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Analysis of Nitrosation Inhibition and Antioxidant Effect by
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The most representative nitrosamine derived from nicotine, nitrosamine-4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone(NNK), has been reported to cause lung cancer in A/J mice. It has been also demonstrated that NNK-
induced lung tumorigenesis involves O°-methylguanine(O°MeG) formation, leading to GC — AT transitional
mispairing during DNA replication. Our in vitro experiment, modified from the method of DBA assay, examined
the ability of phyto-extract mixture to inhibit the metabolism of nicotine to nitrosamines. The production of
nitromorpholine from morpholine was inhibited about 75% at the concentration of 20 mg/mL of phyto-extract
mixture, which was lower than vitamine C and green tea powder. NNK, which is a pro-carcinogen in laboratory
animals, is hydroxylated primarily in liver and lung by CYP 1A2, 2A6 and 3A4. A critical phase of NNK
activation is its change to an unstable metabolite methyl-diazohydroxide via CYP-mediated o-hydrexylation; and
then it provides a methyl group to the DNA to form DNA adducts which can easily induce mutations. Aroclor®
1254 was used to induce CYPs in the liver of a Sprague-Dawley rat. The ability of various test samples to inhibit
CYPs that participate in NNK activation was evaluated, following the removal of the liver from the rat.
Microsomal CYP1A2 catalyzing the conversion of NNK into strong carcinogenic chemicals was inhibited more
efficiently by phyto-extract mixture than green tea powder. These results indicate that phyto-extract mixture can
be used to reduce O°MeG DNA adducts for chemoprevention.
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Fig. 1. Metabolism pathways of Nicotine and NNK in human.
Oxobutyl diazohydroxides( ¥¢ ) and hydroxybutyl diazohydroxides
(#) form DNA adducts via pyridyloxobutylation and pyridyl-
hydroxybutylation, respectively. Methyl diazohydroxides (*) form
DNA adducts via methylation.
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NNALZ o} 71eg dIEZER IRIHUY. YEEA R
2 mjd EARNAE 20ug, 7HE FARNAE 60 ug7tA
=& Jupie NNK= ZHa #oA] 22 Cytochrome
P4SO(CYP) 1A2, 2A6, 3A4 EA0) o8] SAHEHo) g4k
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ol YI¥7](CH, group)S 5=°1 DNA F7MEEOMeGrE ¥
AAReRA EARCIE fx, A7 dAYdE fEste AL
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Table 1. Effective content of phyto-extract mixture derived
from eight plants

Name of component Effective content

Camellia sinensis 40~80%
Morus alba 5~20%
Gingko biloba 5~20%
Apium graneolens 1~10%
Citrus limon 1~10%
Malus pumila 1~10%
Glycyrrhiza glaba 1~10%
Citrus unshiu 0.5~5%
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o that §&FeFeffective content)yS UER AT
VEZAREY M4 AT 23 AHE-¥ morpholine(tet-
rahydro-1,4-oxazine), sodium acetate, KCN, chloroamine-T,
barbituric acid¥ Sigma Co.(USA)|A], acetone Merck
Co.(Germany)°l] +93ATh =8 CYP &4 A5 A
A Fat fEE 7 FEFES GV] H8k 17EY ¥4
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Phyto-extract mixture2 5] phenolic compoundES &2
high performance liquid chromatography(PLC)Ho 2 #2] -
A TH®, o]uf A3} high performance liquid chroma-
tography(Young-Lin M930, Korea)®] Z=7-2 Z%: Jsphere
ODS-H80 4.6X150mm LD.(YMC, Japan), ©]54: 20 mM
KHPO,20mM HPO, (pH24):MeOH=3:1(v/v), F:
1.0mL/min, FX%: 10uL, A&71: UV, 3 280 nme) Ut
L|E2A T E2(nitrosomorpholine) A4 2xls £4

ob&Al, oAt JAHE EE EJ9MEHE, B olF
2 UEZA ggol=, YEZA %, F784% ofdit &
3 (inorganic metal nitrite  complexes)®} 7Z-2  nitrosating
agents7} ofFl e g A4S ¥dele SIFgEF vESSE
o HHY EFQl YEEAN Ex NUEZA IES ¥
A o AEFZE T AR phyto-extract mixture?} ©]
g 2y 22 F4E AAIStERY tiE] ZolR At in
vitro A8 FH3HTE V=53] Al 5,087,6715"(polymers
for scavenging nitrosating agents)E FZdte] AWM Y=
g tA=Eed ZEYE HE5= DBA(Direct Barbituric
Acid) W@ 7tAaZntET o] HAE EE 2 4
Yol B-&3HATH.

E AdoiMe JA4EA AAQ phyto-extract mixtureh
A HzZoE HEW C 2 7IEEE AMREdh 2 uk
SAEY F=E 25, 5, 10, 15, 20 mg/mL °)oH, REH

H718kA] @3 NaNO&t HF 200 mMHAA 71 A&
AU2E)eE A3 74 vl NaNo, S A7t
A e AEE AP (blank) o2 AR ST
7zt MIEAEE FEEE 15mL FHO B35, o7
A 1mid F71sh 282 2M NaNO,Z 100 Ly
HPTE AT FEA Artstal, $FFE HEF9Ut 2
mLo] HE% 3t 37°ColA 108 T ¥AZ ¥, &
ZdE 176 uL Hrtsle HF BEY F%7F 2Meo] HA 3§
fem, A 37°CAA 308 T AR 2 o 5
N NaOHE 3.8mL #7Ist9 pH 10~122 %o ¥hg-g ¥
A% £, 7] AEES DBA WHoE EAS. WA,
1.5mL FH Z A8E 500ul® sk, thA] 250 ul
9] 4M sodium acetate buffer(pH 4.7), 100uL®] 1.5M
KCN, 100 uL®] 04M chloramine-T, 500 uL.¢] 78 mM bar-
bituric acid(in acetone/water(50/50, v/V))E <AUZE A7 13t
of, 1027 2 EFde. o] EFEE 20201 100
pml =2 158 F% Zrkste] whEAZ] o, )7]9] 100 uL
9] 1M sodium metabisulfite® 2] ¥H-& FAAZ H,
490 nmoll M FE=E FA
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NPEAEY 98] NNK A48l #AAshs CYP 549
g4 JdA =S B4stzal, WA Aroclor 12545 Sprague-
Dawley ratsoll FAkste] 7+e] CYP 84L& #=% H, 7+
Hzaath gFe AP EZ diste 758 R B
Aroclor 12542 500 mg/kg 302 FARBIIIL, FAF 59 &
7+ AZdto] 4°CS) 0.15M KCl1 §9€ ¥ homogenizer
2 72 BN o dAE 9000X golA 108 F<t &
AAS AR H, FFHE FAA °ol§ CYP FE&
24 o2 248 FAol ARSIk CYP2B1/2/49] 712
pentoxyresorufin(Sigma), CYP1A12] 7]& <l ethoxyresorufin
(Sigma) @ CYP1A22] 7]"4Q] methoxyresorufin(Sigmays ©]
23] CYPY SAHEE 2431t} Phyto-extract mixture®]
CYP B4 9A%5-& B437] 935l phyto-extract mixturet
rat 7Ho2 REJQ] CYP 355, 12|32 Z} CYP 8489 &
ol&¢l 7|AES o435t HRZFLEE /HFEFAE olf
Ron 7lde] i os EiEd vehe d3S RF-
5301 PC spectrofluorophotometer(Shimadzu, Japan)2 5783}
o g4 gAL vt 7 ¥kgelA phyto-extract mix-
ture FE+E 0.1, 0.5, 1.0, 2.0 mg/mLe] HEE A, 7+ 3
Zdo] gia ke 500 ug/mL °iUch Z CYP 712 4
AgAS 2SUME THE FH, WAldlE FHF 25nMo] HE
2 st £2E48 AREE B-NAD(Sigma)e 0.1 mM =
A APsgen, wg $EgdozE= 50mM Tris-HCI(pH
742 ol g3l HF WHg Furt 1mLe] HEE 3, 37°C
oA 208 wkEsIY. whS-g FA3] H3le] HgE 2mL
2 71 F, 2000 pmol A 27 B Y4l st A
& spectrofluorophotometer2 #4338l CYP 4 84& &
Fsdct. =3, <4 1§ RECO® System CYP1A2E ©]
£33} phyto-extract mixture ¥ 7FEE3to] o T B4
IAS-S BB E4 SR 242 05uM CYPIA2,
02uM NADPH P450 reductase, 0.5pg/mL CHAPS, 0.1
pg/mL  liposomes{dilauroyl = phosphotidylcholine,  dileoyl
phosphotidylcholine, dilauroyl phosphotidylcholine(1:1:1)},
3mM reduced glutathione, 50 mM HEPES/KOH(pH 7.4)°]
93, LA OZE 1M potassium/sodium phosphate® A}
£33}, 768 uLo] 33 BEEFT, 126.7uLe] CYPIA2 &
89, 53uLe] 1mM WEAIFAFAE H7HE 950 pLe]
£A2 37°ColA vl 71Edvh. 483 85l 71E
Eg}tlo] phyto-extract mixture ¥ 7IEEAE HFEE7F 01,
0.5, 1.0, 20mg/mLe] HEF 5uly H718HAaL, o719 5
pLe] CYPIA2 &4 E39s} 5pL° 50mM NADPHE 3
7FeE ), 37°ColA 208 F<F WHESIGTh Wk AlEe] 1mL
o Wgheg Yol w2 FAF F, spectrofluorophotometer
g olg3lo &4 E4E 3T

st 55 &4
g3l &% 4L AR #HZA DPPH(1,1-diphenyl-2-
picrylhydrazyl)$} SOD kit(Wako, Japany& ©]-83% O, scav-
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Table 2. The test method concerning O, scavenging effect

Tested item Main test Blank test
Reagent Sample (S) Blank (B1) Sample blank (S-B1) Reagent blank (B1-B1)
Sample 0.1 mL (sample) 0.1 mL (distilled water) 0.1 mL (sample) 0.1 mL (distilled water)
Color-forming solution 1.0mL 1.0 mL 1.0 mL 1.0mL
Enzyme solution 1.0 mL 1.0 mL - -
Blank solution - 1.0 mL 1.0mL
Absorbance E, Egp: | SN
SOD 4 X (A & %) = (By~Ey~B,)—~(EEB (B, ~E, ~B) X100
ing EIE - i = 8]
enging 23} phyto-extract mixture?} ThE oJ2i7tA] Ald 100 —4— Vitamin C

=

3 AeubEe oS3 72 DPPHE olehed) & 2:1
X2 2X10* ME ZAAA AR

Ao gakslA 7 DPPHS] 1/10 = 21 9]
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=

HAES oz APt DPPHY| scavenging &¥}ol T
=
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< B3 HoFEnh de SA A
78 &35k, AZRE FEE(523nm)e] HskE F4s5t
&S Atatsich

SOD kit?] ¥#les ZAFel(xanthine)o] FAHE-S-AlTholA]|
(xanthine oxidase)”} 283l 0,7} AR} A4E O, =
F&3E NO, TB(nitrobluetetrazolium)Z F-gsted Lank-g
< ERWAT superoxide dismutase(SOD)H B4E 0O, A
ASS 7 22 Qs o o) AAt. o224 A4
g3 0,9 AXNeE 4T F Utk 0, scavenging T
g ARRe g vk ZF AR 0.1 mbel 04mM 2
AHELOIM QA 2 (pH 8.0) 1 mLel 0.048 uniVmL
AR SAITolA] 1 mLE A7 & EHT F 37°CelA
2087k 7Fe3l 69 mM sodium dodecyl sulfate 2 mlE 3
7¥ete] EANEE AAAZ $ 560 oM FBEE 54
3t B Ulx2o 2 H|asta, 49 Ajeke] FHAL
598 Wyew 2t AAME WES Table 29 2t}
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B A9e A vae 2 guje] fe8e Asted o]
2 3w =T F e 71T (catechiny® EGCG(epi-
gallocatechin gallate)?} 72 phenolic compoundE<S Th# 3
F3 Hahe BE, goke AANEES o]&3lod, ghille]
ARl et B3 2 A AAlGe] Holdh EFFE=
A)Z38tA ) Phyto-extract mixture Yol {3 = 732
HAEL BA3E7) 93y, RS dF2Fo2 d HPLCE
o} 431 A3 thdata not shown). = A3}, B QoA
9} phyto-extract mixture®le F4+3} 2 FEAmo)o) St
ASS Ave deg 45d #F=2ME (quercetin®] 56 ng/mg
SeEol e W, 7HEERY Fol SmglME ARAE
9] peakE AET & YUY EF phyto-extract mixture®i
EGCG % 7H)Zl ol dut =xinct 238 ¥ ®e) g5
of 9l Aoz BAHY]
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Fig. 2. Inhibitory effects of test samples on nitrosomorpholine
(NMOR) formation from morpholine.

Nitromorpholine was measured by DBA method in the presence of
vitamin C(#), phyto-extract mixture(Hll), or green tea powder(@).
The conversion of nitromorpholine from morpholine was inhibited
about 75 by 20 mg/mL of phyto-extract mixture. Results are
presented as means of duplicate experiments.

Phyto-extract mixture0f| 2|gt LIEERARER HY K|
Fig. 2= 71%4 <5940 phyto-extract mixture®] A &k
o e YEZAuEY A4 A4S vERd sloln. iz
ZogE Zgo] g Wl Ve B dE weAs A
7 ZEre A% AdA F23 7Ies sk viH
1 ¢, 282 s 943 ol AFHE 7HESAE A
435lch. A9 A3, UEEAREY P4 JAF) et o
5 E719 $44& phyto-extract mixture>H| BT C>7FF5
o] 20|, phyto-extract mixture, HJE}R] C Z18]aL 7}h

22312 717} 20 mgmLeE F7IE weolM YEZARE
2 AAEL 21.410.034%, 40+£0.034%, 223 63.110.007
%2 phyto-extract mixture”} TS A|ZE] W3] 2~3v14
T B 2% UEZA A AdAFS BEAd HIE ojzlg 2
7t in viro Qo) = Zlo)7]& &ANE, phyto-extract
mixtureS T3 ANFERAEC] in vivolN= A9+ AR
HEZAR 34 AAlsS Be

2 Zlolghe 7hs/de BolFsivt
Rice-Evans S@& & - 21E 49} phenolic compound&©]
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Fig. 3. Inhibitory effects of test samples on the activities of
Cytochrome P450 enzymes in Sprague Dawley rat liver
microsomes.

Cytochrome P450 enzymes were incubated with an NADPH
generating system followed by an addition of phyto-extract mixture
(A) or green tea powder (B) for the indicated concentrations. The
employed substrates were as follows: PROD, pentoxyresorufin
dealkylase(CYP2B1/2/4, @ ); EROD, ethoxy-resorufin dealkylase
(CYP1A1, H); MROD, methoxyresorufin dealkylase(CYP1A2, A),

wh-g-/do] Zhgh Abdr(reactive oxygen)® &AFHo 2 A g}
31 3133, Payas® phenolic compoundE©] wHg-Ado] 7}
3 chlorine & &2 02 H|gtiy B3g vl o} o
23 717 geEE9) 7FEAEE AAeRe Rleg FEw
ot 3 9l&H, ©lE phenolic compoundES S nitrite
(e.g. HNO,, NO)ZH-E] F#igt wkg-"do] 713t nitrogentiol
AANE #AAQslElet AtgETh 3], PannalaZ®e P
phenolic compoundE°] peroxynitrite®] 2]3} tyrosineol T3}
A8 JAAZ LTS in viro AP BuF bl 9o
o, o]E& E3S phenolic compoundE©] nitric oxide AHH|%E
AATFGE B3Rt By o), ascorbic acid® nitro-
sation ¥ nitration RF§- A, 223 peroxynitrited]] <)+
nitration SAITE AU in vivool| A WHAJ] 733 nitrogen
Foll digt F9 Hojexz BygEnt ok 28y ascorbic
acide 919} Z+-& 4 EANAE nitration F-S deamination
o} oA|Fo] YF3 AT BAEUTGD,

£ Ao phyto-extract mixtures TUo HEF (=
AhET AF3] & el tet phenolic compoundS-&
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Fig. 4. Inhibitory effects of test samples on the activities of
reconstituting purified cytochrome P450 1A2 enzymes.

CYPs were incubated with an NADPH generating system and the
activity of the purified CYP1A2 in the presence of phyto-extract
mixture(lll), and green tea powder(@) of which concentration range
is 0.1~0.5 mg/mL were analyzed. phyto-extract mixture of 0.1 mg/
mL showed almost 99.9% inhibition efficiency against CYP 1A2.
Results are presented as means of duplicate experiments.
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Phyto-extract mixture®ll 2{8t CYP &4 &4 X
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Zolt}, Zolle o33 FH CYP 2450 Z7] & 715
S 77 glow, E3], CYP 246, 2B6, 2C8, 2C9, 2D6,
2El, 2F1 §2 UIA®E IZEJOE ditsted #old
TpE® FZ2AHA pro-carcinogen® 2 A5 o]4EE NNK
£ ZH oA CYP 1A2, 2A6, 3A49 <j3) &Adsidr). 2
Aol A= phyto-extract mixture®] 2}t CYP &4 &4 o
A& =952 A WA, ras] 7 Aroclor 1254(polychlo-
rinated biphenyls)E A3t CYP ®4e] A4S =%
H, 7k 2E2Fo2N 0mgmly 7+ 32 Sd S Al
t}. Fig. 3& CYP 47} &¢d 7+ 35 ]
23 CYP 712 AEAHLFH, dEAH L
g A HEAA L BHS B
phyto-extract mixture= 7753}l HIS|, Al
Bl A9 9¥F CYP &4 84 JAF
o2 7} CYP &E&d 5ol¥4 71d& F8) &4 phyto-
extract mixtureo] 23+ CYP &4 &4 JAI5S B3] 9
ate NNK| tAb EAslel] #ojshe CYPIA2 4 84
oA A& 35 thFig. 4). Phyto-extract mixture®} 7}
Fx=zd] 93 CYPIA2 &4 AL "z BEX3F A7,
phyto-extract mixture= 0.1 mg/mLolA A AT ax &

o ofy
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Fig. 5. Scavenging effects of test samples using DPPH.

The scavenging rate of DPPH for each test sample was measured at
523 nm with incubation time course in the presence of, phyto-
extract mixture( ), or green tea powder( @ ). Each test sample
showed fast scavenging activity against DPPH free radical during
the first 5 min of the incubation period. Results are presented as
means of duplicate experiments.
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Fig. 6. Scavenging effects of various test samples using xan-
thine-xanthine oxidase-induced NO, BT chemiluminescence.
The xanthine-xanthine oxidase-induced NO, BT chemilumines-
cence method was employed to analyze scavenging effects of vari-
ous test samples against the superoxide free radical. After reaction
was completed, the absorbance of each reaction was measured at
560 nm. Control experiments were performed with 0.1 mL of dis-
tilled water. Results are presented as means of duplicate experi-
ments.
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