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ABSTRACT - The aim of the current study was to examine genotoxicological safety of purified bee venom (4pis
mellifera L.) The bacterial reverse mutation in Salmonella typhimurium (TA100, TA1535, TA9S8, and TA1537) and
Escherichia coli (WP2 uvrA) were evaluated with purified bee venom at concentrations of 0, 1.5, 5, 15, 50, 150, and
500 pg/plate. Purified bee venom was negative in Ames test with both in the presence and absence of rat liver
microsomal enzyme. According to these results, we concluded that purified bee venom did not cause bacterial reverse
mutation. The safety of the purified bee venom at practical doses needs to be further evaluated in in vivo genotoxicity

assays.
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Table 1. Conditions for Ultra Performance Liquid Chromatogra-
phy (UPLC) analysis of purified bee venom

UPLC condition
Column Halo ES-18 (4.6 x 100 mm, 2.7 um)
Flow rate 1.5 mL/min
Injection volume 4ulL

Column temperature ~ 50°C
Sample temperature ~ 5°C

(A) 20 mM TFA/MeCN’,

(B) 20 mM TFA/H,O

(A) 0~3 min, 10~31%; 3~5 min, 31~40%;
5~10 min, 40~45%

*TFA; Trifluoroacetic acid, MeCN; Acetonitrile

Mobil phase

03 Phospholipase A, / |
Apamin
02 l Melittin
o " | :
0.0t ¥ l " ¢
i\

2
2
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Fig. 1. UPLC chromatogram of purified bee venom. UV is 260
nm. Arrows are melittin, apamin, and phospholipase A,.

o 4mgmL ¢ FEZ 32 S/ ¥ PTFE 0.2 pm
ZE{(Sigma-Aldrich, MO, USA)ZE &J3}3}o] Ultra Perfor-
mance Liquid Chromatography (UPLC)E AF&-3le] #2435}
Ak FEEF @Y, o}3l(apamin) 18|32 XX E
ylo}A] A, (phospholipase A,)= A]Zw}H(Sigma-Aldrich, St,
Louis, MO, USA)ZF-E #9439 2 mgmLE Y50 A
Ae5 5L EE ARESte] AFEATE 4717
= PDA (photo diode array, Waters, MA, USA)AZ&717} &
2% Acquity UPLC I-Class (Waters, Milford, MA, USA)E
ARE-Ste], Table 13 22 ZH 9 24 2022 260 nm
o] AZ ool AT A5 el Weld, ofgt
9 el A obA| A0 TS 77 BFEFE
4 A8l delhte vae} Blaste] 63.9%, 2.3% 1
3L 10.9%% A= ATh(Fig. 1).

AETF 9 x|

S12EY a7 5% Salmonella typhimurium TA100,
TA1535, TA98 % TA1537'0 B EYER 974 #72
Escherichia coli WP2 uvrA '™& Molecular toxicologyA}
(Boone, NC, USA) 278 ¢ F (F)lL vddA+
2(Yongin, Korea)ollX] @dHgt & At wjs AS Al
Aol AR&atATh Aol ARESF #59] {2 542
Z 7Fsst Eddo] 132 Table 29 2l EAEAH
ANEE e #59 A el 2.5% Oxoid Nutrient
broth No. 2 (Thermo Fisher Scientic, Waltham, MA, USA)
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Table 2. Genotype of this study used Salmonella and Escherichia
tester strains, mutations in their histidine operon plus additional
mutations

Tester Strain Genotype = Mutation Plasmid Reversion
event

; Base pair
TA100 hisG46 rfa uvrB pKM101 substitution

. Base pair
TA1535 hisG46 rfa uvrB - substitution
TA98 hisD3052  rfa uvrB pKM10  Frameshift
TA1537  hisC3076  rfa uvrB - Frameshift
Base pair
WP2 uvrA trpE uvrA - substitution

£ AFESIIT. HAMIAlE 1.5% Bacto agar (BD, Franklin
Lakes, NJ, USA)®} Vogal-Bonner medium E (Institute for
Systems Biology, Seattle, WA, USA) % 2% glucose
(Sigma-Aldrich, St, Louis, MO, USA)E &3 22 HE
Zlqlel 25 mLA 55 AL ARSI, E coli= 0.1%
L-trytophan 9 (Sigma-Aldrich, St, Louis, MO, USA)S
0.25 mL/LZ H7Fek A& A&-313ith Top agare= 0.6%
Bacto agar®} 0.5% NaClZ ZA|&QCH, S, syphimurium
8 top agar?llTF 100 mLE 0.5 mM histidine-biotin !
(ThermoFisher Scientic, Waltham, MA, USA)S #7}3}o]
i F3HA

T3 BE 3 $A I

HjoFek o Wil I mL I dimethyl sulfoxide 90 L=
7tete] ¥E B3-E vlo|dol 29 MA AL RASHS
om, PHo] gl @ #59] vy FHOIEE A7 A
ol AH-g-3tATh 72+ #5 tisted Maron and Amese]'?
ol Fote] Al skt

CHARZS A

S9 mixture= Aroclor-1254 (Molecular toxicology Inc.,
Boone, NC, USA)Z §%=¥ 47 Spragure-Dawley #=
o] 7h& ARSI, @A kS 355 mg/mL o] H,
—15°CollA] B#A3}A T}, Cofactor= Wako Pure Chem (Wako
Pure Chemical Industries Ltd., Osaka, Japan)= A}-8-3}1
A, AR IH(-1~10°C)3FA T} S9 mixture 1 mLe] ZALS
8 umol MgCl,-6H,0, 33 umol potassium chloride, 5 pmol
G-6-P, 4 umol 3-oxoacyl-[acyl transport protein] reductase,
100 pmol sodium phosphate buffer (pH 7.4)Z 3} o1,
ZAgE S9 mixture= Dol A AMESISAT

NESH HE| B

AAEE] A2 FEe AV 2 AR e
HHoR 5 59 Aol st vELT 1 e BaE
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Table 3. Concentration of purified bee venom in plates

Tester strains S9 mixture Concentration (p1g/plate)

TA100 + 15 5 15 50 150 500
TA1535

TAO8 - 0.15 05 15 5 15 50
TA1537 + 5 15 50 150 500 1500
WP2 uvrA - 15 5 15 50 150 500

AHE-Ete] DAL Al 28 B BAE atoll AlE=E S A
st 42 A4S AR AA 3 tH(Data not shown).
A F oA E 55000 pg/platee] 8 A F== A2 et
Rom, AldED A2l A top agar?t EFT W H Yt
Al Al Foel] Jd A AFE AEsh mEkA, £
ATl M= Table 33 o] A@+S A, 4 2
RS e, T 9 3 e HuS AMS

of Algstaitt.

AESE Ma| 3 B g5t

AP EZ ] A2+ direct plate incorporation WHOZ
AA BT Al FFE master plateZFE 20 mLe] A
w1 A](2.5% Oxoid Nutrient Broth No. 2)° %3l shaking
incubator (37 £2°C, 120 rpm)°lAl 10 A7+ A wj<F 3}
o, A WS v w5 3 600 nmollA] FEE S
Bom AATE AET F AP AR wrkx] W
HASAT &% 45+ 2°CE FA8k= dry bathol] 22 &
T tube (12 x 75 mm)°l] Z4Z7] BdS top agarsS 2 mL
A B3 v S9 mixture 0.5 mL (THAFEAIA] B &8 A
o= S9 mixture T4l 0.5mL2] sodium-phosphate buffer,
pH 7.4), el 0.1 mL, 85 &4 0.1 mLS E3staL
Al vortex mixer2 2-3%%F 13}t minimal glucose
agar platec] o] ojg] Wow 7|go] AT Hmg &
Al stk oS A ol
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Results and Discussion
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Table 4. Reverse mutation assay using Salmonella typhimurium treated with purified bee venom

With S9 mixture Without S9 mixture
Tester Strain Treated Chemical
Dose (pg/Plate) Colonies/plate[Factor]a Dose (ng/Plate) Colonies/plate[Factor]a
0 148 + 4 0 143 £ 11
1.5 112 +3[0.8] 0.15 128 + 5 [0.9]
5 117 £6[0.8] 0.5 132+ 91[0.9]
TA100 purified bee venom 15 118 + 14 [0.8] 1.5 123+ 1210.9]
50 108 + 15 [0.7] 5 116 + 13 [0.8]
150 68 =13 [0.5] 15 125+ 1210.9]
500 - 50 -
0 11+3 0 11+1
1.5 9+310.9] 0.15 13+1[1.2]
5 8 +310.8] 0.5 11+£2[1.0]
TA1535 purified bee venom 15 10£21[0.9] 1.5 8+11[0.8]
50 8+£2[0.7] 5 10+17[0.9]
150 8+210.8] 15 9+2[0.8]
500 - 50 -
0 28+2 0 211
1.5 25+ 17[0.9] 0.15 16 =2 [0.8]
5 27 +471.0] 0.5 18 +21[0.9]
TA98 purified bee venom 15 24 £ 4[0.8] 1.5 23 +2[1.1]
50 24 +£21[0.9] 5 21+4[1.0]
150 24 +4710.9] 15 19+21[0.9]
500 - 50 -
0 11+£2 0 11+1
5 11+1[1.0] 1.5 10+21[0.9]
15 13+3[1.1] 5 9+37[0.8]
TA1537 purified bee venom 50 14+£21[1.2] 15 9+2[0.8]
150 11 £3[1.0] 50 7+310.6]
500 15+3[1.3] 150 4+11[0.4]
1500 - 500 -
Positive control
TA100 2-AA 1.0 961 + 36 [6.5]
TA1535 2-AA 2.0 149+ 11 [13.9]
TA98 Bla]P 1.0 270 420 [9.7]
TA1537 2-AA 1.0 153+ 4[13.5]
TA100 SA 0.5 613+ 11 [4.3]
TA1535 SA 0.5 214+ 1419.5]
TA98 2-NF 2.0 305 23 [14.5]
TA1537 ICR-191 0.5 162 + 6 [14.3]

a) Three plates/dose were used. No. of colonies of treated plate/No. of colonies of negative control plate
Abbreviations : 2-AA, 2-aminoanthracene; SA, sodium azide; B[a]P, benzo[a]pyrene; ICR-191, acridine mutagen ICR 191
—: uncountable

Am ZAES top agart T o BE T4 A X, S, typhimurium®] S|=ED 8743 5 TA100,
Serolu} o] AFALA At FHAF AoE BE TAI535 2 TA98 & thAFEAA]l 2& Al 500 pg/plate A,
S| EolA ot 7]EF o] HEEA Fokom, HHEdAN = 50 pgplatedl A A E 5 o] HFE G OH
AABE=L I = 2 S9 mixture] TS Q5] TA15379 A= AT Al F8 Al 1,500 pg/plated A, Hl
A%k ZHElEAA wAE Qo= g ke veht FEolA= 500 pg/plate oA M E=Ado] HEE AT Table
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Table 5. Reverse mutation assay using E. coli treated with purified bee venom

With S9 mixture

Without S9 mixture

Tester Strain ~ Treated Chemical

Dose (ng/Plate) Colonies/plate[Factor]a Dose (pg/Plate) Colonies/plate[Factor]a
0 24+3 0 22+£2
5 22+21[0.9] 1.5 22 £4[1.0]
15 23 +4[1.0] 5 20 + 3 [0.9]
WP 2 uvrA  purified bee venom 50 29+2[1.2] 15 13+2[0.6]
150 25+2[1.1] 50 21 +3[1.0]
500 26+2[1.1] 150 11 +3[0.5]
1500 - 500 -
Positive control
WP 2 uvrA 2-AA 6.0 123 +21 [5.2]
WP 2 uvrA 4NQC 0.5 92 + 8 [4.3]

a) Three plates/dose were used. No. of colonies of treated plate/No. of colonies of negative control plate

Abbreviations : 2-AA, 2-aminoanthracene; 2-NF, 2-Nitrofluorene.
—: uncountable

4). E. coli WP2 uvrA°|X = thAFHAl 218 A 1,500 pg/
plateol] A, ¥ &8 A] 500 pg/plate |4 /‘1]_-_ ol HEE]

ATH(Table 5). 3 ZE FAURTAANME EH A
o] AAE AUtk Aol AR 5 7 4= 3 600 nm
A FFE TR AdadF 54 A 0.53~3.51

x 10(TAZF) 2 1.18x 10° (E. coll) CFU/mL ©]%loH,
BE ZHolE ¥ AW ARFE 05 10°CFU o]4o]
Stk AR AEe B wEsldlon, BE A2
Fol M UAHEAA A8 ool Hrgle] AW A2
2ol B2 U8 8 S qehi wston, o 2
A7 AR, B2, 1B

e
£9NF F Ay NBS 371 Ak,
3]

R A ) r{r
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