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Anti-diabetic and anti-inflammatory activites of Brassica oleracea

var. gongylodes green cultivar

Na-yeon Ehom

Graduate School of Education, Pukyong National University

Abstract

Kohlrabi is/ a biennial vegetable that belongs to brassicaceae in' papaveraceae.
Kohlrabi is also called turnip cabbage or corm cabbage. Kohlrabi is an English name
which is a compound word of German words Kohl (cabbage) and rabic (turnip). It is
a biennial plant differentiated from cabbage and its place of origin is the coastal area
of Northern Europe. Its varieties are divided into Asian groups and Western European
groups. Asian groupshave- greyish green leaves..and gteen . tough corms. Western
European groups that comprise. major wvarieties havegreen or purple corms with
smooth surfaces covered by white waxy substances.

Kohlrabi abundantly contains glucosinolates, anthocyanin, and carotenoidin known to
have excellent anti-cancer effects and, in particular, its glucosinolates amounts to
approximately 25 times of that of radish. Although its has been reported as having
antimutagenic actions in in-vitro studies, studies on its physiological activity are
insufficient.

In this study, the MeOH extract of green Kohlrabi was used to evaluate its

ABTS, DPPH, and peroxynitirite eliminating activity and its effect on total phenol



measurement. Its antioxidative activity was evaluated through in vitro assays. In
addition, its anti-inflammatory activity was investigated by evaluating the generation
of NO induced by LPS and MTT toxicity tests using Raw 264.7 cell line obtained
from mouse's macrophagocytes. In addition, its anti-diabetic and anti-diabetic
complication activity was evaluated through Phosphatase 1B suppressive activity and
Lens aldose reductase suppression experiments. In the results, the ICso values of
ABTS, DPPH, peroxynitirite in green Kohlrabi methanol extract were shown to be
787.89+15.19 , 801.03+ 0.80, and 132.20+ 0.32 u g/ml respectively and green Kohlrabi
had 4.64 GAE, mg/g extract of phenol content. In the MTT toxicity tests, 89.85%,
91.10%, and 97.26% were shown when MeOH extract coneentrations were 200, 400,
and 800 (ug/ml) respectively. Therefore, the MeOH -extract of green Kohlrabi was
judged to have no- cytotoxicity. The  generations.of NO induced by LPS was shown to
be 3.8%, 9.7%, and /12.3% . at 200, 400, and 800 (1 g/ml)  concentrations thereby
increasing concentration dependently to show weak NO suppressive effects. In
Phosphatase 1B suppressive activity experiments, an ICso value of 207.13/ +19.15 p g/ml
was shown and the control group ursolic acid showed an ICso value ‘of 5.59+0.44 n
g/ml. In the Lens-aldose reductase suppression experiment, no ICso value was obtained
at concentrations 400, . 800, -and - 1600 (1 g/ml). buts the ~suppression increased
concentration dependently to ~27%; 34%, and 42% respectively thereby showing weak
suppressive activity.

Through the results of this study, the fact that the MeOH extract of green
Kohlrabi has antioxidative and anti-diabetic activity was identified. The fact that it
has utility value as a material of functional food can be proposed and its appropriate
consumption effect as food can be expected. In addition, this extract can be effective

preventive and treating agents as antioxidative and anti-diabetic treatment.
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1, tyrosine Zt7]9] QI4tehrt dojdtt.  ofef A AlZ Y= glucose
51t glycogen g7 59 ¥HgS oPIAZI= 2RO A= AGAAE 2/
3t AIZItk (Na et al., 2006: Bialy and waldmann ,2005). PTP1B &4

IR} IRS Proteing & Ql4tets 4070, RO AodE2 Ashstal, 2t
Aoz Qegd AFEdE =9 AUz dol S2HA x5t d5 F &F

715t "tk (Jeong et al, 2011). @2} PTPIBE 9A|st= Zo] Qe
d AYE Al2Y Ggol Rt Algatol d 4 Ao ded 75 o
Foz 1dG SAPE A& s W dREESS oAl EE=H
FEEHS0l 7] A7AE ARt S4o] 7 "ol HEA o717] A

o TRUAFSA SREC HUHS, AEHS, gHo]l FHARNAY &Y

n¥go] gz ovbgl= & 12 7|80 2 I o] sorbitol2 HA
fructoseC = "HATE] = =0l Z2|Z HJAH| (polyol pathway)Q] ©]7J0]
A=A (Sato and Rifkin, 1989). polyol pathways Gk FHZS 2R
a3t o
al., 2005). d== P gA (aldose reductase, AR, E.C.1.1.1.21:21)=
92 gAY A "R a4a
D-glucoseS D-sorbitol29] wHzhS of7|A|Z]H (Lee, H. S., 2002), ©]
24t 9aU0] 8] JEROR YL FLES st LA WL AA, AA
A, A 59 71H o 55 Hol

EF, glucosew AUOA F=2 oUX|doz AREEUT, polyol pathway
= &off AR e 22 3%l 225ty (Greene et al, 1987), A1 3 Al

A, Al FHAIZ, AE4 52 insulind] 9JESHA] ofal =itof] o

ro

gtS St= glucose HAHAE ol (Maccari et al., 2005 : Lee et

A

2], NADPHZ  NADP+2 &5}o]



ofl glucose =22, Fro o5 ndTo] FEEHT A= U glucosed
Olsl} &/ dAtAFo] A7|A =1, aldose recuctases EASHA|7 AAATH
o] oF 2-48}9] glucose”’t polyol pathwayS &5l sorbitol¥t fructose”}
M= (Travis et al,, 1974 ; Malone et al., 1980). 21802 Z2]&
HAAIS] @412 sorbitol 5719F HE0] HF

x5 AERAR Qla] LS| W
S of7|stal (Jin et al, 2011), &A% sorbitole G4 BHLAL

sjol 24
Sud YoE, Gud Ao, gl A4 59 g FEEe e
=lt}t (Heath and Hamlett, 1976). ThatA] Z2]2 tjAte] Q35 &4 AR

l:r4
o
ok P~
o[\
1o

= Alolish= 2422 sorbitel?] Ao SA 27T

A&t ool et ofAlzAf i 7HsdS 7S (Kawanishi et al,

Py
mok

fo=zA, o

1986). £35] dZ H2]o] &AstEl machrophages+ cytokines % ofuz}t
prostaglandins (PGs)ab. GAISHA A (NO) =& of=F Ao 2 A= Of
9]

oxide synthase, NOS)2} TSt PGs9] AHAHES mi7fisl= &A4Ql
cyclooxygenase (COX)7F 458hgS 273st= Sa° i7iAl= LA <l
ot (Lawrence et al, 2002: Higuchi et al ., 1990: Laflamme and
Rivest, 2001; Willeaume et al.,1996).

Ui oz NOL AA Uold M@ FFe AASIL BUe xgsto
A7 AZL ot 5 Cjget GEe sto] (Kubes P, 2000),

l-arginine© B E| constitutive nitric oxide (cNOS)?} inducible nitric



oxide synthase (INOS)ol ©Jsf A==t cNOS= LAsHA L=
physiological functionsg Uj7fst= NOS Y
iNOS+= LPS®} cytokines Z2 Al=of| 9lsf &
NOE *§4dstal (Liang et al,1999)., t=stA AAHE NO= xA9] £4H
Ax} wol, Al

rlo
oo
BN
|o
ku
oZ
ox,
ol
ok
FIF
I-'II.
rg

& 59 dz ¥re2 £X A|ZIt; (Yun HY et al, 1996). prostaglandin
E2 (PGE2)= &5 TEO #2 Host= IF5 AA= E5 830 o
ojutt tiAlM| ol COX-20f <Jslf A/dE=lt (Wang MT et al, 2007),
ety 5 9S04 2-NO A/d2 tif& iNOSe|. st Zioje} & &

ot (Huang et al ., 2001). m©=tA, d5 w304 AdH= =4
INOS, COX-29F #3 =424 AdFE oide = gd5 s

o] aF 4 olt} (Koundouras et al ., 2006).
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S AEA S (reactive oxygen species : ROS)
Wy, DEY AR, B

E
Aol oy, 7heet AUoA] ot FEL U2 YA E WAATIA

= At AEYA (oxidative stress)= &, H4&sWES, T,

HEst5ar Heio] Qe 7oz HyEQlon (Halliwell et al., 2003), Tt

sh50] 919lo] §7]E SH (Lee et al, 2007). Alm ol o] ROSE 4
o]sl= 3dtAlet2Alol wlelul A, C, E, glutathione £9] 3152}
superoxide & A|AHst= &49Q SOD (superoxide dismuatase), ¥tAtshS
425 AlAst= catalase, ietE5 A|7{Sh= peroxidasesf= a47F EXY

stol olMEiAIgt, et o] Aol SIHE RUKoE Woig & 9l
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=Z2}d|(Kohlrabi)= 4 HH|= (Papaveraceae) HiF1+ (Brassicaceae)o
&5t 23948 Aaold, +RYuiE v AGYHE 2k it 52
OfAlobatt Mpdwog F7sh=t|, otAlotrt2 o AiZo] sjAlS ™ Al
oy 42 Moz mHol AMG. AMRHde g0l Aol R THO
A2 o Qlth. Kohlrabi® 2 ZzAfule 7]4A 8A7]0
T2 A, RURAHRE] o]fojRS o REE|V FA7|0f X5l T
sHRFRIHol M | Aoz Fgdn. Al Kohlrabi®] 2|z Afui=
1734d otdHEO A LojRekal 7] EEe] Qltt (Bailey, 1975). Z2fd]+=
dul S 5 LERRjao] vlske] HERRl C7F W Woly, o] FA L7
A7t a5 toojEo] £ri= Zlort Ad2A Qlot. (choi et
al., 2010). SuUetolde =2 AFEoA AbjE oy, HAES &
ol AH5 AT OJAIHA ChAa et AlaoA diiag XL Q.

Felule g gurt . Qsst X2 oAl glucosinolates (choi et al,

]
==
=
w
¢)
ro
ol

2010: MaCledo G et al, 1990) @} anthocyanin, ‘carotenoid =& =45}
A &astd (Park et al, 2012), in vitro AFoA F=HWHo] AE&x g
= 7102 Y1 (Edenharder R et al, 1994; Edenharder R et al, 1990)
sjglout, AJejaol T A7E o] REs Aol

gok
b

oetA 2 doMe A Z2H8]9] MeOH F&=o Ojsto] DPPH
radical AAHZA, Total phenolic Contents, ABTS radical AAHZA,
Peroxynitrite AHgwS =45t HALs §3HS % 5taL, Phosphatase

1B A= 3t Lens aldose reductase A Aldloz Stoty | shcty St
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1. ;| &

H Ao At8&st A Ze8] (Brassica oleracea var. gongylodes

green cultivar)e= 2AF ARIAATZ2 B E LQsto] Ajlg2 AR8-shgich

2. A%k & 7171
2.1 A%

LPS from Escherichia coli,-Griess reagent, dihydrorhodamine 123
(DHR 123), DPPH, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT), p-nitrophenyl phosphate (pNPP),
p-nitrophenyla-D-glucopyranoside (pNPG), acarbose, R-nicotinamide
adenine dinucleotide phosphate (NADPH), quercetin, L-ascorbic acid,
DL-glyceraldehyde dimer, dimethyl sulfoxide (DMSO), 2-amino-5,6-
dihydro-6-methyl-4H-1,3-thiazine hydrochloride (AMT), 1-2-amino

-3-mercapto-3-methylbutanoic acid (1-penicillamine),6-hydroxy-2,5,



7,8-tetramethylchroman-2-carboxylic acid (Trolox)& Sigma-Aldrich
Co. (St. Louis, MO, USA)A FU5IHT}E.  Protein  tyrosine
phosphatase 1B (PTP1B, human recombinant)= Biomol® International
LP (Plymouth Meeting, PA, USA)9|A], fetal bovine serum (FBS)<
Gibco BRL (Carlsbad, CA, USA)o|A], Dulbecco’s Modified Eagle's
Medium (DMEM)L Lonza (Walkersville, MD, USA)of|A 13519 T}

2-2. 717]

Protein tyrosine phosphatase 1B A&, RAW 264.7 AN|ZofA 9] cell
viability 72]i2 NO A4 % DPPH radical &4 microplate reader
spectrophotometer (Molecular Devices, VERSA max, CA, USA)Z 5%
tt. NO:, ONOO  Z=AL microplate fluorescence reader (Bio-Tek
Instruments Inc., FLx 800,. Winooski, UT, USA)Z 35}3 o1, ONOO 9
st 2X2 UV spectrophotometer (Ultraspec® 2100pro, Amersham
Biosciences,USA)2 stk AR A& AdolAle] ST == UV / Visible
Spectrophotometer (Ultraspec® 2100~ pro, Amersham Biosciences,

USA) =2 F7gstitt.

2-3. AY ANZZF

ot

0p-A0] AN L9l RAW 264.7 A|xZ+= American Tissue Culture

Collection (ATCC, Rockville, MD, USA)oj|A] Eofdto} AL Y.



Al
=
3-1. & &
3 Z2tv]9 MeOH #& 172 scheme 1014 YetHQlct. Adst 7
A St & oytstal I ofME rotary
o Z2 Yyos o 29 ¢ vh=

Z2HH] (3 kg)ES MeOH= 23] 3
vaccum evaporatoro]] ==st3th ¢
o

sto] & 542.92 g MeOH

Brassica oleracea var. gongylodes green cultivar

(3 ke)

MeOH"(70°C reflux, 3L x 3 times)

Concentrated MeOH extract (542.92 g)

Brassica oleracea var. gongylodes green

Schemel. Extraction of

cultivar



3-2. RAW 264.7 J]=3.9] v

RAW 264.7 ANZES 10% heat-inactivated FBS?F 100 Unit/ml
streptomycin, 100 pg/ml penicilling Z3tety Q= DMEM-E AHE51H

a

37T, 5% CO2/air mixture R710]A vt Tt

_10_



4. in vitro A3

4-1. ABTS radical A2AA&A

7 mMQ] ABTS (2,2-azino-bis[3-ethylbenzothiazoline-6-sulfonic
acid] diammonium salt; A9941, Sigma, USA)?} 2.45 mM potassium
prsulfates £Ysto] A2, d20A 12~16A1XF 5o FX|5t0] radicals
FdAe. ABTS &2 Ag AR 735 nmojd FF=7F 0.70 +
0.02 (mean + SE)o] El=& phosphate-buffered saline (ph7.4)0.2 3]
Asto] ARESIIT =E RE= 20 pko| ABTS &< 180uL = A7ish

of 10~20&%FT <A (AL A2 ®FAISE & 734nmollN SEE=S

(©

57 st (Re 5. 1999). radical, &A= WEs2 HEUW L 50%
A21s% (ICo= pg /mL =2 pM= #E)S A4Sttt Radical 47
=5 vush7] At dA tREFEES  ascorbic acidE AHE5YCH

_11_
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4-2. DPPH radical &AA&A

DPPH radical 47 M@ st #ol: itkstn @alst ailst

AAR o 2 A, 53] phenoldt aromatic amine $tef&E2] F4tehs =70

bt

ool AFEECTH (Blois, 1958). ¥%£9] A®Ql diphenylpicrylhydrazine2

AHAlol 7Rl B4 AR H2ol 520 nmojA] S4AQl 54 band® At}

AL QP Btz AEEch 5, FolE MA: uleioz Agst,

2 2o dste] HH2pre] DPPH Aflo] iMooz wsto] (Fig. 2) 54

A 40 pLob A BT o] ¥he BYCMS Aeolx 3087 WA B,
microplate | reader spectrophotometer (Molecular Devices, VERSA
max, CA, USA)Z 520 nm oA SLES SAGIIUT. Algs FItsHA] &
o oA gz vlaLslo] free radical A7 AL wE gz UER 1

50% Adll &%= (ICso)5 AMSIZ . Bik=.mean + SEM. (n=3)2 Y&}
Ui At

_13_



WS S¥e

N pH5.0-6.5 NH .
OZN\©/N02 + ArOH —————————3» 02N\©/N02 + Aro
NO, NO;
DPPH (DPPH)H
520 nm (purple) 520 nm (yellow)

Fig. 2. DPPH radical scavenging action of antioxidants [ArOH].
(Blois, 1958)

_14_



MeOH solution (160 pL) of Sample at various concentrations

l
Methanolic solution (40 uL) of DPPH (1.5 X 10_4M)
!
Shaking vigorously ( 10-20 sec)
l
Standing at room temperature for 30 min
l

Measurement-of optical density at 520 nm

Scheme 2. Measurement of DPPH radical scavenging activity.
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4-3. ONOO™ A2HAHZEHA

ONOO™ = NO-9} -02-7} ®hgsto] Ade= J1o=z, NO-°F AR A3

89 T, @ Ae] Agowt AW FFZ Auo] o) Faw 2

LY (e}

Do)

<l As] @ guanyl cyclase®] A=, tyrosine nitrarion 2]9] lysine,
protein®] methionine £t7]9] 4tg} U A|A #p4tel Rwof ot Nz =7
SOl #ojserth. E3F nEFEgotof] et o2& 9A|, membrane pump ]
A, GSH9] 17, ADP ribose synthase?] &/dst= QIS DNA &4 2 A

o

I ofjyX] 117, mitochondrial ATP synthase, aconitase 72 AjxA
29 AsHet o2 qid Aol i Eo] W ko] Qlt} (Althaus et
al., 1994; Haenen et al., 1997; Lin et al., 1997). ONOO-+= TtE free
radicalo] vlsl o2 QMFstA|TL, A& pHOA 7] protonst &
of ®Fg7dol mi% =2 'peroxynitrous acid (ONOOH)Z ZF&w=d] o
=22 W7 (1.9 97t e A, o A=z =4 =29 nitrogen
dioxide, nitronium« ien- % hydroxyl radical® Z&AIA|=Z AHE519
oxidation, nitration, “hydroxylation BF2S- S35t} (Nonoyama et al.,
1999). Iyt MlzUolA} ONOO™ 27 &0 Hofste a4t flen
2, 2 aAZEES4S A+ Zo] g% a5ttt (Choi et al., 2002). A&
7HA] B E AH = 49 ONOO AAs2 2= =42+ flavonoid
(Choi et al., 2002), catechin, polyphenol (Van Dyke et al., 2000,
Chung et al., 1998), ergothioneine (Auroma et al., 1999),
defroxamine, urate, glutathione (Menconi et al., 1998), melatonin
(Cuzzocrea et al., 1999) 72]i D-(-)-penicillamine (Fici et al., 1997)
o] k. ONOO 2752 Kooy et al. (1994)9 Fw2 At ¥Psto

_16_



DHR 1239] Atst= &4 st th (Fig. 3). Dimethylformamide=® =<1 DHR
123 (6 mM)= AL X510 -80°Co|A] stock solutionC 2 A4St T}
90 mm sodium chloride, 50 mM sodium phosphate, 5 mM potssium
chloride2 ZAA|st buffer (pH 7.4)S diethylenetriaminepentaacetic
acid (DTPA) 100 pMz} Ao}, DHR 1239] &% =©J} 5 pMo] Ee2 3t
t}. o] working solutiono]| A]|&2} authentic ONOO & A7}5tH HbE =,
H]3Ao] DHR 1230] 33349 rhodamine 12302 8y =}t o]
42 A-S microplate fluorescence reader (Bio-Tek Instruments Inc.,
FLx 800, Winooski, UT; USA)Z excitationZ} emission oHAF ZHzE 4802}
530 nmolld AAsiTh Al2E A7lelA 9 84 TEzd Hwstol
DHR 123 AFet Asff ¥37-5 2 -UEH 1,.50% A5l &%= (ICx)E ALSHA
t}. A= mean +* S.EM. (n=3)2 ERJIC.

_17_



Dihydrorhodamine 123
(DHR 123)

Rhodamine 123

Fig. 3. ONOO™-mediated oxidantion of DHR 123
(kooy et al ., 1994)
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4-4, Total phenol contents &7

A Z28] 559 Total phenol contents= Folin-Denis#-S 285}

-

of 54s5tRt. 1 mg/mLe =2 =9l Al 0.2 mLE Alg¥do] F35
£ 7}stod 5 mLZ THE S Foline-Ciocaleaus' phenol reagent
Aol A WS AIZCE. 10% NagCO3
ZohgN 1 mLS 7iste] 29 & A2olA 1ARE S ¥hg A7l

FedS 700nmofly FFES S5 BEE4A2 galic acidg ©
A
|

_19_



4-5. MTT assayS 9]

RAW 264.7 A|xo] T}
RAW 264.7 N]ZZ 96-well plateo] well & 1.0 X 10° A =7} &
st & 24A|7t vjFsti, FBS-free DMEMO2 w3lst & Alg2 =gd
(200, 400, 800 pg/mL)2 &2]5}dct. 24412t i &, 100 plo] MTT &

ol

=

=X
-1 O

MTT assay ¥fHo=z BXA3519Ct

1=
s 2z

(0.5 mg/ml in PBS)S A7}stiL 2A|7F =OF wjoks}

g FAsL 100 pel DMSOZ A7isto] A

=

A
o

microplate reader spectrophotometer (Molecular Devices, VERSA
max, CA,USA)ES o0]&£35}l 540 nmojjA]
100%= 3519 71513 o0,

standard deviation (n=3)C.2 UER}JSICE

S 1 =2
seE=

oA

Al

_20_



4-6. Nitric oxide &£/ & &

2
ol
)

oR

o

B[}
%)

RAW 264.7 A|ZZ 24-well plateo] well & 1.0 X 10° =7} HE=
B335 5 24417t vjdstitt. FBS-free DMEMO 2 wW&tsh, ThoFsh =%
o] Algs 2A] 7F &<t AA] ¢ &, LPS (1.0 ng/ml)E A2|sto] 18AIZF
&<t Higstdtt. NO & Criess reagents ©]-gsto] Aaufjgel] Fof &Y
st NO29 iz F4sit. M= uief 45 100 pls Fsto
96-well plate® 271 © Griess reagent 100 plS ZA7tsto| microplate
reader spectrophotometer (Molecular Devices, VERSA max, CA,
USA)Z 540 nmoj|A S0 =S =835F¥EL Sodium nitrite=® B&7A=F2 X4

2 A/dsto] nitrite®] &5 A4St INOS AAA1 AMTS tixdo=z
AHESERATE | Z 3= mean + standard deviation (n=3)2 = LtEFUQICY.
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4-7. Protein tyrosine phosphatase 1B 2A] &4

protein tyrosine phosphatase 1B (PTP1B)9] <A &AS m7}st= |
H2 Na et al (2006)9] WS wygste] Aastgch PTPIB (human,
recombinant) g A= BIOMOL international LP (USA)2E2H LAt Y.
849 248 p-nitrophenyl phosphate (p-NPP)& 7|&A 24 At&sty] =
Aot Alg 10plet &4 10yl , PTP1B buffer [0.IM NaCl, 1mM
EDTA, 1mM DTT (dithiothreitol)] 30 ul& 35C , b5~108%F
preincubation A|Zl & 7]|A+(p-NPR)..50 uls #A7}sko] 35°C, 2087t
incubationgt & 10M NaOH 10 pl& Yo B8F2 £=72 A|Zlth o|&
microplate reader spectrophotometer (molecular Devices, VERSA
max, CA, USA)Z 405 nmoj|A] S LY EE SA519 90 positive control=
ursolic acid& ARESHT:. PTPIB AA| &/d2 of2fjo] A5 o]&3sto] 3t

5 IC50 Zro & ghAksleict. (Scheme 2).

Inhibition ( % ) = { 1- (Asam - Asam-C ) / ACont } X 100

Asam @ ZQYAEE 2UL U FY=
Asam-C : Z%ARE 97 pNPPE 24| %U< mjo] 3w
ACont : BHAEE ¥A A%e 1o L=
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Sample 10 pl + PTP1B enzyme 10 ul + PTP1B buffer 30 ul
l

35 °C preincubation for 5~ 10 min

l

Substrate ( pNPP ) 50 ul
!

35 °C incubation for 20 min

l

10 M NaOH 10 nl
!

Measurement of absorbance at 450 nm

Scheme 3. Measurement of proteintyrosine phosphatase 1B

inhibitory activity.
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4-8. Lens Aldose reductase 94| &4

(1) 2499 AX

Lens Aldose reductase 94| A&

Hayman and Kinoshita (1965)7} A&

d510] hpolA 2AE AEHL,
17} sodium phosphate buffer (pH6.2) 0.5 ml2] phosphate buffer&
10,000 rpmo 2 2087F ¥

7}sto] homogenizationstgth o] & 4°CofA]
A & O A5de Fsto.aad o ARRSHIT

(2) At
1.5 ml A4 7F8lof potassium phosphate beffer (pH 7.0) 621 ple} &
4 90 ul Z&A NADPH (1.6.mM) 90 pl, DMSOo]| =0l =& A|2 9 ple}
717¥ o] & ursoy

opx]ak 7)Aol DL-glyceraldehyde (0.05 M)& 90yl
900 pl= 340 nmofA-427F-U/V wvisible spectrophotometer=

NADPH &%= 2482 &4tk
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Aldose reductase AAIEA %=

gAIRE

LS

)} X 10000

Inhibition(%) = { 1-( Acont = Asam ) / Acont } x 100
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Rat lens homogenization in phosphate buffer ( pH 6.2 )
l

Centrification at 10,000 rpm and 4 °C for 20 min.

l

Supernatant ( enzyme preparation )

l
621 pl potassium phosphate buffer + 90 ul NADPH

+ 90 pl enzyme + 9 yul test sample

l
90 pl DL-glyceraldehyde

l

Measurement of absorbance change at 340 nm for 4 min

Scheme 4. Measurement of rat lens aldose reductase inhibitory

activity.
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1. in vitro

1-1.

A =ahulo] MEOH 3& 20
o}, olu HaokgRE fjaaql
Metsto] 1/ 2hge @l wlastiet. A 2eulo] MeOH

©2 table| 10] UERAEE A Zepulo] MeOH %52 4L ICso

Al

d 24

.
_E_L

e

Oist ABTS radical &7
FARle 22| dHA

824.91+£42.84 ng/ml2 | UERton & dj&xorEol
3.39+0.27 yg/ml o] u]a] O3t A7 HAHS Ry
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1-2.  Z2f¥]9] MeOH #%E9 DPPH radical AA&A

& 229 MeOH Z£&E0] thsh DPPH radical 24 #4& 54351
ot ol gz oFFozs dimAQl FAketHlz o] d2{%l L-ascorbic
acidg A®isto] /43 vlwstth. A Z2tv]e] MeOH F&&9 274474
= Tablelo] UeRHCH & Z2fH]e] MeOH F&=F A2 1Cso £4]
801.03 + 0.80 pg/mlz UERFOowm, xRzl L

$X] 2.64 + 0.50 pg/ml-of v]3] OFst A AZ/Z eI

-ascorbic acid ICso
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1-3. A Z22}4]9] MeOH £& 82 ONOO™ AAEA

A ZeH|9] MeOH 29 ONOO AAHEMEE 50% ONOO AAHEA
= UEH= ICs0 3 (ng/mho= YEpilon, 1 Fit= Tablelo] AA|5}
Fct  Z244|9] MeOH &3 &AL ICso0 A] 132.20 + 0.32 pg/ml=
et o, thx°F=9l L- Penicillamine2 1.21 + 0.26 pg/ml  OfA

50%2] ONOO AAH&S HIUCH
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Table 1. Antioxidant activities of the MeOH extract from Brassica
oleracea var. gongylodes green cultivar extract

ABTS" DPPH Peroxynitrite
Samples

ICs (ng/ml)

Mean + S.D
MeOH ext. JE/IRIOV AL 1Y £13D1.08

+ 0.80 132.20 £ 0.32

Trolox 2 3.31 + 0.05

L- Ascorbic acid

£.64 + 0,30

L- Penicillamine c

1.21 + 0.26
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1-4. A Z22H|9] MeOH #%29] Total phenol contents &4

St A 7FHA|Y, Phenolic hydroxyl7| & 7IA|L Qe WS
SHIESY $4o=2 itst 4 &t 59 Ogst Adeed e Yeld=
2 2dqA Aot (Lee et al., 2005; Buval B et al., 2001).
=

A Z2Hd]9] MeOH Z£&50] thsh Total phenol &&Fe Table20]] UEL

d

pac

o O v

Won, 4.64 GAE mg/gl & m stakS UepiCH
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Table 2. Total phenolic contents of MeOH extract from Brassica
oleracea var. gongylodes green cultivar MeOH extract

Extract Total phenolics @

Green cultivar 4.64

aGallic acid equivalents (GAE, mg/g of extract ) for the total phenolic contents.
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1-5. i Z2}v]9] MeOH #%&E9°] MTT assayS ©o|&

RAW 2647 AlZo] ojst A Sejule] MeOH 5589 AZSHe

table 2o et A Z248]9) MeOH F&&=2 200, 400, 800 pg/ml

o] FLoA AN AEgo] 247 89.85 + 13.49, 91.10 £ 3.20, 97.26

£ 091 % 2 UEPdo=R 800 pg/ml o]5te] o4 ALSAo] Gl
Aoz WUy,
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Table 3. Cell viability of the MeOH extract from Brassica oleracea

var. gongylodes extract in Raw 264.7

Extract ug/ml Cell viability (%)
800 97.26
Green cultivar 400 91.10
200 89.85
control 100 + 13.10
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A

A% cytokinesy} 7He CHFE
oger HejeAd vhgo] Redth ety & Ao in vitro ™ Al
oA tANES A5UEE FE5] Y3l LPSS RAW 264.7 Ao A7t
5lo] AL sty on], MAE NO- Griess reagent2 0]83to] Az

=2
b
~
ol
ok
l‘ll‘
=z
O
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ol
£
ju
A
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O
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Fig.4o] UEPH ZA™, RAW 264.7 Al&o] LPS2 Aalsto] Z71% NO9J
MAL 200, 400,800 pg/mle] A Zaju] MeOH Z&20] FMx|a]o] ols)
A LPS EA2] 2o] 8ls) 377 + 071, 9.70 + 853, 1228 + 4.10 %
o2 9oFst NO A& S LIEFWC
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Fig.4. Effect of MeOH extract from Brassica oleracea var. gongylodes
green cultivar On LPS-induced nitrite production

120
100
80
—
=
S
=
— =1
-
%
a0
20
e 3.8%
& 2l em
LPS (1 pg/mil) - + + 4 + +
(ng/ml) | - 200 400 800 AMT AMT
(10 pg/ml) (5 pg/mli)
e T T = L = — = r )

_37_



ek rlo ok

1-7. A Z2u]9] MeOH F%39 Protein tyrosine phosphatase 1B
x| 24

T =

A Z24H|9] MeOH #%29 Protein tyrosine phosphatase 1B <A
_]
o

8 207.13+£19.15 pMQ] ICs0 3rS UERYIth. &9l ursolic acid
5.59+0.44 pM9] ICs0 ZFS YEIUYQITH A Z2t8]9] MeOH F&5E9]
AR

9 == table 40f UEHCH
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Table 4. Inhibitory Activity of the MeOH extract of Brassica

oleracea var. Gongylodes green cultivar on PTP1B

Extract ng/ml Inhibition(%) IC 50 (pg/ml)
500 96.09
Green cultivar 250 59.30 207.13 £ 19.15
125 36.38
ursolic, acid 10 76.84 559 £ 0.44
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1-8.  Z2}4]9] MeOH F& 39 Lens Aldose reductase A &4

A Z2hH|9] MeOH F=&E0] Ojst Rat lens aldose reductase A

e A5 o] JxoFE 2= JEAQl aldose reductasez g

i

= quercetin (Varma et al, 1975, Varma et al., 1977:

2
pAS)

Leuenberger, 1978)& AMEisto] 1 /48 374 v]wstRict.
A Zah]9] MeOH Z&29] &AX T2 table 50 UERHCH A Zajy]
MeOH #Z&9] RLAR AA&/d2 1600 ng/ml o9 &%= ICso %to]

QA UAYAUH =t ofEAMog Zrlstozy okt NOJA ants

1S A

et
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Table 5. Inhibitory Activity of the MeOH extract of Brassica
oleracea var. gongylodes green cultivar on RLAR.

Extract ng/ml Inhibition(%)  IC 50 (ug/ml)
1600 42.22

Green
800 34.63 > 1600

cultivar
400 27.87
5 76.34

Quercetin 1 66.58 0.58 + 0.02
0.2 34.69
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1. & Z28]9) MeOH &=&9| tist ABTS radical &7

ol Troloxe} vlmwsliel mf, A 2ohuje] MeOH X352 Z4L ICxo 4]
787.89 + 15.19 pg/ml= UERFOO | tfReFE9] Trolox ICs0 4] 3.3

+ 0.05 pg/ml of B]sH ofeh A" S HEI

dye fag

2. A 229 MeOH . =&=9| tist DPPH-radical A7 42 gz
9] L-ascorbic acid o} H|n3st¥S o, A ZcHH|9] MeOH &5 &
ICs0 %] 801.03 + 0.80 pg/ml= UERGOH, tfxokEQl L-ascorbic
acid ICso %] 2.64 + 0.50 pg/ml of v]3} ofet ~A /S UEHHH

gl

ol
rlo

3. 7 Z2H]9] MeOH F&EEo]| fjgt ONOO- A7 2 fzdd
L-Penicillamine ¢ H|u35IR S ©f, & Z2H]9] MeOH F&= &/d2 ICx

2Rl 132.20 + 0.32 pg/ml= YERFOW, thR2FEQ] [ -Penicillamine
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ICs0 2R 1.21 + 0.26 pg/ml ] A7Z4-S UelAt. ABTS radical,
DPPH radical®] 47 &4 Alalo] vls] 78t A7 84S L)

4. & Z2HH]9] MeOH F&3F9] tfjst Total phenol contents &8 Ald
o]+ 4.64 mg/g GAEQ] m=otds 7He Aoz UEREHD. He4
=42 free radical 2t A Pireteyd 4=z LA oy, 53]
Algo] 239 He dE2 TatstEdo] =2 Aoz deA qloy o
g YA ass UEUE Aoz HuEY 9t

5. A ZH|9 MeOH FZ=°f tigt MTT assays ©o]&3t M2=54d54

T
Alg oM 800 pg/ml o|ske] swojlal MaEs/do] gle Zos HHs)
don], RAW 2647 A &0 LPSE A2fstey F71e NOQ 3782 200,
400, 800 pg/mle] A =Z2t8] MeOH ZF==9] Ax|2]of QlsfjA] LPS U=
A2] oo vlsl 3.77 + 0.71, 9.70 + 853, 12.28 + 4.10 %2 & Okt NO
ANEES LE

6. PTPIB: Q143 ZhaAol = FHuf 28 Jelu X|WA|LoA] SAE]
oA ¢ri, endoplasmic reticulum@l cytoplasmic ®HO| ¢ X|5tL QlO
o (Tonks NK, 2003), o] &4t Ql&uute] ¥ %7]o] Qitst € Q&
2 28A1Q dad £8A 7IASE & A4S Al7|l= 9l&P negative
regulatoro|t}t (Lee, 2007). o]of w2t PTPIB

= Aoz A2 Fe¥e Aluste AE2 AHEE & UASES
Uetdct 22jstd A Z2tv]e] MeOH F&Eof dist PTPIB <

=7t ot¥a, I ZAxp 207.13+19.15 pMeQ] IC50 %f& YERHo] PTP1BC]
A gts A

l‘ll‘
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7. ARS Z3]2 tjatA|9] Al Y] @4 24], NADPHS NADP+z 3Hg
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