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Abstract

This study aims to find the correlation the low-molecule fucoidan for cancer prevention with an accelerated formation
of cotinine. In the presence of fucoidan, a nicotine to cotinine coversion was studied in established assay, direct mixture
method and Hep-G2 cell line method. Fucoidan of 1 pg/mL showed the potential effect for converting nicotine to cotinine
in the direct mixture method compared to control. Increase of conversion rate at the treatment of fucoidan is exhibited as
15 times compared to control. In Hep-G2 cell treatment, fucoidan showed the potential activity for converting nicotine to
cotinine as 6 times compared to control. Therefore, fucoidan was shown to be effective in the conversion of nicotine into
cotinine even though it is not higher content of polyphenol and flavonoid than its of green tea extract.
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M 2 ] 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone(NNK)Z 2] T
g Ao oAlstel HEel WA TN A
< SAro|# YF E(nicotine) S 2 =4 E29 & © 2 B3EAcHBrown S 1999; Brunnemann & Hoffmann 1991).

71eE T, AR E2HA & A 2 AS, 4, 25 HHAES ©]-83t nicotine?] H3fls Hi2= s 3gHE0]
FEEH ot 47, ZAAFF Ask HERd, £, 9= U SR 0| ERT} E@'E] l':i} —’F%% 9 =35 Z3gE
A5 8T Ask H Ao, 2 4 Ak da Y 4%, &7], 2uzt 5 A &
& 3FS W3th(Schroeder SA 2005). FHjol= o8] £He HA AthKyung & Lee S 2000; Kim 5 2002; Park S 2003).
nicotine, nornicotine, anabasine, anatabine 53} 7+ alkaloid = o] 9 gAjule} e 6HZE = o 7lAkE ZHe ggEU)
slstEdEo] A5, F54& 2= 8 £ 2+ nicotine Z3E o] 1L, 714 A= AU FEES AR v

o] t) E A o]tH(Saitoh 5 1985; Steinberg 5 2006). Fulj o] A E3= 850 9= Aoz U4 A thHeinze 5 1993; Jang
52 gutd o g QAo siFrha gBA jlen, 1 F2 T 1995). 7o A& F ol Aol gxl Ao
221 B2 nicotine 2.2 H 11%]31 JtiHuang 5 2012; Sridharan Z = fucoidan©] QI Fucoidan-S Ascophyllum nodosum, Fucus

M

5 2011; Théle & Schlitt 2011). Aol &A= nicotine2] 70~ vesiculosus S} 22 ZAZ2=9] 7 AR S 7 38 3
80% AT+ cotinineC 2 AT E o] kr £ 02 vH|ESHHByrd 3l Q= thgdFo|th Fucoidan2 XA o7 il &
S 1992; Caldwell 5 1992). T3t o] 2§t nicotine2] cotinine 2 Abetd, AR Sutdo] 7HRE A 2go] &EA ok
2 9] ABLE nicotine 7+ TAKIE Zof| A 7123 &3 (Berteau & Mulloy 2003). 3} fucoidan2 macrophage A|EF
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Q1 RAW264.79]| A4 lipopolysaccharide]] £]3t nitric oxide2] Y
A3} =3 nitric oxide synthase®] W& A a3/} 11
EQth(Yang 5 2006). 1 8} ©. 2= Z}ALA| Z(apoptosis) =
of 9%t g}, o) B A (S-HIV E3), 3F£FA], At
3128 So] QlthFortun 5 2001; Mauray 5 1998; Saito S
2006; Tatiana 5 1998).

H A3Lo|| A= nicotine?] cotinine?] AZHAL7} AFESH &
Fo|gkS 0|83} nicotine?] cotinine A& a3 L dFALSH
B 29sua sk

ol

ME o

TG &L % v EAHL = v 22
. ZAE 100 g& 1,000 mL Z750) £
, 100Co A 2417 mRtsto] RGO A TS F23HK
@2 WA 74 29 - AlA
Lo IEH *lii o]-gst3itt. &zl A
Aoz AAsH| flal ojzeto] 50 mM CaCl, 4L 7}s}
u% 4152 (Hanil, Supra 22K, 32 4|7
AASD @ olTtle grelolagA
(Pall, SLP-3053)01]A1 g9 @ty TFo|ThS At
Faoleke] ARASE HE IR A A71RE P
(Contact Glow Discharge Electrolysis, CGDE)2.2 3} th A
e Zgjz2F 500 mLoj & AZ3t LEAE IFA
713, YZIATE REE 5 e Bl 2 A= AEE v
A= st en, 270l 50 umel Ha4e F5o=
T, W 1030 mm WFHE SFo2 AgSc FA
A AR A3 A7) Esfste] 30 kDao] AEAS H &
ot RS AMgSITH

l':UFUlo_?E_,_,

2. HPLC A2HH

AR ] nicotine TS TheT} o] Z}ITHKyerematen

5 1990). 2FL JAF AH(YMC-Pack ODS-A, Pore size 12
nm, Particle size 5 pm, length 150x4.6 mm)Z ©]-&35}1, 7]
7]+= high performance liquid chromatography(HPLC) A|A¥]
(Waters, Korea)#} z}2]4 7Z7](Waters, PDA Detector)ES ©]
831o] 2451 A2 E Eo &2 £ dichloromethane &
2 Z2Z3}9] dichloromethane 231 & Zof tf|s}e] B35
t}. Nicotine ¥FE1} ZHZEA|ZHRT; retention time)d} HZE T
29 UV TS wlsto] 34 2 Bk Fesich ol5A
© 2= 100 mM sodium perchlorate”} $H-7-¥ 10 mM sodium
phosphate(pH 2.6)/acetonitrile(70/30)2 ARE-3lHon, §&£2
I mUmin2 shieh £4418 UV HE7]9) o2 254 nm &

07|18 S A E G FEHE A

= mAste] Agstec

Nicotine®]| 4] cotinine2] A&52] =42 Ghosheh 5(2000)
o] wpye MASte] AXSHC HPLC 24 AT UV 22
e URY 3 ST Y5 skt Al® 3 mLoj
dichloromethane 2 mL2} 5 M NaOH 0.6 mLS 7}3}aL, 1587+
SR o 2,000<gol A 5 AR skich davks
£ ©]85}9] dichloromethane 52 €8 B4l o3, o] 54 &
o) 0.5 mLE 7F3ho] thil 9l geolo = Bysteith o4
S 2= triethylamine©] -5 0.1 M sodium phosphate/methanol
(vv, 90/10, pH 4.7y AFE3tE o, 842 | mLming 8+%
t}. Nicotine®} cotinine®] AESA|7HE ZHzF 228 9 72 0|Qith

3. ZHE80l 2§t nicotine 2lls

& 7 0]+9] nicotine®]| 4] cotinine 2.2 2] E.3} A=<= nicotine
I A Z(1 mgmL)E A £33 & cotinine?] YAFS =
As}Rk 1.5 mL 29 10 mM2] nicotine 200 uLe} A 25
e oko g 33t & 37Co)A 0 min, 30 min, 60 min L
120 min o] A|2E 3|45} A= cotinine?] %42 HPLC
2 29510 R0 © B3 2589 Ho HEL B
| ngmL2 shch

4. M= |=|H°*01| O|8t nicotine Eills &3
A B E 0183t nicotine w35 5750 AR AEZF=
ﬂ%’\ﬂi bﬂc’ﬂ Al 2% % ZEA| 3ol A fr-2f3t Hep-G2 *ﬂ
FE AMgsIg o, 45Ut uieRst 2N ZE 1 mM nicotine
0] 3531 5% FBS7} 7@7}% DMEM(Dulbecco's modified
eagle medium) v ROl A 1L7F v st Tt vlSE Ao A
22 0.1 mgmL, 0.5 mgmL 2 1 mgmLe] EE2 H7}sho]
Az O b 2 b 93 R WStk AR wE T
wleolt AES Sl4ate] cotinine HPLCE H3Hict. 4]
Z= 4o B3ty PBSE 3~43tg] Aol o, ATdnS
ol g3te] AZE 4A3ATE 44 AEL PBS 100 pLo]
HErsle] 22u} B4 7](Vibra Cell-200; Newton, Conn., USA)
o A Tha5hck Thafe AIE W wjokele cotinine HPLC 7
FRlol 2AstA A RS A28l cotinines FF3HAT
A2 LR 52 FEE(100 g& F75= 80TCollA 12 A7k
| EAA2)E ol gkl W 2Rt Faolet
2280 A ¥ 2% | ngmlE 3t¢th

e ‘l)l‘ oX, O

=
=
L=

-Zi‘ 4o+

5 & H= PE. =3

Z HE 3E T2 Folin-Denis B (Dewanto 5 2002)
2 o] 23t ARE | pgml SEZ ZAS T, A= 1 mL
o &< 3 mLE #7)8}aL, Folin-Ciocalteau's phenol reagent 1
mLE 7K F 27CoH ERGAE 5B F NaCO; E5HE
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o | mLE ol BFste] ALoA | Azt HAF F 640
o4 FFEE ARG A AR VP BE
ferulic acid®] SES o] §5t] AL 2HAste] FseT.

flo

6. & SR 0|E A

A& 0.5 mLof| 10% aluminum nitrate 0.1 mL, 1 M potassium
acetate 0.1 mL L ethanol 4.3 mLE A} 2 7}3le] &5},
A2 A 4087 WAFE thE 415 nmof| A FFE=E SAF]
St} Quercetin(Sigma Co., USA)S EZEZ = dlo] & Za}
BlLolE THFE AASHH tHMoreno 5 2000).

-

7. DPPH 2iC|& A7 &AM

DPPH 542 Padda & Picha(2008)2] HI¥S Mg sl A}
23}k A2 FEE 1,000, 500, 250, 125, 62.5, 3125 L
15.63 ng/mL =2 34319 96 well plateo]] 100 uL% 3}
0.01 mM DPPH £H-& EaF 7}3ke] 25T ol 4] 3057+ ¥hgA]
71 %, 517 imol A FHES SR 2 AR
oS WSt FUES S5t A2 DPPH 2]
7 27 BHL ofelY A2 ol gste] AnstEow, 2t N
© 33w Agsheeh

DPPH 2ttjzt 274 84 (%) = (1-A/B)x 100
(A: NEH7IEY &3, B: J219 §35)

8. SH &4

AlF] Aato] 2AEAL SPSS 32 TH(version 20.0.0, Chicago,
llinois, USA)S o]-5to] B 0 RZWAE Fokelch 18
7e] §o)2el BARE B4 Hsto] p0050] feles
57 dHEXHE X (one-way ANOVA)S A A|3E &, Duncan®]
T 9] 74 ¥(Duncan’s multiple range test)S o]-&3}o] 7
Ealviee

=}

2t o nH

kl

1. ZZ =80 28t nicotine Edlls
$310|9] nicotine A A A5 Ao FH3t cotinine ]

=2 Fato] ABPUL olgste] stk Faio|
7

Al Q] 1208 Fo] %= nicotine?] cotinine 2.2 2] ZHg}E]
e 11 ngmLE g, 1 e AF 302 60
F 2743k 275 ngmLe} 7 ngmL 2 A|7bo] HakoA
nicotine?] cotinine 2. 29| AZFL ou] J= Z7}= e
WA Atk AR Tl H= Al 308, 60&

o e AF 7} 727

Is]
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=]
o
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Fig. 1. Conversion effect of nicotine to cotinine by
mixture with nicotine and fucoidan. Values (mean+S.D.,
n=5) with different letters (a, b, ¢) in a column are
significantly different at p<0.05.

2 1208 %9 cotinine?] %2 Z+ZF 12 ng/mL, 51 ng/mL L
170 ng/mLZ =X =]t} Nicotine?] cotinine &2 9] A ZHF2
27 302014 603 AT} AHOIA oF 4vi7} Z7FakL, 120
A7 AN E 1497k S7hstel BAHOR o3 9
F7h $A1E Ueitkp005). P4 ERo 2 AHgTH
A FEE0 B9 30&, 607 % 1202 $°] cotinine 2]
o 77+ 14 ng/mL, 34 ng/mL ¥ 124 ng/mL2 =A = ich
2} 225 A 7o) 23t nicotine?] cotinine 2. 22| A¥F H=
= 27] 30204 602 Bt AlFolAl oF 2ul7F Srskl
(p<0.05), 1202 73} AHOIHE 8Hl7E Z7kste] o] gl
27t 20 Yehglon, x0T tult 271 Hwrt
kt}. o]3]3t A3}= nicotine Q] cotinine & 2 9] AZlof T H 0]
o] avE F31 itk A ZAE AlFskL vk $32
ojto] A& EASHA] Y= tE Lo A= nicotined] F3E
29 Ao7t mj$- =¥ AL &+ AAUTh AIFE 307 A|-e
Al 22 5 ngmLo| Y, 3o ML 12 ng/mLE
2 o= 28] F= =2 cotinine?] <Fo] ZE|GloH, A
7ro] ZTpstHA 602 Folli= 75, 1202 Folli= 1589 F7}
£ Ho] T F0)H9] nicotine #3 A7} UERGTHp<0.05).
4 YRPoR LG B3 2EEo] Hlske] 0% U 120
ARoMLe S0k ZhzF 1.58) 2 1.38]9] cotinine F
240} 4} 222 ¥ &I} S43t Ao B
A cHFig. 1).

" 4 o2t rlr do

O fr o2

2. M= H{ 0| 2|8t nicotine E5lls SA

Hep-G2 M| 252 o] &3 Al o AAoA= AHE7t
o] Aol FARSE cotinine A4 = E o] T2 i ThFig. 2).
Az vigFell o ZF AZbe7E A aete] whaeba d7tEo] Al
EZ o]l =2 = nicotine®| cotinine . 2 A3E = oFo] Z7135}
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Fig. 2. Conversion effect of nicotine to cotinine by
fucoidan on HepG-2 cell line. Values (mean+S.D., n=5) with

different letters (a, b, ¢) in a column are significantly
different at p<0.05.

k. 2 AFoIAE 3A7HA ) cotinine WS Ega

Sop, 71 ol AZhfelAE AL o] F75HA] et
thData not shown). ¥ 7] &2 HLE 1X]7h 24|17
9 AH F2 A 3774 247 8 ngimL, 10 ng/mL W
17 ngmLZE &3 & o], A|7to| ZI}5HH A nicotine] cotinine
ome] AR o] Y F7H UERIR ik AR
F30lcko] AL Al 1A17E 2417 E 3A)7E $9]) cotinine 2
oo 7F7h 23 ng/mL, 54 ng/mL = 98 ng/mLE ZA =t
Nicotine2] cotinine .2 2] AgFS 27| 17 oA 247t 7
I Ao A oF 2u7F S7ESFRAAL, 3AIZE Bk A A = 4
W7t Z7ketel ou] Qe Z7b 228 e RITkp<0.05).
P DEFOR G AL 2B AL 147E 207
9 3A)7F 2o cotinine2] %2 Z+Z}F 20 ng/mL, 44 ng/mL LU
58 ng/mLE2 ZSAJE U 2 =25 Aol &% nicotine2]
cotinine©. 2 9] A Hr = 27| 1A|7 oA 2417 A3k A)H

ol 4 o 287} Z7FBHA, 3AIZE AT A HOIAE 3t

7¥ste &Jm Qe 57t —rxlg HEH Q12 L(p<0.05), 0]
ot thH] cotinine?] Aol Z71 =7} FQhchFig. 2). 3t
H, 3old W =3 FEE9 AP Ao AR AA| Yol £
&to] o] nicotine?] cotinine AEO 2 23t AlFo] e =E
AAst7] Yske] A=A 9] nicotine®] TS ST 23},

Table 1. Nicotine content in fucoidan and extract of Camellia
sinensis (green tea extract)

0|t Wl =3} 2Z 2o AF nicotine®] AEZE A &t
TH(Table 1).

Fojch Wl =3} =
59 T H= EY SR 0= T 5717 nicotine
o] Haf avket ojd Aol U=AE gotir] st Zt
7o) e 245tk Faolgel 3 W oK} Set
HlLo|=9] g2 7HZ) 4.540.07 mg/gd}t 2.540.04 mg/go] ]
3, B2} 2259 T2 ZH2)F 74.542.9 mg/gdt 20.843.4 mg/
go|$AthTable 2). =2} 5529 ¥ d= AEY FF2 &
FolgtH} 168 A= 911, & Seti o= = $5
ofekurt 8 A= 7 Z4o] HTh Nicotined] Halls2
oslel ABANT MRS o83 Bajsol =
F3o|do] =2 2EE tiH] Edfsol Hojwten, 1
= U= A& 93l & & glsith ohet JdEolA
AL a7t Hojd Ao s 4 HE IgE ¢ ST
o= RS SAT A, =X FEE0] #e, ojHgt
=< o] nicotine £l 5= #H0] gle AL Hth

4. DPPH 2iC|Z &

TR} =3} 2550 gAksks-S DPPH ahelz 47
o2 24st TR0 HA} 2E80) YA 5%
Table 37+ Z¢tch SFo|da} &3} &80 JAS 5%
7k7t 36% Y 70%0] AT} Table 29] Ao} Lo =3} 3

2y

or

flo rlo oIr
r

N o

Table 2. Tatal polyphenolic and flavonoid content in fucoidan
and extract of Camellia sinensis (green tea extract)

Total polyphenolic Total flavonoid

Sample
P (mg/g)" (mg/g)”
Fucoidan 4.5+0.07 2.5+0.04
Green tea extract 74.542.9 20.843.4

D All expressed as mg of ferulic acid equivalent
2 All expressed as mg of quercetin equivalent
Values (mean£S.D., n=5)

Table 3. DPPH free radical scavenging activity of fucoidan
and extract of Camellia sinensis (green tea extract)

Sample Nicotine (mg/g) Sample DPPH inhibition (%)
Fucoidan 0.0+0.0 Fucoidan 36+5
Green tea extract 0.0£0.0 Green tea extract 70£3

Values (meantS.D., n=3)

Values (meantS.D., n=5)
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91T, Ak AL F v ek Beprio)s
e TH

243k AE djArY] #ig) dan
HETA Ago do] wojgith ®
nicotine- elastase 2] E-H]E ZRIA|A | Z(alveolar) +Z& T}
Ysto] #7)F0 o] 7]ofsh=s A2 UA UTHBenowitz
1988; 1996). Nicotine2 FZZ 0 2 th&dlo] A YoA o7
ata S0 oo ASyS AX g2 diAHkEe] A4
Hed, "ol GF At o] R A A, RS 7hell
A A Lol E3F nicotine?] THEE-S cotinine 2. 2 T
At=]o] vl & E Tt Clarke 5 1995). Cotinine-2 nicotine cholinergic
receptorsOlli= A 40| gle AL= dHA Ut Abood
5 1983). 3t cotinine2 TEA|L}F AR a1E Yo ¢
AL 2oFE 9L 517 % FthKeenan 1994). Nicotine
9] cotinine & 2 8] HhAL= AFSHY AEFH A ANE F9| sht
ot} w2hA] nicotine®] HARS YAl Aol A= 4teha]
Eg 2o o3 Sz /o] F7HETL & 4= JIrKVellosa
T 2007). wEbA] FHOR QIg AW AEA AEHA AHE
¢ oo A FAEA7E B2 Y] 2A =g &
o ok fotEn, AAle g g9 B2A dEols 4
3t a50] e EEtEkolEY EYds A Eo] o
Eol it 53] 5ats EYdE W STE 0|t FEE0
o8 AE59 st A8 w2 ALE dA Ut 1
Z 7HIX1Y] B9, FAAEY nicotine 2 1gH 7F & o]
gt ele e F= Ae2 BT YokChung FL
1999; Desjardins & Grenier 2012).

E A AT}o) A THo|TS 7]Z) nicotine?] cotinine 2
29 A% gyt dEA e =2 FEEET O HE50]
St Aoz yEgoy, I 7] #eiAE & 4 /il
th =3} &89 H$ % nicotineS cotinine > 2 A33trt=
BI7} glovy, Baje] oW YRS g AL ofx7}
%) ol vt g, chuk et Bepnio|s HRE
oL} 7]et RSl 25t Ae 7FsAdThS AFskaL JITtH(Yeo
T 1995). 3HA|FE & A QAT A= F3o|HY H L, 53
S0 Hlste] ETuE E SR ol AR o] F
I, EZF O QIR Mtk HA] ol wEbA FHAks}
Bl 2J5}o] nicotine| cotinine 0.2 HMIHE T T 4= ¢l
it} B AlY Ao ool FH0]eke] nicotines] cotinine ©
29| Aghsol tigt AS5S stler, ol 59 EXA|=A
9] 7|9 HAXNE FEET T 7154 AELE T3
o FA] ARG 7HssieHE 716739 e ok & 4= 3l
o shARE 1 7)1 9 A Zef At e FF UM 97
7} 9ot Ao Azdr.

y

ok ¥

o) el A wzf 729

o OF
L =

2 Aol A= nicotine 3o ATt thste] FAE F
de] Faolhg ol gatel ATUOIA F B 9 AE
Z A& o)A nicotine?] cotinine 2.2 2] Ag=S =A%)
2 3 A2, 3ol 1 ug/mLof| A Al7to] gt
o] WA nicotine?] cotinine 2 2 9] A3 P& 7} th= tfv]
7t AIE &2 A4 15819 F7HeS UErl it
A|23-& o]-83t nicotine®] Halls AlF 2, AlE FT& A
Ao A g2 iH] 6819 cotinine Z7H8-& UeERY ST <k
d 2= AMERE B2 255 thH| nicotine Z8f 5
T3 Ao g FrE G 2y S3o|He] Aikete
7 #EET} uIsto] deron] S R 7 Bt
Sl 9 Eehpiols AR oA Ustch B AE A
Ul vl= 33 0]9h9) nicotine?] cotinine 2. 22 A3
of gt U5 stgler ol 5 X 482 T £ Y=

A £z AR

ol
32

e I Ho
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