal 
humans and beekeepers have been reported [9]. Thus, 
melittin, a powerful anti-cancer peptide, might be a better 
choice than whole BV for treating various diseases. On the 
other hand, BV acupuncture and melittin have been used 
to control neuropathy caused by cancer chemotherapy 
[10, 11].

Because, most human deaths resulting from one or a few 
bee stings are due to allergic reactions, heart failure, or suf-
focation from swelling around the neck or the mouth, as 
compared with other human diseases, accidents and other 
unusual cases, deaths dues to bee stings are rare, indicat-
ing that BV is very safe for treating diseases in humans [12].

2. Materials and Methods

Lyophilized BV was prepared at the Venomous Animals 
Department, Razi Vaccine and Serum Institute, and was 
kept at — 20˚C. Sephadex G-50 was purchased from Phar-
macia (Sweden). Calcium chloride (CaCl2) and protrom-
bin time (PT) and partial thromboplastin time (PTT) Kit 
products were purchased from Fisher Diagnostics (Ger-
many). The other reagents and chemicals of analytical 
grade were purchased from Fluka and Merck.

Blood samples were extracted from 10 healthy young rab-
bits of both sexes with no history of blood disease. Blood 
samples from these rabbits were centrifuged for 15 min-
utes at 3,000 rpm. The obtained plasma was separated and 
was used for the PT and PTT testing.

Tissue thromboplastin was reconstituted according to 
instructions and was labeled with the time, date and in-
itials of the technician. The thromboplastin reagent was 
stabile for seven days after reconstitution. The sample was 
allowed to sit 10 — 15 minutes and was than inverted gen-
tly several times. The reagents were mixed well prior to pi-

petting any of them reagent at any step in this procedure.
One to two mls of the tissue thromboplastin- CaCl2 re-

agent (PT reagent) was pipetted into a test tube, and the 
test tube placed into an incubator at 37˚C. The level of the 
thromboplastin was not allowed to exceed the height of 
the heat block. Normal rabbit plasm, 100 µL was poured 
into the test tubes and at least one minute was allowed for 
the plasma to reach 37˚C. Then, 200 µL of the PT reagent 
was poured into the tube containing the rabbit plasma, 
and simultaneously stop watch was started.

The solution in the tube was mixed and left in the heat 
block for a minimum of 7 — 8 seconds. It was then re-
moved, and its exterior was wiped.  The tube was then tilted 
back and forth gently until a visible clot formed. As the clot 
formed, the mixture began to gelatinize and turn cloudy. 
The stop watch was immediately stopped when the clot 
began to form, and the time in seconds was recorded [13]. 

A sufficient quantity of CaCl2 reagent was heated to 37˚C 
for the tests to be performed. Normal rabbit plasma, 100 
µL, was poured into a labeled test tube, and 100 µL of par-
tial thromboplastin reagent was added. The plasma/partial 
thromboplastin mixture was incubated at 37˚C for a min-
imum of three minutes, and CaCl2 100 µL, was forcefully 
added into the plasma/partial thromboplastin mixture; a 
stop watch was started immediately.

The mixture in the tube was stirred once after the calcium 
reagent had been added, and the tube was allowed to re-
main in the heat block for approximately 20 seconds while 
being stirred occasionally. After 20 seconds, the tube was 
removed from the water bath/heat block, and its outside 
was dried. The tube was then gently tilted back and forth 
until a visible clot formed, at which time the stop watch 
was immediately stopped and the time in seconds was re-
corded [13].

The concentrations of the proteins in the BV were meas-
ured by using the method of Lowry with bovine serum al-
bumin (BSA) as the standard [14]. Standard curves were 
constructed by measuring the concentration of the BSA 
solution; then, the amounts of the proteins in the crude 
BV were obtained. In addition, 10 mg of BV were used to 
prepare samples with concentrations of 1 to 4 mg/mL. The 
samples with these concentrations were the used to assess 
the effect of BV on clotting with PT.

The lethal dose 50 (LD50) of the Iranian crude BV was de-
termined in mice (18 to 20 g National Institutes of Health 
(NIH) strain; NIH mouse are albino outbred mice which 
were derived from a nucleus colony obtained from the 
NIH). The sample at each dose was prepared in physiologi-
cal sterile serum and was injected into the mice. For the se-
lection of an appropriate dose, several different doses were 
injected into two mice per dose up to lethality. The doses 
were then chosen so that for the first dose, no mice died, 
and for last dose, all animals died. When different doses 
were prepared for each sample, 2 mL of each dose (0.5 mL 
for each mouse) were intravenously into four mice. Then, 
the mortality of the mice was recorded for 24 hours. The 
LD50 values of each sample were calculated by using the 
Spearman-Karber Finney statistics [15].

The anti-coagulation factors from BV were purified by us-
ing chromatographic techniques. To separate the coagu-
lation factor, we dissolved 300 mg of the crude BV in 4 mL 
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of ammonium acetate buffer, which was then centrifuged 
for 15 minutes at 14,000 rpm. The impurities were removed 
by using a micro filter 0.45.  The gel chromatography col-
umn was equilibrated by using 20 mM ammonium acetate 
buffer (pH 4.75). After the column had been equilibrated, 
the protein solution was applied on sephadex G-50 (3 × 
200 cm); then, the column was eluted with the same buff-
er. The absorption of each fraction was read at 280 nm. All 
the fractions were dialyzed for 24 hours against distilled 
water and were concentrated at 4˚C. After concentration, 
the intensities of peaks were accurately measured. The PT 
test was done for peaks (fractions) with the same concen-
tration and fractions that showed anti-coagulation activity 
were detected [16, 17].  

To confirm the presence of coagulation and anti-coag-
ulation activities, we performed PT tests with the same 
concentrations, 20 μg/mL, for the fractions obtained by 
using gel chromatography. For determining the molecu-
lar weight and the purity of the crude BV and the fractions 
obtained by using the gel chromatography technique, we 
performed sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) according to the method of 
Laemmli [18]. 

Analyses to determine the means, standard deviations 
(SDs) and P-values of the test data were performed using 
the software mini tab. P-value was calculated, and a P-val-
ue less than 0.05 was meaningful.

3. Results 

Comparing the coagulation time of normal plasma (with-
out venom) with those obtained for different concentra-
tions of BV, crude BV was found to increase the plasma 
clotting time. In other words, the venom prolonged the 
blood coagulation time, making this venom an anti-coag-
ulant (Table 1). The amount of protein in crude BV solution 
was 3.6 mg/mL.

The values of the LD50 in all mice were determined for all 
samples. The samples were prepared at different doses. 
Each dose was injected intravenously into 40 mice. The 
numbers of dead mice within 24 hours were recorded for 
each dose. After the registration of deaths, the LD50 of each 

dose was determined by using the Spearman-Karber sta-
tistics method, which is as follows:

M = × 100 ± d/n (Σr-n/2), d = log 1.25 = 0.097, d/n = 0.024
M = log LD50, × 100 = log 244 = 2.38
n = 4, Σr = 5, M = 2.38 + 0.121 = 2.25
LD50 = Antilog 2.25 = 177.8, LD50 = 177.8 µg
Using gel filtration chromatography, four fractions were 

obtained. These fractions were labeled F1 to F4. According 
to Fig. 1, fractions F1 to F4 containing proteins from high to 
low molecular weight were extracted from the gel chroma-
tography column. It seems that the fraction F1 contain hy-
aluronidase, F2 and F3 contains phospholipase and F4 con-
tain melittin. Fraction F2 containing the highest amount of 
protein had the greatest absorbance (Fig. 1). With regard 
to the determination of the standard molecular weights of 
the protein bands, the exact locations of the crude BV pro-
teins and their fractions were identified (Figs. 2, 3). Crude 
venom has four pro-tein bands with molecular weights of 
3, 15, 20 and 41 kilodalton (kDa). After chromatography, 
each fraction showed a single band.

The anti-coagulant property was determined by using PT 
tests on fractions F1 to F4. The coagulation times were ob-
tained by adding fractions from the gel chromatography 
to the plasma of three healthy rabbits of each sex. The re-
sults are gathered in Table 2. Although fractions F2, F3 and 

Table 1 PT values for different concentration of Apis mellifera crude venom

P-value < 0.05, *n = 6.
PT, protrombin time; PTT, partial thromboplastin time.

Concentration of venom and fractions
*Average 

PT (sec)
Description

1 mg/mL 0.71 ± 187 Clots were formed as thin filaments

2 mg/mL More than 300 No clots were formed

3 mg/mL More than 300 No clots were formed

4 mg/mL More than 300 No clots were formed

Normal PT (No venom) 0.52 ± 13/8 Clots were formed completely

Normal PTT (No venom) 0.4 ± 33.45 Clots were formed completely

Figure 1 Sephadex G-50 chromatography of Apis mellifera 
venom.
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F4 had more anti-coagulation activity than F1, F1 also had 
some anti-coagulation activity. According to this method, 
if the time until coagulation occurs is increased compared 
to the control sample, then the anti-coagulation activity is 
increased.

4. Discussion

This research offers an effective and repeatable method 
for separating the anti-coagulation factors in BV. Venom 
from bees in the family Apidae like Apis mellifera, is a rich 
source of new compounds that have applications in medi-
cine and biochemistry [19], and BV from Iranian bees seen 
to be effective in delaying the clotting of blood. Coagula-
tion tests, including PT tests, have shown that BV, in gener-
al, has anti-coagulation properties.

From the results of tests carried out on six samples, we 

can be concluded that all were normal, as the time for each 
was in the normal range when tested by using PT (10 — 14 
seconds) and PTT (30 — 40 seconds).

To evaluate the anti-thrombotic properties of BV, we per-
formed PT tests on plasma samples from four groups of 6 
animals each (24 animals total), and the 4 groups received 
injections of BV with doses of 1, 2, 3 and 4 mg/mL, respec-
tively. The average duration of the PT test in this case also 
highlights the anti-coagulation properties of the Iranian 
crude BV (PT = more than 300 seconds). Thus, the anti-co-
agulation factor BV has been proven.

The venoms of most stinging insects, including honey 
bees, consist of enzymes, protein, peptides, and a variety 
of smaller molecules. The pharmacological and biochem-
ical activities of venoms from various stinging insects are 
remarkably convergent. Most venoms induce immediate 
pain, contain phosphlipases, hyaluronidase, and other en-
zymes, and are capable of destroying red blood cells [20]. 
The phospholipases derived from honey bees, yellow jack-
ets, and fire ants have very different molecular weights: 
16,000 for bees [21], about 31,000 for yellow jackets [22, 
23], and 28,000 in the form of tow roughly equal subunits 
for fire ants [24].

Melittin is the principal active component of apitoxin 
(BV) and is a powerful stimulator of  PLA2. So far, melittin 
is the best characterized peptide. It inhibits protein kinase 
C, Ca2+/calmodulin-dependent protein kinase II, has alka-
line characteristics similar to those of other venom com-
pounds, and seems to be the major compound responsible 
for intense local pain [25, 26]. It corresponds to 40% — 50% 
of the venom’s dry weight, although this varies during ag-
ing [27].  Extensive work with melittin has shown that it has 
multiple effects, probably, as a result of its interaction with 
negatively-charged phospholipids. 

Venoms from other Apis species are similar, but even the 
venoms from the various types within each species are 
slightly different from each other. The toxicity of Apis cera-
na venom has been reported to be twice as high as that of 
Apis mellifera [28].

5. Conclusion 

BV contains pharmacologically important constituents. The 
important constituents present in BV are melittin, apamin, 
hyaluronidase, phospholipase and histamine. Melittin is 
considered to be the major constituent of BV. 

The present study analyzed the venom of Apis mellifera 

Table 2 PT value for fractions of Apis mellifera crude venom

PT, protrombin time.

PT (sec) Sample

240 Fraction F1

More than 300 Fraction F2

More than 300 Fraction F3

More than 300 Fraction F4

Figure 2 SDS-PAGE of Apis mellifera crude venom.
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis.

Figure 3 SDS-PAGE of Apis mellifera fractions.
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis.
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with regard to anti-coagulation activities. Its anti-coagulation 
proteins were isolated and evaluated by using chromato-
graphic methods. The fraction extracted from the Iranian bee 
contained protein similar to anti-coagulation proteins such 
as PLA2 and melittin, which are able to increase the blood 
clotting time in vitro. 

In summary, bee products are very interesting and can ei-
ther be developed further into medicinal products when they 
offer new and better treatment alternatives, or form the basis 
for the identification of new drugs that can be used accord-
ing to the principles of pharmacology. In either case, much 
effort will be necessary in order to establish their position in 
modern medicine.
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