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I. A&

FFFAEYOIE  (glucosinolate) = HlF, BRI A e
At AEe] o dREol Sl oJAHiAMIER  thioglucoside
dZFolt} (Fahey et al., 2001). SFFIAEUOIELE 2EA|o A9

=]
-T=
AeAA e A A ANAT, ABA 2Ho] egE A

= =5 of
myrosinase (B —thioglucosidase)®l| 2J3] A% 7l5-E&7F dojdtt
(Cottaz et al, 1996). oW pH, &% & 7F¢Fds =A%

SFIAEYCIES HARE T wet A= SFIAEEE
FajakEe] FF9 Aol EElA+=4l organic isothiocyanates, organic
nitriles, organic thiocyanates, thiocyanate ion S©°] o]o] a3t}

(Fenwick et al., 1982, Fenwick and Heaney, 1983, Cole, 1976).

FFIAEYCIEs gty or A% Jhy, AH A AF *F,

adxn &3k #HAeld myrosinaseol  ofE ThEEE]l H o

FIAEHOE EaatEo] A AT (Fenwick et al., 1982, Shapiro et

al., 2001). 53] 43 #HY FT A HCIH dide] Fd dF2

FFIAEHCIE FEafatEe] APE =W Fast 93s vt (Maskell
°

and Smithard, 1994). SFIAFHYE EiE EujAdlS5 ko]l =12

Bapgke]l 377 22 HololA] AR w2/ S5EEg BE BFALEO]
FAI STFES VA= =Y SFIAEIIES A S5 #sk
A= A B organic isothiocyanates® &4&9] AAME %o uz

depitts e ¢ 5 Ak a9y olHE o] A47F organic
isothiocyanates® 1% 3tAY, 2 &4 W myrosinase?} 7 tjokst

gRFAsdolEs EFH AEAS Folde] F4%e B8t



(Slominski et al., 1988, Slominski et al., 1987, Mennicke et al., 1987,
Conaway et al., 1999). wlx 7/|HZA FFIAEYOES T4 d

gArE cSshed ojegol k.

Aguks Fost sEAYd wEw, A3 Ay A FAVE
S7bstal, A S22 o] Frastw, 1 A Vsl o]l
A=Y, ol SFIAEYCIE oipibEe o8 dgst Aow
RAAY, SFIFA=YCE Ea4ikE T goitrin? organic nitriles+
AT EA FFS vAE BEHLE IEHA o ol 2 A
QR ol FFE FaANA IEAAL AVI7F Skt A ZEES
o] AasteEd #oldttt (Heaney and Fenwick, 1995). 3k ofye}
thiocyanate ion< #AAAOZE FU¥E Q0= oo HWEHE HEE

S7IAA A z2R29 S Asfsttr. Ed 11559 thiocyanate
ione AN ZEE FAHAAAH FT 22T FU|IE AHATOEMHA

A g2 29 S whefstt) (Erdogan, 2003).

Az Aol 2d, &4" AEA AoERYH uekst
=FIAEYOlE  HaAtEEel dAHIY. THE=E A WA
=eTFaAEYelEY HAE Fxe wet AAdEE dAmbES] F5, £ ¥,
gelstd  wd wma debd gow  merh qeg AA e
=FIAEYOIE dAket #HE A F5 AAolth wepd #
ATE FUelA v AnjEHE SFIAEUESE Fxdd wEt E73H]
& 4% 9] FFIAEUNES A skl wAS A 7}2} 2]
=T IAEYO|EE Wistar ratel A7-Fol g F SFIAEHOIEZ}
WA GE8E m A= EEAER UAbE A Felskr] f8 Sad



JAMEE 2] 5% (thiocyanate ion, cyanide ion, organic isothiocyanates,
organic nitriles, organic thiocyanates) & @3 oA A} o] & F3l

AALE Fxo e 2FIAEYCIES &4 9 uAtE vlustazt s

MqET

1 8}

TU



SFIA=HOE (B —thioglycosides N-—hydroxysulfates)+ 3o

B —D—glucopyranose® @7 ZiAtE x5 7= =Zolth
AArE gtehA] Fxe wel FFIAEYES B 120F o]/
ted), FE A9 FFIANEYO|EE Brassica & 250 @o]
o] 9l aliphatic,  —methylthioalkyl, aromatic, heterocyclic
FAEdo BT Fuel 2EIAEAIEE T2 AAHT ABL

AAA AAgel= 35070 ool &3k 30007 o)del Fol
xgrEol e, 1 FANME  Brassica %°] %ol AnH|E= Holth

(Fahey et al., 2001).

=FIAEYCIEE AEAS ddst e e AFstes BE4A=E
ST IAEYCIEL ZheddalE o AAEHE B4 wet 1 579 &
ko] A HET (Fenwick and Heaney, 1983). SF3IA= E
s 8 EHEA AR Y AEA dx FFY 9 1
(Rosa et al., 1997). A=At AEANAE e, o, 7], A &
Foel  wet  SFIAEYelE gkl gekstdl, Kok A

AlElolE gEFol 10 %7k F7kdth olelel: A& A e o],

F5 olahe 2RI EUIES Fhsm gov, Ay

2
FIAANEYCES Sl A7V Arabidopsis thalianas



4

WAt (Fahey et al., 2001).



=TFIAAECIES By e FEHE AEAL] Ax A E
Atk AR AFEe Thy, AFRE, At Tl A=A A=o]
Zhl A Al A A7) g Eo] IR AAEo|EYE BEE
o] uf o} M A7|Hel =ASIE myrosinase (4 —thioglucosidase) &
EHjHo] SFIaA=HClES} A= Jiewsrt AlFdEd. webA
FFAAE | ES o] o x]aL ERisils aglycone
W, o]o] aglyconed
7o EefalEel A EH.
=T AAEdUelE  FelAtES  pH, =& T JkERd 2439
FFIAEYCIES Fxo ugt 1 FHe 2Ao] ZdEltt (Holst and

Williamson, 2004) (Figure 1).

(thiohydroxamate—O—sulfonate)©] Al

sulfate”] whA "ol o=zH kst F

Vi =0 EAd2 YA E aglycone®] Lossen rearrangement=
AR organic isothiocyanate’} A AT o= 73] =A% pH7F
$8Yd AF FE APHE =42 AAFS AE 579 99 evs
|53t} (Fenwick and Heaney, 1983). o] &2 vlw7 <kgstA vt
B —2ael  hydroxylZ|7}F Qe AS degFor  EQbYstr]  wEel
AAAHA 1837 A E o] 5—-vinyl-2—oxazolidinethione (goitrin) ©]
e EAE X7 indole”|Q] ARl EMAsEE AdAo=®
walE =, o] W thiocyanate ion®] AL HIFHSE indole—3—

carbinol®] FA ¥t} (Fenwick et al., 1982).

Organic nitrile> A ZAGA A HE EfiaEzR Fe?' o o

od
ftlo



W=t} mekA 3 & S, FEE, Ao Ag R ES A2 AES AT
W =2 A EE EZojtd (Daxenbichler et al., 1980). Epithionitrile
BAAE S FRY g 'V o]ledToer AAHY =,

epithiospecifier protein (ESP) % Fe?fo] &7 &A1& AL 3 o]9

A7be S8k thirane aElE FA T (Tookey, 1973). t9
AES ARES AFelA A=AV A7 EdAlE Ed organic nitriles
A= Aol BAEJANE, nitrile forming factorell tidl A Es}A
U2 vk gtk (Holst and Williamson, 2004).

Organic thiocyanater =FFIA|EH|ES T4 FaAitES ofy A4t
Thlaspi, Lepidium, Alyssum, Coronopus 5202 F3F AX o oA
dAE wp Qo ¥NF ol Thilaspiarvense A otS AREsh AF of A
oAz = H AN e 2% FHo] 2-propenyl thiocyanated] AAHE
S7HA 71+ Aol TEHEQUTH (Fenwick et al.,, 1982). 349k organic
thiocyanate®] /g7 del oigt JR= ob# FHaA Wrax#] gk
=TFIAEYCIE HAE T s 'A gole AT HE
organic thiocyanate7} A/d¥7] Hvk= Fo] AR, o]Zlo] Ao
SR = okttt (Lithy and Benn, 1977). Lepidium sativum= AF&-3t
Ao e AEA ZEE thiocyanate forming protein (TFP)S #2]3F ¥
ofu At S AT A3 ESPe] =2 dAwAdo]l AT A
& TFPE A3k

£ S o
thiocyanate @Ao] &<l% At} (Burow et al., 2007).

¢

, benzyl FFFIA=HOIENATE organic



S—Glucose N SH
R . ) R + Glucose
. fi-Thioglucosidase ~
NOSO3 (Myrosinase) NOSO3
Glucosinolate Thiohydroxamate-O-sulfonate
‘ -H,S0,

pH6-7 pH 3-4; pH 5-7 (tissue
dependent: nitrile forming

factor? Fe*)

R—C=N
Nitrile
Aliphatic and aromatic,
indole and B-OH nitriles
Crambene R = CH,CHOHCH=CH,

R—N=C=5
Stable Isothiocyanate (ITC) i
Unstable Isothiocyanate
Sulforaphane R = (CH,),S(=0)CH, |
Erucin R = (CH,),SCH, |

Iberin R = (CH,),S(=0)CH, R—CH—CH,~N=C=5 Ry CH—N=C=5
OH
B-OH-isothiocyanate
W Indolylmethyl-
Spontaneous Ri  isothiocyanate
Cyclisation
-SCN
R :l \
I R ™
OYNH +Ascorbic acid | : CH=0OH |
i i
s |
5-0xazolidine-2-thione ! N i
Goitrin R = CH=CH, #
1 i

Ascorbigen Indole-3-carbinol (13C) I

3,3-Diindolylmethane
then trimers, tetramers, etc

R—S—C=N

Thiocyanate
(mechanism of formation not clear”

Epithiospecifier protein 7
Fe?
R = alkenyl

HG-CH—(CHy)—C=N
s

Epithioalkylnitrile

(depending on plant tissue and

proximal double bond)

Figure 1. Glucosinolate hydrolysis and the formation of GLS-BPs (Holst and Williamson, 2004)
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3. 2RIAEANEY A 29 L FF

ARSI A E0 AFH Al AReEs dubdoR SR A EYUCIETL
myrosinase$} RF&3H= 3 WAl dAlolt) ZEEA| 22 AAT H=E
MRS Fs] ol A AR AS AR g A7 AMgEHEY AW
H W& 9kol organic isothiocyanate TIAAIZ}F WA E =T, o] Z3-E

AzEE] ToAS ¢ 4 ok (Shapiro et al., 2001).

FAEYOEE AR Tl EEHedH A TR,
2] Ul myrosinaseel 9§ ke, Elal Al mdEel] st
Bal7F olet #HEoe] 9t} (Holst and  Williamson, 2004).
FaAlEYolEe Al HCIE Adsta, 2o SFIAEHONEES
25t Ao, AhHE RalEde o] SFIAEHONE FxREE
Row AT HEI s ARE A ARG
=2FIAEYCIES FalFo] EX F7FsEt (Maskell and Smithard,
1994). &zt elAe Aoy Astaie] e AEA W
myrosinase®] 93] FFIA|EHIEY EalE % Qltl. Myrosinase’}
st @ AFurE A A= BAMEE wiekst A%, myrosinase”}
=245 @ AT AFHE A= WAAAE Bu g o EajabEo]

}
A e

i
)

%

o

rol

z7190 ARy HFHEES WSSt A3 myrosinase
FA 39 B33 A9 o7l ¥ & Aoz #EEATE (Michaelsen

et al, 1994). #rt ofyz} A vA= FFol digh Aol shd,
AFeb= AT H#HAY Al AHAFS] 60 %ol sEshe
golEZE WA ok AHE ZdEdou, WA=
HolEE AT & gt (Holst and Williamson, 2004).
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om
r&

AWe REof &AW

Aol M, B7HA AL

(Mennicke

isothiocyanate TAFE
oj-g- gepA = Zlo]
isothiocyanate &}
Aol =
T % FE7F 294 wrell FHaA e =ERARE
phenylhexyl isothiocyanate® 7d-% 8.9A|ZF Tholl FH 1]
Y3t phenylhexyl isothiocyanates= A7 Fo%e 7 £ 1 @7} &AW O E,
47 £ 14 %7} oz vjAd ¥ 9 o1}, phenethyl isothiocyanate: 77+
Eojgko] 89 + 2 %7} &AW, 10 + 2 %7F tiwo® WA el
ArE T2 7
dAo] A or Fstr] witel] "o me] Fvl =g, thd
HiEo] 49, AWS F3 oA Zo® F59v (Conaway et
al., 1999). isothiocyanate $] 3l AkE 9

5ol @ ATE S P55 Aol

Y organic
of wel FFE&ol
1987). =4

CRERE

=
Z=
=

et phenethyl

s

al.,

phenylhexyl isothiocyanate® phenethyl

Au
A

=

isothiocyanate®] 7

hui
QS

+

Zo]7} 71 phenylhexyl isothiocyanate?] +

=0 sk A& =
Organic =T IAEH O E
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STFIAN=EYUCIEY AY &3

4.

A s ol E

H
n-
ol

1o},

el

4 A

e AkEo] st A= F=F organic isothiocyanate 2]

At (Terry et al, 2001, Talalay and Fahey, 2001).

A 71 o St

3R

o)
o

).

fi’e)
N

—

<P

=
;ﬁ

2 #EEAY (Tripathi and Mishra,

o4 &% thyroxine

Els

o e
e 4

=
2

Fobet A

BH
Lkl

2007) (Table 1).
(Tpo &
7 5-ll

o

Zo] wrAE <}t (Papas et al.,, 1979).

| —
R

R IER R

-
R

e 3717F BigElA A,

HollX =

!

md
=

Zo] WALt (Heaney and Fenwick, 1995).
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Table 1. Biological effects of glucosinolates on animals (Tripathi and

Mishra, 2007)

TGIs*
Animal (umol Effect on animals Reference
g* diet)
Monogastrics
Rat 3.3-4.4 Reduced intake and Vermorel et al. (1988)
growth
7.7 Depressed intake and Vermorel et al. (1987)
growth
6.6 Poor gain, increase thyroid Wallig et al. (2002)
weight and changed
thyroidmorphology
0.5 No adverse effect Bjerg et al. (1989)
Pigs 1.3-2.79 Reduced feed intake and Bell et al. (1991)
growth
7.0 Severe growth depression Mawson et al. (1994)
9-10 Induced liver and thyroid Bourdon and Aumaitre
hypertrophy (1990)
10 Induced iodine deficiency, Aumaitre et al. (1989)
Hypothyroidism, reduced
boneand serum zinc
content andalkaline
phosphatase activity
0.16- No adverse effect during Opalka et al. (2001)
0.78 growth, pregnancy and
lactation
2.2 No adverse effect during Roth-Mailer et al.
growing period (2004)
1.3 Reduced gain during Roth-Mailer et al.
finishingperiod (2004)
Poultry 5.4-11.6 No adverse effect on Lesson et al. (1987)
intake and gain
2.3-8.18 No adverse effect on Marangos et al.

weightgain

13
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Table 1. (Continued)

7.6-15.3 Severe growth depression Thomas et al. (1983)
34.0 Severe growth depression  Pearson et al. (1983)
0.9 No adverse effect on intact Se’skeviciene et al.
andgrowth (2004)
4.6 Reduced feed intake by Se’skeviciene et al.
0.09and gain by 0.12 (2004)
levels
Rabbits 7.9 No apparent adverse Tripathi et al. (2003)
effect ongrowth and health
of broilerrabbits
17.9- Severe growth depression CSWRI (2002)
25.3 andincreased mortality
Ruminants
Calves 1.2-2.4 No adverse effect on thyroid Anderssen and
and liver function of calves  Sorensen (1985)
Steers 10-15  No detrimental effect on Bush et al. (1978)
growthand feed conversion
of steers
Cow 11.0 Induced iodine deficiency in  Laarveld et al. (1981c)
cow
11.7- Depressed feed intake and ~ Waldern (1973)
24.3 milkproduction in dairy cow
223.0 Reduced intake and milk Ingalls and Sharma
production in cow (1975)
31.0 Thyroid disturbance and Ahlin et al. (1994)
depressed fertility in cow
Sheep 1.2-2.2 Weight loss during lactation Mandiki et al. (2002)
inewes
15.0 Reduced growth in lambs Thomas et al. (1984)
17.5 No effect on intake Hill et al. (1990)
butincreased thyroid weight
inlam
33.0 Growth depression in lamb  Tripathi et al. (2004)
<4.22 No adverse effect on lamb Derycke et al. (1999)

performance

14



Table 1. (Continued)

24.22 Induced iodine deficiency Derycke et al. (1999)
and influenced thyroid
weight and histology in
lambs

1.2-1.6 Reduced plasma levels Mandiki et al. (2002)
ofestradiol provoked
reproductivedisturbance

Fish 2.18 Reduced growth by 0.15 Glencross et al.
level (2004b)

19.3 Severe growth depression Burel et al. (2000c)
andthyroid disturbances

TGls: total glucosinolates

15



AAAAFTHEAY L] JTS vA = Ao dHA v SFIAIEYCIE
Fa| A& o = 5—vinyl—2—oxazolidinethione (goitrin), organic
isothiocyanate, organic nitrile, thiocyanate ion®] It} 53] goitrin¥}
organic nitrile®] A$ Ao E Qo7 FYUH= AL oz

WA FAE ST A SEEY FEs AN Alew

N

#2529t (Heaney and Fenwick, 1995). Thiocyanate ion< 22 =9}
B #AES ste AoR dyx e, AR fidE 29

=
ojgo] WEHL %

;

goiter®4] #-gsh= Aol v FT (Astwood, 1943). EFF 159
thiocyanate ion A 328 34 H4d T 29229 {73=
AsfAl oM A T2 FAHE WEliske Zlo] ERIFHY
(Erdogan, 2003). Thiocyanate ion® #4AE A EALS Qe B
A RS Aow 20rE HFY S O AL @3 S
dhd o goitrin®] WHEARA A Qe = AFH T #TAGle] eI E
Lot HFow TS ¢4 & glok webA goitrind w9 7FE g
HEAMA B2 = v E ¥ttt (Fenwick and Heaney, 1983).
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1. 438 A=
1.1. A8

Il v AHlEI Qe AAstE AEAE adste] ZARE
TFzo] wEt 4% FFIAEYOIES A4St (Table 2, Table 3).
Sinigrine  Sigma—Aldrich (St. Louis, MO, USA)°lA G35}
AFE-3F9 T Progoitrin, glucoerucin, glucotropaeoline 2zt AJ#o] o]
EgEo] vt dExl ARSI AEe Ao EFE Rtk

Progoitrine Brassica napus L. St (oFA]o}FEH, Seoul, Korea),

O:

glucoerucine FEruca sativa Mill. RSt (o}r|o}EH, Seoul, Korea),
glucotropaeoline  7Tropaeolummajus L. At  (ZF&Y,  Yongin,
Korea) 2 ¥ ettt Aok 79 F ARE AXd7MA $3E#
st EFEA|eFO® AFE3E progoitrin potassium  salt, glucoerucin,

glucotropaeolin potassium salti= ChromaDex (Irvine, CA, USA) A

SRIC S
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Table 2. Selected glucosinolates and their breakdown products

Glucosinolates

Corresponding degradation products

Organic Organic nitrile Organic
Trivial name R-group isothiocyanate g(R_ CN) thiocyanate
(R-NCS) (R-SCN)
.. . S
Sinigrin Allyl as” %C“ﬁ‘ﬂ/\//’ NW N\%\cxs/\///'
(R)2- | S}\\ OH .
Progoitrin Hydroxy-3- GLS/\H w9 /I\/ -
/
butenyl OH \’ky NZ
4-
Glucoerucin (Methylthio)  se ™" Neg P ™~ A NPPNN
butyl
S“\‘C N“\‘E\C
Glucotropaeolin Benzyl GLS/\@ “‘N/\© N///\Q \5/\©

'R-SCN of progoitrin is not reported to occur.
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Table 3. Abundant sources of selected glucosinolates

Abundant sources*

Glucosinolates

Scientific name Common name
L Armoracia rusticana -radi
Sinigrin el Horse-radish
Brassica juncea Mustard
Brassica napus L. Rape
Progoitrin Brassica campestris L. Turnip
Brassica rapa var. glabra Regel kimchi cabbage
. Brassica rapa L. ssp. pekinesis kimchi cabbage
Glucoerucin : .
Eruca sativa Mill. Rocket mustard
Brassica rapa var. glabra Regel kimchi cabbage
Glucotropaeolin Lepidium sativum L. Garden cress
Tropaeolum majus L. Garden nasturtium

'Fenwick et al. (1982), Griffiths et al. (2001), EI$HS (2012)
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1.2. Al¢F 9 7]7]

n—Hexane, methyl alcohol, 2-—propanol, dichloromethane<
AststE  (Seoul, Korea) X F-48Fltl. DEAE-Sephadex A—25
chloride form, imidazole, formic acid, trifluoroacetic acid, potassium
thiocyanate, potassium cyanide, tetrabutylammonium sulfate (TBAS;
50 % w/w solution in water), 2,3,4,5,6—pentafluorobenzyl bromide
(PFB—Br), sodium tetraboratedecahydrate, potassium phosphate
monobasic, potassium phosphate dibasic, benzyl isothiocyanate, allyl
cyanide, benzyl cyanide¥ Sigma—Aldrich (St. Louis, MO, USA) A
T3k tE. Potassium sulfates= Yakuri Pure Chemicals Co., Ltd.
(Osaka, Japan)olAd <43+ th Acetonitrile Avantor Performance
Materials (Phillipsburg, NJ, USA)°lA FY3tHth Iron (III) nitrate
enneahydrate (Fe(NO3)39H,0)+= Kanto Chemicals Co. Inc. (Tokyo,
Japan) ol FY3FS T Nitric acid  (HNOj3), magnesium sulfate
anhydrous (MgSO4)+ Junsei Chemical Co., Ltd. (Tokyo, Japan)°lA]
T8 tE. Allyl isothiocyanater Fluka (Buchs, Switzerland) o]l
TR S, erucin, DL—goitrine Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA)A FYsFA Tt 1,2—benzenedithiol, benzyl
thiocyanate Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan) °lA]

T3k Allyl thiocyanate, 2—hydroxy—3—butenyl cyanide, 4-—

(methylthio)butyl cyanide, 4—(methylthio)butyl thiocyanatex= +
AGAeA AT A AEE BEE RIS 32 SHITE

ALgaheie,
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PVDF membrane filter (Durapore®, hydrophilic, 0,22 zm), amicon
ultra centrifugal filter devices (3K & 30K), PTFE membrane filter
(hydrophilic, 0.5 gm)+ Millipore Co. (Bedford, MA, USA) A
T913F . Mouse/Rat Triiodothyronine (T3) ELISA kit®} Mouse/Rat
Thyroxine (T4) ELISA kit+= Calbiotech (Spring valley, CA, USA) oA
TS

AN FE%F7]+=  Heidolph WB 2000 (Kelheim, Germany),
Aol 8E) RBC—10 (Daejeon, Korea), #|°o]28&) VE—-11 (Daejeon,
Korea)©] 4% Heidolph VV 2000 (Kelheim, Germany) = AF&3F3it}.
g erZE= Ao]2¥E) (Daejeon, Korea)? BS—21 Shaking & Heating
bathe& AFE3FA T Y4 E2 7]+ Hitachi Co. (Tokyo, Japan)$ Himac
CP8OMX, ¥d¥shilE (Seoul, Korea)® Smart R17S AFE-3F3U
Preparative HPLC+ Japan Analytical Industry Co., Ltd. (Tokyo,
Japan)8] LC—-92015 A}£3l% 99, Supelco Inc. (Bellefonte, PA,
USA) ¢] Supelcosil PLC—18 column (25 cm X 21.2 mm, 12 gm)<
Adste] A Y AF¥d4EF7]1= Labogene (Lynge, Denmark) 2
Scan Speed Maxi Vac Alpha$ AFE3R oW, B34 T A= MECASYS
Co. (Daejeon, Korea) 2] Optizen 2120UV UV/VIS spectrophotometer&
AR5 Y. Microplate spectrophotometer+= Molecular Devices Co.
(Sunnyvale, CA, USA) 9] Spectramax 1902 AFE-3F3ith CI-GC-MS+=
Thermo scientific (Waltham, MA, USA) 2] TSQ 8000 triple quadrupole
GC—MS/MS, TriPlus RSH Autosampler’} 4% TRACE 1310 GCE=
AFE-3F 0w Agilent Technologies (Palo Alto, CA, USA) ¢ DB-WAX

column (60 m x 0.25 mm I.D., 0.5 gm df) S dA3e] A3} EI-
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GC—MS+= allyl thiocyanate 4 A] JEOL (Tokyo, Japan)<
IMS600W7F 14 ¥ Agilent 6890 Series GC (Palo Alto, CA, USA), 1
9] &4 #24 A] Perkin—Elmer (Waltham, MA, USA)2] Clarus 600T
CG-MS7F 944 ¥ Clarus 680 GCE AH8-3F3lth. Allyl cyanide= Agilent
Technologies (Palo Alto, CA, USA)<¢ HP—-PLOT/Q column (30 m X
0.530 mm LD, 40 gm dDS& 73t TAsom, ymA 242
Agilent Technologies (Palo Alto, CA, USA) 2] DB—5MS column (30 m
X 0.25 mm LD., 05 pgm dD& dZdste] A58tk HPLC= UV
detector’} AZA ¥ Dionex Co. (Sunnyvale, CA, USA) 2] Dionex ultimate
30008 AFE3F3 2™, Phenomenex (Torrance, CA, USA)9] Luna C18
column (250 X 4.6 mm, 5 gm, 100 A)& At A3kt
FJANEM7]= Fyji film Co. (Tokyo, Japan)2 Fuji dri—chem 3500sZ

A1g-5eh.
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Song et al. (2006), Rochfort et al. (2006)¢ WHS FHist]
SFIAEYCIES FES Pttt Myrosinases E&/d3kst7] 98l
Brassica napus L. A St%} Eruca sativa Mill. A& 110 T 2EofA
2N B_F AZAAT. Tropaeolummajus L. A TatsA oEo =
a4E B3 A1717] o892 E Sk 100 gF 1 Lo 55 AHEste]
10#1F 80 ¥ AxAZY. 245 =843 & 7 A wAapts
ol g-ate] T skt s Aok 100 g@ 200 ml hexaned ©o]&3}o]
A= AAs: e 5HE sin. e g AT EHIE

o] gsle] &Hs] AAT FH A 1099 70 % methanols F7}81

rlo

0
ofje
12
1o
w
(@)
S
N
==
ol
o
L

O
2
S
B
off
Hhl
olr
o
S
o

F=3 A8 =2 Visentin et al. (1992), ISO norm (1992) 2 WS
#1138k jon—exchange chromatographys Z &3ttt WA DEAE-
Sephadex A—25% 2 M acetic acid €3 ZF3te] dgN A=
wHIETE AA ] RI 7t vhepeke 1A FIo] F a2 w7k 2 M
acetic acids& F7kstelor, Ad ol A Fvlet] WA wasivt
DEAE—-Sephadex A—25 column (2.5 x 30 cm) <2 W& & 6 M imidazole
formate 150 mlZ Zt]AYd (conditioning) 3} Th. ©]oIA FHS 150
mlZ A3 & A5 150 mlE ZY (loading) 3+t Formic acid/2—
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300 ml £=A4E A &= 0.5 M
PVDF

preparative

)

propanol/water (3:2:5) 200 ml, =F5
K2S04/5% 2-propanol 150 mlz £33t 88 AlE&
membrane filter=2 ZE (filter) 3}t
HPLCE o]&sto] e
H RE
25

ARE
ul @olf ity Preparative HPLCe AFE-

g ¥
€ml= PTFE membrane filter® IE s} A3 Ao =592 7}
=3 2o A9 C18; 3

e

SFIA =0
| A 8L T}, Preparative HPLC 41 24L&
229 nm; % 3 ml/min; Brassica napus L. £"]% isocratic mobile
phase 0.1 % TFA in waterE AF£3sF 0, ok 27~28%-<f progoitrin®|
1socratic

NEE

A=A, Tropaeolummajus L.
dhol Wl
Fol Ak

AZY QY. Eruca sativa Mill.2- €2 isocratic mobile phase 0.1 %
mobile phase 0.1 % TFA in 70 % water / 30 % methanolS AFE-3}3 0.,

TFA in 75 % water / 25 % methanolS A&t om, ok 22~23% o
S 2

glucoerucin®]
oF  22~23%9] glucotropaeolin®] AZHAT}H
AFANEZ72 5F A7) 229 nmollA SFEE =Hs
the] =5 AAtsait
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2.2. TEAY

Agdsty A FEAdAgdolA 78 Wistar rats (206.32 *

= tefel AgdsEAId A AFSsElth &
25vtg]E 5709 & (control, sinigrin, progoitrin, glucoerucin,
glucotropaeolin) &2 22 Yo 2AAEAT. 10709 cageel 2,
3utel® o] Wolow, 244710 +=3IRkE JHRTE ARSAY 2k
22 £ 2 C, %< 50 £ 5 = x4 How, xS 1243 F7]=
FAEol 05 TAI~ TAle] &G¥ Atk 7|24 °]= Purina irradiated

Lo

laboratory chow 38057 (Purina Korea, Seoul, Korea)$ H
ARt AT Fel A 1641 Fok A Aglow Adye 74 2
e SFIAEYCIEE 50 pgmol/ml¥, UxTS FH
BT ek A4 7o 5A%F F CO, 7kAE mhE ekl
A 3l dAs AFsIF o, 1S AEeto] Y AdFE AT
T FAE SAsH AFHSE dae ARl 30% ol WA s
3 T 4T, 2,000 x golA 10w3F A EHste] A
wElsklom, ARE AH7EA] -80 T AL Wwiel H#AsT. #
T =

ol
o
2
}-.O.ll
wn
Z,
CI
p—A

30621-3-1).
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2.3. 83 U 2EIAEIIE ALE B

2.3.1. Thiocyanate ion A% 4

Van Staden and Botha (2000), 4718 et al. (1993)¢ WHE
Fa1sto]  thiocyanate iond FEE SAHSATE WA 1400 mgol
Fe(NO3)39H,0E 40 mle =eof =< % 3.7 ml9 70 % HNOz=
H71sled Fe () reagent solutione AZsAY. I8z 3 W
G A-S A ASE7] $18] amicon ultra centrifugal filter devices (30K) &

Abgstel d3 200 plE 94 Fskdt (14,000 X g, 15+, 4 C).

ool 100 plS FH3Fe] Fe (IlI) reagent solution 100 pl18F 10%F
HES-A)171 & 450 nmollA] FFEE =49t EFEZE potassium
thiocyanate® AHEslo] EFHZFHAS 580
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2.3.2. Cyanide ion A% &4

i

Bhandari et al. (2012)¢] WS Faste] cyanide ion &%
stk WA ¥3tE sodium tetraborate decahydrateo] =o}3l+ 10
mM TBAS (pH 9.5) %} ethyl acetatee] *Fo}lx 20 mM PFB-Br&
Az3FTE 100 r1°] el 800 £12] 10 mM TBAS &9 500 19
20 mM PFB-Br £9& H7iet & 2% 3+ E974 (vortexing) 3H3ith.
70 TE #F2FFoA 1A17F &<F vh3A71 2 A4 stk (9300 X
g, 4%, ). 4T HE MeSOE g5 § CI-GC-MS=E #4331 o

BAzAL oSy 2o 49 DB-WAX; 497140 1 ml/min helium; CI

= Z
=

oL

Z71A4): 1.5 ml/min methane (positive ion), At X]: 150 eV; U= 1

nl; FYT 25210 Csion source 2%: 200 C; MS transfer line &%

220 C; AL 2F 2% 60 ToA 28 44 %, 7 C/mingY &=
230 T7HA &g7hd 4% F-A3th PFB-CN (m/z 208)2 oF 23.18% 9
HAZH o™ SIM mode® FHHs3t 2FE2 2 potassium cyanide&

Agetel REAFIAS H55H
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2.3.3. Organic isothiocyanates A% £4

Zhang (2012), Ye et al. (2002)9 WS Fsle]
clyclocondensation assay@® organic isothiocyanates®} I TthA}AS]
TEE =743} Organic isothiocyanates+— A of] A
dithiocarbamates® tAIEH, & WO R o]F& BEF F4AT 4 Ut
WA 100 mM potassium phosphate buffer (pH 8.5) ¢} acetonitrile®l
=olglE= 20 mM 1,2—benzenedithiol, 50 mM 1,2—benzenedithiol<
A Z 38k T}, Sinigrin, glucoerucin, glucotropaeolini2] 74-%, 2.0 ml vial®l
200 pl19] &4, 200 x12 100 mM potassium phosphate buffer (pH
8.5), 400 w191 20 mM 1,2—benzenedithiolS #H7}st & 65 T
e 3A17F =<F HESAIZ T Progoitrinit®] A9, 2.0 ml vialel
200 p19] 84, 200 x19 100 mM potassium phosphate buffer (pH
8.5), 400 19 50 mM 1,2—benzenedithiols #H7}3t & 65 T
2 Zo A 12417 FoF HFA A Y. Progoitrin® #3fAHE<Q] goitrin®)
vy FERE WEEE7E =glEE 1,2-benzenedithiold] FE=g}
oh Wb & 2mvb o ® oW 4] sl
(10,000 x g, 2%, 42). 45N 20 xlE HPLCRE
A4S o #rh A9 C18; &1: isocratic mobile
phase, 80 % methanol / 20 % water; % 1 ml/min; 37 365 nm;

1,3—benzodithiole—2—thione 9~10%°] A=ERoHw, wjH Alg 4

S 10F =9k 95 % acetonitrile / 5 % water® AHS A F 33T
Y522 allyl isothiocyanate, erucin, benzyl isothiocyanate, DL-—

goitring AHg-ste] XFHFTAS 53T
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2.3.4. Organic nitriles, organic thiocyanates A%

74

Amicon ultra centrifugal filter devices (3K)E AF&3}o] &3 200
plE 94 skt (14,000 X g, 30+, 4 C). o4374H 130 pls
# 3l dichloromethane 130 gl® F=3 & MgSO,= &34t El-
GC-MS= #Asgler 4213 v grh 297140 1.5 ml/min
helium; ZAAFANHA]: 70 eV; Y& 1«1 ion source =5%: 250 C; MS
transfer line =%: 250 C; Sinigrinv® 7% allyl thiocyanate”}
aZoA ol dAAE HEE 5 A roer AT WA allyl
thiocyanate #41 A] DB-5MS ZAHLS AMELEA1, FYUT+ 2=
50 T& AAsien, AL 2P & 35 T 28 §A4 F
5 C/ming &%= 70 CT7H4 &9 v 25 C/ming %= 310 Tel
costd 5% 2 fFASAT Allyl cyanide ¥4 AleliE HP-PLOT/Q
Ag A, FYT 255 250 TR AAQslor, A5 28 &5
80 TellAl 2% F4 ¥, 10 C/min® HEZ 180 T7HA &3 o3 5%
2 fFAETh U A e A DB-5MS HAES ARSI, YT
<EE 250 T2 AAsor, Hs 28 2% 40 ToA 5% FA %,
10 C/min® £X= 200 CT7H4] &d v 25 C/ming £%% 310 Cel
Tdetd 5% IF AN Y. xEEAd R AFE-SE Allyl thiocyanate (m/z
99)+= <F 7.90%, allyl cyanide (m/z 67)= ¢F 9.53%, 2—hydroxy—3—
butenyl cyanide (m/z 57)% ¢F 10.61:%, 4— (methylthio)butyl cyanide
(m/z 61) = <9k 14.72%, 4— (methylthio) butyl thiocyanate (m/z 61)+ <F
18.044%, benzyl cyanide (m/z 117)+& ¢F 13.76-%, benzyl thiocyanate
(m/z 91) &= °F 16.86% 0 A=HULH, o= AMEsty] Z=dHFTAHA=
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2.4. SFIANEYCE Foo u}E A T=2E W3}

¥ galS sl F E triiodothyronine (T3) ¢ % thyroxine
(T 9 %5 33 W 5439 . Ts= Mouse/Rat Triiodothyronine
J5F¥5 o, T,+= Mouse/Rat Thyroxine (T4)

4

(T3) ELISA kit® =74
ELISA kit® =738t}

2.5. @9 A3stE HA}
72 Febd dolg 4 (y —glutamyltransferase:  GGT), <&y

olu|-7] Ho]laA (Alanine aminotransferase: ALT), oFATtEHo|E

olu|=7]  Ho]laA  (Aspartate aminotransferase: AST), <&Z+g

QAAFE3s] @4 (Alkaline phosphatase: ALP), & ®l8]F4] (Total bilirubin:

TBIL), Adold <lAta4 (Creatine phosphokinase: CPK), &9 Q4
A (Blood urea nitrogen: BUN), Z#o}e]d (Creatinine: CRE)&

gorm Az =939,

Ee A doldERY RBitgdt xEdAE T )l
oAl 2ol & HF3H7] flsll SPSS (Ver. 21) & AHgsisiod, tixa-2
(blank) Zto.Z Abgatqith A dulx] EaREAS AA|Ea,

18l Tuckey’ s HSD testE AT (p<0.05).

>
401'
jant
o\
o
L o
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2], g3 Al5E LC-MS=Z A3t

E
preparative HPLCZ &g SFFIA = olE FEW wollth Figure

5
=

2~4+ LC—MS¢9] JdZvlE 1 (chromatogram) ¥} ks
FZIAEHOIE A (peak) e WA AFHEZ  (mass spectrum)<

32



00 171 4362
g 8]
g 3
£ 0]
g 7
2 404
&8 1
C 204 44.41
x 209 3502 44
] 74 06 169 B3l B 1845 1982 214 2331 2550 26372781 2923 3170 3362 4549 49375131 5242 5369
388.1
o |
g 9
g 60
§ %9
g 4
§ 50
< g
2 |
8 404
[7] |
z g 5239
304
B 6978 9888
g 421
204 5540 650.9 8152 9037
B : 607.1 76.7 863.7 9529
e 129 2502 364 3553 4025 4369 4858 5427 (5714 6488 16659 | 70457357 754 8339 9312
3§ 1295 749 1949 2268 3021, [ 505.1 -
0 ol ada L Ly L I Y |
L s B o s B s o s I B s B e B s B I B B B B B B R B B s B B e B B B R B B B R R B I B I
00 50 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 000
mz

Figure 2. Chromatogram and mass spectrum of isolated progoitrin
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Figure 3. Chromatogram and mass spectrum of isolated glucoerucin
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Figure 4. Chromatogram and mass spectrum of isolated glucotropaeolin
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2. 83 U ZZIAEUOE AAE B4

SFIAEHOIE Fof gA AIZE Fof AFHIE dHNoTmRE HAHS
sttt EE oA thiocyanate ion, cyanide ion, organic
isothiocyanates’7}t A& O™, progoitring A3 =EE oA

thiocyanate ion® H%7} 7F4 =4 A E 3} (Table 4).

AArE % d¥WE Ay HE™ thiocyanate ione  sinigrin (R =
allyDwellA 7Hd & ¥% (653.27 + 21.62 pME HEHoH,
glucotropaeolin (benzyl), glucoerucin (methylthiobutyl), progoitrin
(hydroxyallyD+¢ <A=Z HZE L7 #4A3tr. ®3  sinigrin,
glucotropaeolini® &% thiocyanate ion &%
progoitrino] H]& F3A =2 Aoz YET. Cyanide ions

glucotropaeolinw o4  7Fg =& &% (13.28 = 6.29 M=

—  glucoerucin,

A= SY, sinigrin, glucoerucin, progoitrini-® <M Z A& =7}
A3k Yt. Glucotropaeolin™®]  d<%  cyanide ion &%+  sinigrin,
glucoerucin, progoitrina™ell ]3] Fel8tA =2 A o= EET. Organic
isothiocyanatesi progoitrinwoll A o8 % F% (14.81 £ 2.23
s MZE AZEHAY. Glucoeruciniol %=  organic isothiocyanates”}
AEHOHY 1 wEe FAE F e AEER &olslth Organic
nitriles¥ sinigrin, glucoerucin oA HE% U O, sinigrinel A& &

FE+E 1§ 2F9kt} Organic thiocyanates®™ BE oA AEE A &gkt

(Table 4, Figure 5).
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Table 4. Glucosinolate metabolites in rat serum

SCN" (UM) CN" (UM) R-NCS (uM) R-CN (uM) R-SCN (uM)
Sinigrin 53.27 + 21.62° 5.72 + 2.00° 4.47 +1.93° 0.47 + 1.06 ND
Progoitrin 3.24 +9.16% 1.03 +£2.33° 14.81 + 2.23° ND t
Glucoerucin 14.84 + 12.36° 3.22+1.72° 0.03 +0.172 3.48 + 0.05 ND
Glucotropaeolin 47.84 +17.90° 13.28 + 6.29" 4.73 +0.80° ND ND

Note. R-NCS: organic isothiocyanate, R-CN: organic nitrile, R-SCN: organic thiocyanate, ND: not detected

Values in the same column with different superscripts (a, b, c) are significantly different (p < 0.05).

' R-SCN of progoitrin is not reported to occur.
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Figure 5. Glucosinolate metabolites in rat serum
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o] TelA dlAMEE F 5 thiocyanate ion® FE7F =7

AL Q= Aol =58 "o 2t Organic isothiocyanates?] thAb

re o
-
2
=
1l
ne)
il
i
_V,l[

| (glutathione) ¥} ZA3%3t % mercapturic
acidgHl= AWS B3 wid "HAdu d#HA led, ol benzyl
isothiocyanates® A7  Fost =g 4%,  phenylethyl
isothiocyanate?] AGA|¢1  gluconasturtiin®] ©% 3SHFEo] Q=
=HolE AAT A aws Fel FAH3Y (Brusewitz et al, 1977
Chung et al,, 1992). Organic nitriles¥ cytochrome P450%} #d¥
YAFES E3 cyanide ione AASHY, AL organic nitriles®] 3
whg} et ¥e Al (Silver et al., 1982). X3 organic nitrilesE

Fost vk~ dHA thiocyanate ion®] HEHS=d], o A=

organic nitrilesZ%E XA F cyanide ion®] thiocyanate ion®.Z Hgk=
T ASS AT (Stea, 1952). 7 o}y 2} organic thiocyanatesi=
FREA &3 A8 & thAH o] cyanide ions BAIdkE Zo] gelE
(Hideo and Casida, 1971). & <+o|X+ organic nitriles®} organic
thiocyanates’} A9 HAZ%A] 24 v]d] thiocyanate ion¥} cyanide
ion?] FEE AdHoE FA FHAHUAH. ol SFIAEHIE
F71 AR 8] tAFS =7 iAo wepdq 2 Aol =

AlZE el thiocyanate ion¥} cyanide ionl.Z A2 tAIE 7] wjFo
Uehd Aaz FEEd. gEo] obf diAbt $EEHA o2 organic
nitriles®} cyanide ion® ZXE] thiocyanate ion®] F7l2 A= F

et A g gl

Progoitrinw oA+ tAMHE % organic isothiocyanates® -&

o
7P =A 5A4H AT -4l hydroxylZ]7F Sl progoitrin®] 7%
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ZhreEsl Al AR ow syt 3o 5-oxazolidine—2—thione
(goitrin)©] A E} (Kjaer et al.,, 1959). Goitrin< thiocyanate ion¥}
A e FAA 5IE A AR g9 dE sEAds
el g @AY FAE FUHATIM, @A ZEEY @S
vl gttty Rtk (Nishie and Daxenbichler, 1982, Fenwick and
Heaney, 1983). Goitrin®} +AFsAl thiocyanate ionk /A5 2kA) o
FEFS 7AAR, Qo HEFEoRE I JEFS SIAL 5 Sk ol Rnis
goitrin®] WHHIAH JF et BHFOET A = glth webA
goitrin W& g WA EA T stYUE FEH vt (Fenwick

and Heaney, 1983).

GlucoerucinwollA+= AT S 71x= 2249 AAo]
Aggor A& otk ¥yl oyl thiocyanate ion¥} cyanide ion<

o Frxg  AEFE Y¥bH) organic  nitrilesy  AA 2E w1}

AAEQoB R glucoerucin® WA BE FFIFAEHO|E  H] I
Aoz »gvga 5% 4 Y} Sinigrin, glucotropaeolini-®] 74-%-
gE Addel nE] SFIAEHCIE Fo| oAl A e AR

thiocyanate ion® s%=7F FostAl = ol BAE =27 747
allyl¥} benzyl”]Q! sinigrin®} glucotropaeolin®] tHA}M= o] thiocyanate
iong AT o, ¥wd PPt vA gols& JPAT F 7] "I
Lehd 32 BojXt) Progoitrint©] - thE Al Bl organic
isothiocyanates (goitrin) 7} <=ol = A o] AT, ©]= goitring]
18y 27 SFEX &R HEEEE =g PR &S E E
AAF] ¥ FER HEH ZOFE HAUh EI goitrind /Al

BIFAQ FFL vA Y Bolme AAH A LET A

=
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FFe d B Qo gt

HoAGo|d A2 organic nitriles7} progoitrin, glucoerucin® ol A
AZ%USY, organic thiocyanates= E& oA H
I3 Y} organic isothiocyanates®} thiocyanate ione KEE oA
A=Z%U. McGregor (1978)F Brassica napus, Brassica campestris
rapeseed, Brassica juncea mustardE yellow mustard (Brassica hirta)
myrosinase?} WA 71 A& o] A organic isothiocyanates, goitrin@} &7
thiocyanate ion°] A% &= AS AT, T 2257 A=A Z245-F
g SFIAEYCE FEAES S A¥HE™ organic
isothiocyanates 4.9~131.2 g mol, goitrin 3.3~91.0 g mol, thiocyanate
ion 5.4~13.1 gmol®E Tkt 22 £HF = 19 729 AEA A=
organic isothiocyanates® 7Z%©°] thiocyanate ion% HE=H HT}
=kl mEd 17 79 A EACAE goitrin® FHEF| thiocyanate
ion?® A=% KX} =t} Organic isothiocyanates®t goitrin A =%2]
gte e 2lEZ A o)A thiocyanate ion® HE=H Xt} 9T sEEIS

st 2 APAAME s trbtbEEe] #ZEHUT Progoitring 2
A9 goitrin® &X7} thiocyanate ion XU A SAHEor T
AgATtel vlest A3S Btk shANE 2 AP ymH] Aol A=
thiocyanate ion®] &X%7} organic isothiocyanates Xt} X =

SAHAY. ole FEEIDS ARES 2 AFelAd Fol oAl AIRE dell
A E goitrin 2] organic isothiocyanates’} WAIA S AXl & A9
g E Q7] wZo WA zpolgfal HoFTh ¥l olygl B Ao =

=4 W myrosinase® #E Qo] SFIAEHUCIE thAMAIZE

Xl
E s FelA dAAT e} Aol vk
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v AREH AE F 2 ATl AR
of A= A=ele wiEF, A, AR, BEF,
Y&k, A, FaF7F Aok (@A, 2009, ¥sks, 2012, Tian et al.,
2005, Sasaki et al.,, 2012, Kim et al., 2010). Sinigrin< AA} & A
gd 21.1 pmol, B2Z & BTF gd 1.5E-03 pmol, F&|Z2H] =
AT g3 0.4 pmol, AY o ATHF gF 1.1 pmol, 5 BT g
0.6 gmolo] X38rE o] Qlt}, Progoitrine A 2 A== ¢ 6.1 gmol,
Wl o A g3 1.1 gmol, BEFE ¥ ASH g 8.8E-04 xmol,
FHZEH £ AFF gF 8.6E-02 pmol, AY o AFF gF 0.3
=% gd 04 pmolo] ¥3rEo]  Qlt}. Benzyl
FFAAEUES MF o AFTH g 0.13~0.24 pmolo] ETH ]
At Glucoerucin> W& ¢ BFF ¢ 0.5 gmol, BEFE & ATF
g3 1.0E-02 pgmol, ZHZY 2 AFH g 2.6E-02 pgmolo]
SOl Stk A A=A S H AHZFE 1eskd, sFFel sinigrin
18.6 pmol, progoitrin 15.6 g mol, glucotropaeolin 1.5~2.7 pmol,
glucoerucin 5.7 pgmols AF st Aolty. E  dAFolA  sinigrin,
glucotropaeoling FoIst P9 o ZHE 31 HE9 thiocyanate
ion°o] HAZFHUCSH, progoitring FoIF A= HIFoMe= 1L FEY
goitrin®]  AZH A, webA Il AHZo] =2 WA sinigrind
progoitrin® 255 AAF A 2ol AAHE  ThsAde] At
Hojzlty, 53] AAell+ sinigrin®] v EFEo] glormz AXE] AF
Al WA 24o] AAE ThsAdol =tk tlEo] W

progoitrin®} glucotropaeolin®] $Hf-% o] AW, = A3

el o A

ST AN EUCIETL Sy
=

S
3
=
©
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==
B
o
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AE T7hE el wE FFIAEYCIES FHtS ATEd
A, 2Eeh e A uet aArEL] A

g ¥lo] thekslrt= AS o 4 2t} Sinigrine AT FAZANA BE

—

organic isothiocyanates® AlsHA a5+ A IS H I T Progoitrins
A3 AAZRAANA EF organic nitriles7t $AEHA A AT 71
A 5A EEASE 8 s A4l diAE dAsH
FolH X0k organic nitriles® T} organic isothiocyanates® 7FA*o] ¢
Rormg FZ organic nitriles7}t A= Aoz iyt ullA
A3 A Z2AAAM e AR sinigrin® AF A, organic
isothiocyanates”} t&# g% o] QO™ =2 thiocyanate ion® x=3
7Fsidol EoE & Ut BYd 79 progoitring AFsE AS

organic nitriles7} T & o] QlojA  goitrind] =EEH TS

Zol =X ut, thAFg ol A thiocyanate ion®] AE & gormw AHAE
A =4l osk WA el "Il gle Ao®E HRlth
7t g = AR sinigrin sz progoitrin2] A Alof &=
=7 A EEClEZE ALY FellE Al ko] wiEeol tiAb oA aE =l

thiocyanate ion &2 goitrin®] =53 7}sA]o] At} 3 719 A oA
AE A= organic nitriles®4-E thiocyanate ion®] A=
NevE AAET By =4 Ahde AL WETE gl AoE Btk
WRb oofbuEr AdddTtell wE™ progoitrin®] R AHE AF AF
o] goitrine] AAAEHE AoxE #FEHSAT T ER T 3y AR
progoitrin®] 43 Al goitrin®ll & HHAH GEo] o FIIE Ao=w
Bt 7hy 3o wE SFIAEHCIE FAFtE THEl EE,
sinigrin®] & X3H o] Sl AEAL AHF A VMY E AToEH

thiocyanate ion2 A 7FeAS 7HA2A7ithd o]o whE wkzbdAd I
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Table 5. Serum T3 and T4 levels of rats treated with glucosinolates

Control Sinigrin Progoitrin Glucoerucin Glucotropaeolin
T3 (ng/ml) 1.59+0.95 1.27 £ 0.29 1.42 + 0.46 1.95+0.31 1.59 £ 0.69
T, (pg/dl) 3.39+£1.30 422 +2.28 1.60 £ 0.62 1.11 £ 0.78 3.68+1.91
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[ﬂ

4. 7] TF S8 2 29 B3H HAL

AF 100 g3 7+ T8 3.77 £ 0.35 g0 & SFIAEH)E Fo

SAIZE §- Wistar rat 7+ 222 &= F24<0 M37F vehbA] kst

g Aslsrr Hab A3, el FEbd dolad (GG, dEkd

ofnl=7] HolgA (ALT), olAFHO]E olux7] HolgE4L (AST),

dze] lihtsas (ALP), & dE|FHl (TBIL), =Aebobd <litas
(CPK), Ad#etEld (CRE) 9 sZeolA Zb 1k 94 Apol7p - A
okt g 94 AA (Blood urea nitrogen: BUN)S =4 Ail+=
progoitrin, glucoerucinit® %7} ool vls] st =& Zo=w
bt a8y ddesdA (BUN) S S A dd A xR
&= A#etEd (CRE) S sXoMde APy d dixa 119 f2ost

715

Aozt wARA Qgvh W FRIAEACE Folgh A%
Apolel % o AF@ olalst Bashe, olel iyt FhHel
Zo® HRItt (Table 6).
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Table 6. Serum biochemistry of rats treated with glucosinolates

Control

Sinigrin Progoitrin Glucoerucin Glucotropaeolin
GGT(UIL) 3.8+04 16.0 + 24.7 6.0+ 4.8 56+4.38 3.8+1.1
ALT(U/L) 194+£7.0 23.8+85 19.6 +4.3 172+ 45 174+ 1.8
AST(U/L) 80.4 +46.0 95.2+22.0 84.4+27.5 75.6+17.1 58.6 + 12.5
ALP(U/L) 576 £ 190 720 £ 81 653 £ 180 555+ 89 857 £ 290
TBIL(mg/dl) 0.5+0.5 1.5+0.7 1.1+0.9 1.1+0.7 0.7+0.3
CPK(U/L) 260 + 357 268 + 68 208 + 125 215+ 45 137 £ 53
BUN(mg/dI) 13.2+5.6 17.7+£23 20.5+£5.1* 21.5+3.3* 11.1+£13
CRE(mg/dl) 0.3+0.1 04+04 0.2+0.0 0.3+0.1 0.3+0.1

* Significant differences in comparison with the control (p < 0.05)



2 A= FUYdA gF AbjEE SFIAEHES Fx9 uet
el AMElst  4F9] FFFAE=YO|E  (sinigrin, progoitrin,
glucoerucin, glucotropaeolin)& Wistar ratel] AT+59 3 H SS9

itz el s dACM S ol Fd 2AE Txel wE

SFIAEHOIEY F4 W UAtE vudus FHel B AF9 9t
pia=
Sinigrin, glucoerucin, glucotropaeolini i A4 hARAHE S

thiocyanate ion® &%7} 7} =74 4%t Organic nitriles®}
organic thiocyanates”} thAF2d & A AW thiocyanate ion®] A ¥ +=d],
o] =9 YAFEETE didor w=7] wiEe] vl AIZF el thiocyanate
ion?} cyanide ion®©.Z A2 tAlE Zoz BT FESE tAlZl &g E A
0r2 organic nitriles®} cyanide ionC. ZHE F7}A<l thiocyanate ion©]
ARE 7hedol vkl BRItk 53] sinigrind glucotropaeolina ol 4]
F83tA =2 thiocyanate iono] SAEA=H, ol SFIAEHUE
AArE 27 Kgs © A FolE FAT 7] wiEel yERd

Asetn #5¢ 5 9ok

Progoitrini-°| A+ isothiocyanates (goitrin) ] X7} F3HA =4

=45 9=t goitrine thiocyanate ion¥ 37 A ELAo] FTFS

nxe 247 2 oddx drk Goitring 18 FERE AT 97
) Fo] 2 organic isothiocyanatese] Hl&] T EE7F X dH o] =&
TR AEY ZoE HeY ¢gEo =¥ dyHLE uFo A
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Abstract

Determination of goitrogenic metabolites in the serum of

male Wistar Rat fed structurally different glucosinolates.

Eun-ji Choi
Department of Food and Nutrition
The graduate school

Seoul National University

Glucosinolates (GLSs) are abundant in cruciferous vegetables and
reported to have anti thyroidal effects. Four GLSs (sinigrin, progoitrin,
glucoerucin, and glucotropaeolin) were administered orally to rats, and the
breakdown products of GLSs (GLS-BPs: thiocyanate ions, cyanide ions,
organic isothiocyanates, organic nitriles, and organic thiocyanates) were
measured in serum. Thiocyanate ions were measured by colorimetric method,
and cyanide ions were measured with CI-GC-MS. Organic isothiocyanates and
their metabolites were measured with the cyclocondensation assay. Organic

nitriles and organic thiocyanates were measured with EI-GC-MS. In all
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treatment groups except for progoitrin, thiocyanate ions were the highest
among the five GLS-BPs. In the progoitrin treated group, a high concentration
of organic isothiocyanates (goitrin) was detected. In the glucoerucin treated
group, a relatively low amount of goitrogenic substances was observed. The
metabolism to thiocyanate ions happened within five hours of the
administration, and the distribution of GLSs varied with the side chain. GLSs
with side chains that can form stable carbocation seemed to facilitate the
degradation reaction and produce a large amount of goitrogenic thiocyanate
ions. Because goitrogenic metabolites can be formed without myrosinase, the
inactivation of myrosinase during cooking would have no effect on the anti-

nutritional effect of GLSs in cruciferous vegetables.
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