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Abstract

This study was performed to investigate the antimutagenic and antioxidative activities of pine pollen with
respect to the microbial mutation induced by various mutagens such as 1-NP, daunomycin, 2-NF, MNNG, NaN3,
4NQO, 4-NOPD, AFB,, Trp-P-1, 2-AF and oxidative mutagens such as +~BOOH, H0-. Pine pollen, originally
extracted with hexane, was reextracted with 70% methanol. The results obtained using the methanol extract, in
terms of the antimutagenicity observed in relation to ten kinds of mutagens, showed that it exhibited 17.8, 82.2
and 80.9% inhibitory effects against daunomycin, AFB,, and Trp-P-1, respectively, in Salmonella. typhimurium
TA98 and a 72.3% inhibitory effect against AFB; in S. typhimurium TA100. In terms of the antimutagenicity
exhibited in relation to ~-BOOH, a 72.3% inhibitory effect was observed, but no antimutagenicity was observed
in relation to the other mutagens and strains. The methanol extract was further fractionated by chioroform, ethyl
acetate, n-butanol. In S. nyphimurium TA98, the chloroform(150 ug/plate) fraction showed strong antimutagenic
effects of 55.6%, 93.7% and 93.5%, while the ethyl acetate(100 ug/plate) fraction showed 11.4%, 74.3% and
85.2% in relation to the mutagenicity induced by daunomycin, AFB; and Trp-P-1, respectively. In S. typhimurium
TA100, the chloroform and ethyl acetate fractions showed antimutagenic effects of 95.1% and 62.5%, respectively,
on the mutagenicity induced by AFB,. In S. #yphimurium TA102, the chloroform fraction showed an
antimutagenic effect of 93.6% on the mutagenicity induced by ~BOOH.
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Table 1. Antimutagenic effects of 70% methanol extract of pine pollen against different mutagens in S.

typhimurium TA98 and TA100

Cone. Inhibition rate(%s)
Mutagens 5% S9
(ug/plate) S. typhimurium TA98 S. typhimurium TA100
1-NP 1.0 - 23+17 36129
Daunomycin 1.0 - 17923 NI
2-NF 5.0 - 3.1=£1.1 1.4+0.8
MNNG 0.4 - NIV 39*+14
NaNj3; 0.5 - NI 04%20
4NQO 0.5 - NI 2.5+24
4-NOPD 10.0 - 3.7+28 1.8+1.9
AFB, 0.6 + 82+1.2 72.3£2.1
Trp-P-1 0.4 + 80.9L1.5 NI
2-AF 1.0 + 1.7£3.9 0.8+4.2

1 . .
)No induction.

Concentration of methanol extract of pine pollen of is 1.0 mg/plate.

Table 2. Antimutagenic effects of solvent fractions of pine pollen in S. fyphimurium TA98 and TA100

Fraction(concentration)

Mutagens Strain CHCI;” EtOAc” BuOH” Aqueous®
(150 pg/plate) (100 ug/plate) (200 pg/plate) (1.0 mg/plate)
Daunomycin TA98 58.6+0.7 11431 6.8+0.2 -34x16
TA98 89.7£2.6 75.6+2.1 10.9+0.2 -38=xl15
ATBI TA100 93.4*+14 614+*1.1 54x1.8 -1.6£03
Trp-P-1 TA98 88.2+1.3 87.4+19 -56+24 46+29
Uchloroform, Yethyl acetate, © n-butanol, ¥ water.

Daunomycin(1.0 pg),

AFB(0.6 pg) and Trp-P-1(0.4 pg) were added to the plate, respectively.

Values are meanststandard deviation(n=4, 2 plates X 2 times).
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Fig. 1. Dose-dependently antimutagenic effects
of chloroform and ethyl acetate fraction of pine
pollen on the mutagenicity of daunomycin and Trp-
P-1 in S. yyphimurium TA98, AFB, in S. typhimu-
rium TA98 and TA100.

Daunomycin(1.0ug), AFB;(0.6pg), and Trp-P-1
(0.4 pg) were added to the plate.

%3} 3559 g a7} 307

dEolA|o| E B3 E2 daunomycin, AFB;, Trp-P-19]]
o Fx=H SdWold dlsiA 2tz &7 oEF e
2 dAES ¢ 5 Itk

4. 83 FEEQ| HtEN sEciHo|E

H,0,% +BOOHZ R wAlg zzgrjze s
typhimurium TA102$} TA1049)| 2] DNASAHS Lo A
EdRolE FEA7| =, ol2ld AT AIRAIE ©1 &
st 4 ArlstEA S A & Qlvh S pphi-
murium TA1029} TA104 TFF5 o] &3l H0.9
+-BOOH®)| 9J&] 242 fr =g Astd &
%3} 70% He-EFE 57 19| SujEEES AR
}E FES A Table 37 22 AHE At 53
70% wEre Z2ZE(1.0 mgplate) S typhimurium
TA1029] -BOOH 2] ol A7t 16.3%2] S o] o
AgHes JeWNQL, S yphimurium TA102U}+ TA104
9] Hy0, A2l Fv} S nyphimurium TA1042] ~BOOH =
gl e Eddo] JAEHE VYeRA] Utk S
typhimurium TA102914] +~BOOHd| =¥ EAWo]
&l g RYE = F2aEE F8E(120 pgplate)
£ 94.8%2] EAWo] A EHE JeRAaL, dEo}
AElolE EEE(100 ngplate), &2 FHE(200 1
g/plate)?} & FEE(1.0 mg/plate)ol| A= 10% ©)3}<
@e 2dwio] A4 AAE R o8 g Ade
agld Edold Y3t dA &R E YeEE 84
Ho| tEo] FRREE BB 835 &
AlAFEHE Aeolth

g £8E F =d¥o] dAEHRE VeI 2R
2EXE RYE9| yrddd fE Edwo] JAad
g 1) 93l ER2XE FHES FEE 1 g
platec]] A} 120 ng/plate2 Fx} F7} AlAH Bl o
A EIE v matgen, 1 A3t Fig 29 2o} 22
BEXE BB ¥E7} 10 ugplaed o) S0 o
A)-&-& 19.7%, 30 ng/plated ™ 38.4%, 60 pg/plate] wj
71.9%, 90 pg/plated ) 86.1%, 120 pg/plated = 93.6%
2 5% ZVld] g o] JA & BF 5= &
Aoz Frhsteh

oj# 3t AWNEL $3E gL 580 FREF
£ REE Fd FHPALES AYATE Fataty
FEAoIAAe] e AREC] FHHA S A
2 dAseg A% @484 2 - 530 B
A7t FeElojol & Aoz AR EE vlo|th. Hart-
man 5702 A A FEARY F 7t
AFste AF Fo EAdls FitsiAle s &
FE A She BEAIRA Fastthin e vk gl

5
o



308 A

REERE R

=2 FQFIIA

Table 3. Antioxidative antimutagenicity of 70% methanol extract and solvent fractions of pine pollen in

S. typhimurium TA102 and TA104

Strains S. typhimurium TA 102 S. typhimurium TA104
Mutagens -BOOH” H0,” +-BOOH HO0;
(Concentration) (2.0 mM) (100 mM) (0.2 mM) (20 mM)
70% MeOH 16.3+2.1 -49+238 -0.7+1.2 1.2+24
CH;Cl fraction 94.8+1.6 - - -
EtOAc fraction -41x19 - - -
BuOH fraction -29+24 - - -
Aqueous fraction -1.0x0.6 - - -

? tert-butyl hydroperoxide, ® hydroperoxide

Concentrations of 70% methanol extract of pine pollen, CHCl; fraction, EtOAc fraction, BuOH fraction, and aqueous fraction

are 1.0 mg, 120 pg, 100 ug, 200 pg, and 1.0 mg per plate, respectively. Values are means =standard deviation(n=4, 2 plates X

2 times). - is not detected.

t-Butyl hydroperoxide
100

Inhibition(%)
] g 8

(]
Q

40 60 80 100 120
Dose{ug/plate)

Fig. 2. Dose-dependently antioxidative antimu-
tagenicity of CHC1; fraction of pine pollen on
the mutagenicity of t-BOOH in S. typhimurium
TA102.

tert-Butyl hydroperoxide(2.0mM) was added to 50 uL.
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