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Abstract

Bee venom is synthesized in the venom gland's of worker and queen bees and stored in their venom sacs. Bee
venom is a rich source of enzymes, peptides and biogenic amines. There are at least 18 active components in the
venom which have some pharmaceutical properties. This study was performed to evaluate minimum inhibitory
concentration (MIC) of bee venom against bacteria isolated from pigs and chickens with disease. In case of the
control groups, the MIC(#g/m) of Staphylococcus aureus ATCC 6538, Streptococcus mutans ATCC 25175,
and Salmonella typhimurium ATCC 6538 were 64, 64 and 32, respectively. In case of bacteria isolated from pig
and chicken, the MIC of Staphylococcus aureus, Staphylococcus hyicus and Staphylococcus chromogenes
were 8, 128 and 128, and that of 11 strains of Escherichia coli were 8 to >512 and that of 8 strains of
Salmonella spp were >512. Antibacterial resistance test of 22 strains isolated from pig and chicken and 3
control groups were performed by agar gel diffusion method, using 17 antibacterial drugs including penicillin,
cefazolin, tetracycline and quinolone group. The multiple drug resistant patterns were found in most strains

isolated from pig and chicken.

Key words: Bee venom, Minimum inhibitory concentration (MIC)

! Corresponding Author
Phone : +82-54-850-3285, Fax : +82-54-850-3289

E-mail : stkim@gb.go.kr


mailto:stkim@gb.go.kr

Soon-Tae Kim, Ji-Young Hwang, Myoung-Suk Sung, So-Yang Je, Dong-Rok Bae, Sang-Mi Han, Sung-Hae Lee

Introduction

The Bee Venom Therapy (BVT) is a medical
treatment that injects the purified venom extracted
from the natural honeybees into the related meridian
locus to activate the immune system in a body for
the treatment to cure various diseases”.

Bee venom has long been used as one of folk
remedies for thousands years, though it was
unknown when exactly it began to use. Hippocrates,
a Greek medical scientist called the father of
medicine, referred a bee sting as ‘arcanum — a very
mysterious medicine.” ?

Bee venom consists of about 40 major
components, and has a specific gravity of 1.1313,
and a pH of 5.2-55 The most

components include melittin, apamin, and MCD-

important

peptide, which are known to have overall analgesic,

anti-inflammatory, and antibacterial actions,
stimulate the secretion of pituitary hormone, and
promote the blood circulation®. The characteristic
component of bee venom is melittin with molecular
weight of 2,840. Melittin is a polypeptide consisting
of 26 amino acids, which stimulates the pituitary
and adrenal glands to produce catecholamine and
cortisone for the anti-inflammatory action”" *.

Bee venom is a part of apitherapies, which was
earlier used to cure arthritis, rheumatism and the
skin ailments, and is now used as an alternative
therapy to treat multiple sclerosis, Lyme disease,
and chronic fatigue syndrome.

The BVT is a toxin therapy that uses the toxicity
of medicine to cure diseases in the Oriental
medicine. Although medically injecting bee venom
has only been recognized as desensitization in the
Western medicine, bee venom is applied
extensively to the treatment to cure diseases in
China, Korea, Rumania, Bulgaria and Russia.

In Korea, the bee sting therapy was also applied
to the domestic animals. It was reported that the
natural bee venom had a therapeutic action to cure
the arthritis®, the wound by tail amputation®, and

agalactia” in pigs. However, it is difficult for

farmers to practically apply bee venom to their
domestic animals, because the therapy uses direct
stings of live honeybees. Furthermore, the effect of
the bee sting therapy is not only resulted from the
BVT but also from the acupuncture. In order to find
the way to simply apply the bee venom collected
from the honeybees, we examined the antibacterial
effect of bee venom itself by primarily studying the
the
minimum bactericidal concentration (MBC), and

minimum inhibitory concentration (MIC),

the drug resistance against bacteria isolated from
samples.

Materials and Methods
Experimental Materials
Cheongjin Tech, a manufacturer of the bee

the
Agricultural Biology at the National Institute of

venom collectors, and Department  of
Agricultural Science and Technology under the
Rural Development Administration donated the
dried bee venom. We diluted the dried bee venom
the

concentration immediately before the experiment.

with sterile distilled water in required

Target Bacteria

The control groups were obtained from the
that
distributed by the Korean Culture Center of
the
Administration. The gram-positive bacteria include
Staphylococcus ATCC 6538, and
Streptococcus mutans ATCC 25175, while the
gram-negative include  Salmonella
typhimurium KCCM 40253. Table 1 shows the field
strains isolated from the lesions of pigs and

culture collections had originally been

Microorganisms  to Rural  Development

aureus

bacteria

chickens of which diseases had been requested to be
diagnosed for the period from September 2004 to
October 2005.

The samples collected from pigs were loose feces,
intestinal contents, and crusts (in case of the
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exudative epidermitis), while the samples collected
from chickens were organs, i.e., liver and heart. We
used an identification kit APl 20E (Biomerieux,
France) to analyze the biochemical characteristics,
the the
Escherichia coli that produced hemolysis on blood

including glycolysis, of assumed
agar, formed clusters breaking down the lactose on
MacConkey agar, represented acid slant and acid
butt on TSI agar, showed mobility on SIM agar, and
indicated indol production, methyl red (-) and

Voges-Proskauer (-).

Table 1. Bacteria Isolated from the Samples

Animal . No. of
Species Bacteria Strains
Escherichia coli 3
Salmonella typhimurium 1
Pig Staphylococcus aureus 1
Staphylococcus hyicus 1
Staphylococcuschromogenes 1
Escherichia coli 8
Chicken  Salmonella enteritidis 4
Salmonella gallinarum 3
Total 22

We analyzed the biochemical characteristics of
the assumed Salmonella spp that did not dissolve
lactose on the MacConkey agar, was transparent on
the SS agar, formed clusters producing H,S, and
reacted with the Mucap test reagent (Biolife, Italy)
to emit blue fluorescent under 366 nm UV lamp
(UVP, USA) in a darkroom. Among the selected
bacteria that represented alkaline slant and acid butt
on the TSI agar, and indicated indol production (-),
methyl red (+), and urease (-), we used an API 20E
kit for the strains with mobility, and added the
hydrolysis test with dulcitol, rhamnose and maltose
to the API 20E kit for the strains without mobility.

In the serum typing identification test, we used
the somatic antigen, including the salmonella O
group serums A, B, C1, C2, D1, D2 and E4 (Difco),
to carry out the turbid plate agglutination, and used

the Flagella antigen, including Spicer- Edward rapid
H antigen 1,2,3,4, L-complex, EN-complex, 1
complex, i, m, s, t, q, 2, 5, 6, and 7 (Difco), to carry
out the Ditch-plate method in cooperation with
Difco Laboratories.

We also used coagulase test and API staph Kits to
analyze the biochemical characteristics of the
assumed Staphylococcus that was gram-positive,
produced hemolysis on blood agar plate, and
formed a turbid white ring on Baurd-Parker agar

containing yolk.

Measurement of the Minimum Inhibitory
Concentration (MIC) and the Minimum
Bactericidal Concentration (MBC)

We used the broth dilution method to measure the
MIC in order to determine the antibacterial effect of
bee venom against the strains. We plated bee venom
on the MH broth, and diluted it to make the final
bacteria density of 2.5x10° CFU/m¢ by 2-fold serial
dilution, and then measured the optical density
(OD) at 660 nm after 24 hours of cultivation to
identify the turbidity of the medium. We determined
the minimum density that showed the same OD of
the pure broth culture containing bee venom and
bacteria at each step of dilution as MIC. Also, we
equally smeared each 0.1 m¢ culture collected
before/after the MIC for each strain on the blood
agar plate, and cultured it for 24 hours at 37°C, and
then made sure the growth of bacteria to determine
the final MBC.

Antimicrobial Susceptibility

We used the disc diffusion method to assess the
susceptibility of 17 antimicrobial agents, including
(P), (AM),
amoxicillin/calvullanic acid (AMC), cephalothin
(CF), cefazolin (CZ), clindamycin (CC), bacitracin
(B), lincomycin (L), neomycin (N), gentamicin

penicillin ampicillin

(GM), amikacin (AN), kanamycin (K), tetracycline
(TE), ciprofloxacin (CIP), norfloxacin (NOR),
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Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
bee venom against Staphylococcus spp and Streptococcus mutans.

Strains Strain number MIC (ug/me) MBC (ug/m£) Isolated From
Staphylococcus aureus ATCC 6538 64 64 -
Streptococcus mutans ATCC 25175 64 64 -
Staphylococcus aureus Field strain 6 8 16 Pig
Staphylococcus hyicus Field strain 7 128 128 Pig
Staphylococcus chromogenes Field strain 8 128 128 Pig

Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
bee venom against Salmonella spp

Salmonella Strains NSutrrr?E)Ter MIC (ug/me) MBC (ug/m£) Issrlgtmed
S typhimurium KCCM 40253 32 32 -
S typhimurium Field strain 5 Unknown Unknown Pig
S gallinarum Field strain 18 Unknown Unknown Chicken
S gallinarum Field strain 23 Unknown Unknown Chicken
S gallinarum Field strain 24 Unknown Unknown Chicken
S enteritidis Field strain 19 Unknown Unknown Chicken
S enteritidis Field strain 20 Unknown Unknown Chicken
S enteritidis Field strain 21 Unknown Unknown Chicken
S enteritidis Field strain 22 Unknown Unknown Chicken

" : Growing in 512 ug/m¢ solution of bee venom.

enrofloxacin ~ (ENR), and  sulfamethoxzole/
trimethoprim (SXT), against the isolated bacteria
based on the National Committee for Clinical

Laboratory Standards (NCCLS).

Results

Table 2, 3 and 4 show the MIC and MBC
measured by the broth dilution method to assess the
antibacterial effect of bee venom for each strain.

For the gram-positive bacteria, both MIC and
MBC were 64 u4g/mé in the control groups,
including S aureus ATCC 6538, and S mutans
ATCC 25175. MIC was 8 1g/m¢, and MBC was 16
#g/me in the field strain S aureus, while both MIC
and MBC were 128 #g/m¢ in S hyicus and S
chromogenes. For the gram-negative bacteria, both
MIC and MBC were 32 ug/m¢ in the S

typhimurium ATCC 6538 of the control group. The
growth did not inhibited in eight field strains,
including one S typhimurium, three S gallinarum,
and four S enteritidis, even at the maximum density
512 ug/mé in the experiment.

For the gram-negative field strains E coli, MIC
was 8 4g/M¢ in one strain, 128 #g/mM¢ in one strain,
256 4g/m¢ in eight, and 512 4g/m¢ in one strain.
MIC was mostly 256 xg/m¢, while MBC was 16
4g/me in one strain, 256 4g/mM¢ in one strain, and
512 4g/me in seven strains. Two strains were grown
even at the maximum density 512 /g/mé,

Table 5 shows the drug resistance to 17
antimicrobial agents. The control groups had a drug
resistance relatively lower than the field strains. S
aureus ATCC 6538 of the control groups was
resistant to the TE, while S mutans ATCC 25175 to
five antimicrobial agents, including penicillin. On
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the contrary, S typhimurium ATCC 6538 was
susceptible to all 17 antimicrobial agents used in the
experiment. For the field strains isolated from pigs,
S aureus was resistant to six agents, S hyicus to five
agents, S chromogenes to six agents, and S
typhimurium to nine agents. For seven salmonella
spp isolated from chickens, two S gallinarum were
resistant to four agents, and one S gallinarum was to
five agents, while one S enteritidis was resistant to
six agents, one was to five agents, and two were to
four agents. Eleven E. coli isolated from pigs and
chickens were resistant to most of agents in the
experiment: one to eight agents, three to ten agents,
three to eleven agents, two to twelve agents, and
two to thirteen agents.

Table 4. Minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) of bee venom against Escherichia coli

E coli Field MIC MBC Isolated

Strains No. (1g/me) (1g/me) From
1 128 512 Pig
2 256 512 Pig
3 256 512 Pig
10 256 Unknown™  Chicken
11 256 256 Chicken
12 256 Unknown Chicken
13 512 512 Chicken
14 8 16 Chicken
15 256 512 Chicken
16 256 512 Chicken
17 256 512 Chicken

": Growing in 512 4g/m¢ solution of bee venom.
Discussion

Honeybees have a venom sac that contains venom,
and connects with a sting, a variation of ovipositor.
Only female honeybees can sting human and
animals to discharge 10-50 #g of bee venom.
Unlike wasps, honeybees do not attack human and
animals as long as they are not disturbed. A

honeybee dies once it stings, because the barbs of a
fishhook on a sting are stuck in where it stings,
together with the removed a venom sac and
viscera®. Newborn honeybees have only a little bee
venom, which will be increased over the days of age.
15 days old honeybees have about 0.3 mg of bee
venom, and 18 days old gatekeepers no longer
produce the venom. Bee venom naturally collected
from honeybees is clear and transparent liquid and
odoriferous substance with a bitter taste. Bee venom
is composed of complex mixture of enzymes,
polypeptides and various substances with low
molecular weight, and has unique pharmacological
and physiological actions® 1%

Bee venom contains 5 enzymes, 11 peptides, and
3 amines. Melittin, one of peptides, is the most
importance component. Apamin was first isolated
by Habermann and Reiz'" in 1965, and reported to
increase the secretion of cortisone by stimulating
the pituitary and renal glands for the anti-
inflammatory action, like melittin. Adolapin was
found by Shkenderov and Krasimira'? in 1982, and
reported to inhibit the microsomal cyclooxygenase,
a prostaglandin synthesis enzyme, for the anti-
inflammatory action.
Matsuzaki? that the antibacterial

mechanism of bee venom was the action potential

reported

of melittin, which had a high affinity with the cell

membrane lipid, through pores on the cell
membrane. Melittin has strong antibacterial and
antifungal actions. Ortel and Markwardt reported
that the experiment with 13 gram-negative and
gram-positive bacteria indicated that melittin had an
antibacterial effect better on the gram-positive
bacteria than on the gram-negative bacteria. Steiner,
et al. ® referred bee venom as the ‘natural
penicillin,” and reported that bee venom fought well
with the gram-positive and some gram-negative

bacteria. In 1997, Oren and Shai‘® demonstrated
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Table 5. Antimicrobial resistance patterns of control groups and bacteria isolated from pig and chicken

Strains Strain number Drug Resistant Patterns 'SFOr'g:ﬁd
Staphylococcus aureus ATCC 6538 TE -
Streptococcus mutans ATCC 25175 CC,CF,CZ,L,P -
Staphylococcus aureus Field strain AM, AMC, CC, L,P, TE Pig
Staphylococcus hyicus Field strain 7 AM, CC, L, TE, P Pig
Staphylococcu schromogenes  Field strain 8 CC,L,K,P,SXT, TE Pig
Salmonella typhimurium KCCM 40253  All susceptible -
Salmonella typhimurium Field strain 5 AM, B, CC, CF, GM, L, P, SXT, TE Pig
Salmonella gallinarum Field strain18 B, CC,L,P Chicken
Salmonella gallinarum Field strain23 B, CC,GM, L,P Chicken
Salmonella gallinarum Field strain24 B, CC,L,P Chicken
Salmonella enteritidis Field strain19 B, CC,L,P Chicken
Salmonella enteritidis Field strain20 AM, B, CC, L,P, TE Chicken
Salmonella enteritidis Field strain21 B, CC,L,P Chicken
Salmonella enteritidis Field strain22 AM, B, CC,L,P Chicken
Escherichia coli Field strain 1 AM, AMC, CC,CF,CZ, L,P, TE Pig
Escherichia coli Field strain 2 AM, B, CC, CF, CIP, ENR, K, L, N, P, TE Pig
Escherichia coli Fieldstrain3  AM, B, CC, CF, CIP, ENR, K, L, N, NOR, P, TE Pig
Escherichia coli Field strain 10 AM, B, CC, CIP, ENR, GM, L, NOR, P, TE Chicken
Escherichia coli Field strain 11 ~ AM, B, CC, CF, CIP, ENR, L, NOR, P, TE Chicken
Escherichia coli Field strain 12  AM, B, CC, CIP, ENR, GM, K, L, NOR, P, SXT, Chicken

TE Chicken
Escherichia coli Field strain 13~ AM, AMC, B, CC, CF, CIP, CZ, ENR, L, NOR, Chicken

P, SXT, TE Chicken
Escherichia coli Field strain 14  AM, B, CC, CF, CIP, ENR, L, NOR, P, SXT, TE  Chicken
Escherichia coli Field strain 15  AM, B, CC, CF, CIP, ENR, L, NOR, P, SXT, TE  Chicken
Escherichia coli Field strain 16 AM, B, CC, CF, CIP, ENR, L, NOR, P, TE
Escherichia coli Field strain 17 AM, B, CC, CF, CIP, CZ, ENR, L, N, NOR, P,

SXT, TE
that melittin completely dissolved both gram- spp, including one S typhimurium, three S

positive and gram-negative bacteria.

The results of the experiment indicated that the
MIC for the control groups was 64 4g/m¢ in the
gram-positive bacteria, including S aureus and S
mutans, while 32 4g/m¢ in the gram-negative
bacteria S typhimurium. The MIC for the field
strains was 8 4#g/m¢ in the gram-positive bacteria S
and 128 ug/mé
bacteria S hyicus and S chromogenes. The growth

aureus, in the gram-positive

did not inhibited in eight gram-negative Salmonella

gallinarum, and four S enteritidis, even at the
maximum density 512 4#g/m¢ in the experiment.
For the E coli, MIC was 8 #8/M¢ in one, 128 ug/mé
in one, 256 4#g/M¢ in eight, 512 4g/m¢ in one, and
256 4g/me in the rest.

Bee venom was about 1,000-1,200 times stronger
than penicillin'®, and was suggested that had an
effect even on the S aureus strain 80, a variant of

Staphylococcus that was resistant to penicillin”.
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Among twenty-two field strains, three gram-
positive strains were resistant to penicillin in the
drug resistance test. MIC ranged from 8 4g/m¢ to
128 #g/m in such strains. It was lower than the
MIC in the gram-negative bacteria, which showed
various distribution patterns within the range from 8
ug/mé to 512 ug/me,

The acupuncture has long been used to treat
diarrhea in Oriental medicine. The acupuncture has
a good therapeutic action particularly on a chronic

18.19 |t has been recognized

diarrhea in childhoods
that the diarrhea by E coli was better cured by
acupuncture than by the medication in pig?®. The
acupuncture is also known to activate the immune
system by generating the antibodies, allowing
leukocytes to perform phagocytosis, and engaging
in the antibacterial, anti-inflammatory, and antiviral
actions?.

The median lethal dose (LDsp) is 2.8 mg of bee
venom per Kg body weight in adults. The chance of
survival is 50% when injecting 168 mg of bee
venom to an adult with 60Kg of body weight. Given
that only 10-50 #g of bee venom is discharged in a
sting though a venom sac can hold up to 0.3 mg of
venom, the discharged amount of bee venom
reaches LDsx, in about 600 stings in adults, while in
about 90 stings in childhood under 10Kg of body
weight. In most cases, several stings can be life
threatening due to allergic reaction, heart failure, or
asphyxia by edema of throat and mouth.

While the orally administered bee venom is easily
dissolved by digestive enzymes, the bee venom
injected into tissues has a unique pharmacological
action in a body. The intradermal or subcutaneous
injection of bee venom simulates the effect of direct
stings. To apply the injection of collected bee
venom to the disease control and treatment in
domestic animals, instead of the bee sting therapy
that has a limited application, we think that further
experiments shall be made in the future to address
the direct effect of bee venom on the bacteria, and
the contribution to the enhancement of immune
responses.

Conclusion

We determined the MIC and MBC of the bee
venom collected from honeybees against the
bacteria isolated from samples of pigs and chickens
of which diseases had been requested to be
diagnosed.

The results of the experiment indicated that both
MIC and MBC for the control group were 64 4g/mé
in the gram-positive bacteria, including S aureus
ATCC 6538 and S mutans ATCC 25175. The MIC
and MBC for the field strain S aureus were 8 4g/mé
and 16 #g/mé respectively. Both MIC and MBC for
S hyricus and S chromogenes were 128 ug/mé,
while 32 #g/m¢ in the S typhimurium of the gram-
negative control group. The growth did not
inhibited in eight gram-negative Salmonella spp,
including one S typhimurium, three S gallinarum,
and four S enteritidis, even at the maximum density
512 ug/mé in the experiment. For the E coli, MIC
was 8 4g/m¢ in one strain, 128 4#g/m¢ in one stain,
256 #g/m¢ in eight strains, and 512 4g/m¢ in one
strain, while MBC was 16 £g/m¢ in one strain, 256
#g/me in one strain, and 512 4g/m¢ in seven strains.
Two strains were grown even at the maximum
density 512 x£g/m¢ in the experiment.
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