KOREAN J. FOOD SCI. TECHNOL. Vol. 51, No. 3, pp. 263~271 (2019)

https://doi.org/10.9721/KJFST.2019.51.3.263

M=o =28 CHde

KOREAN JOURNAL OF
SR A S RIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

2y

o] - Al
FRLEERRE RS LT

Immunomodulatory and anti-metastatic activities of
polysaccharide isolated from red cabbage

Sue Jung Lee' and Kwang-Soon Shin'*

'Department of Food Science and Biotechnology, Kyonggi University

Abstract In this study, we examined the immunostimulating characteristics of a hot water extract (RCW) and crude
polysaccharides (RCP) of red cabbage. RCW and RCP did not show any cytotoxicity in B16BL6 cells and macrophages.
Although the sugar compositions of RCW and RCP were similar, the uronic acid content of RCP was higher than that of
RCW RCP significantly increased the production of various cytokines and NO, whereas RCW did not affect the
production of cytokines and NO. In an ex vivo assay of natural killer (NK) cell activity, intravenous (i.v.) administration
of RCP significantly augmented NK cytotoxicity against Yac-1 tumor cells at 3 days after RCP treatment. In an
experimental lung metastasis model using BI6BL6 melanoma cells, i.v. administration of RCP at a dose of 1,000 ug per
mouse significantly inhibited 47.3% of lung metastasis. These results suggest that crude polysaccharide isolated from red
cabbage is a promising food ingredient for the prevention of tumor metastasis.
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Korea, 2017). ©]9} 7+ Z3ke] A5 WHo = QAHQ &,
WA AP B @A Fojeh 7he Wio] glo, o= ofn
A A5 aHE v §< oplsiH, 7]
Hog= WMoy a2 9
o] Wz thKim, 2013). o] |
IA BAsE Feste WAREA L ] Be AFAES
Aol HZEE I UrDiwanay 5, 2004; Li 5, 2018; Park¥}
Kim 2012). AE7HA] H3¥ HAZEA = gEE AdAGA <
e Fiedhe o= IEx 2™ (Chen &, 2006), X
HAA AE FolM = Y2 A X (macrophage) 2 A+9144s) (natural
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(HwangZ} Shin, 2008).
el WAz EA| F thdFH(polysaccharide)= WAAE EH

of FAE e FHE12 8 (pattern recognition receptor)©l
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Agtste] d#o] ALH AFALo] FEEH(Kawaidl Akira,
2010), AlzAe] A3 AHES 3 o o]giE o] WY FAo
ZEE okt fxke] HAAE B3 AlA (Kawaik Akira, 2010;

Pennini &, 2013) HFH S =2 cytokine 5°] A2t=Eo] HTHKim
5, 2019). °]& F3to] AJ4kE cytokine FollA tumor necrosis
factor (TNF)-oi= major histocompatibility complex (MHC)2] 2
g FXAA FUAA TS SXA7H (Knutson} Disis, 2005),
interleukin (IL)-12& YHAIEZE ¥z og vljst= NKAIZE &
43k A R o} AMZ2EA T HZT 2K (Gately T,
1992; Kobayashi &, 1989; Trinchieri, 1994), Th1Z} Th2 ¥hg-9]
4% ZdManetti 5, 1993), HAAZ2] NO AJakel] thgh v
(Trinchieri, 1993; Wigginton 5, 1996) 52 92 sl= Ao=
BIEY JtKSmyth 5, 2000).

ekl S5 A A3l (Brassicaceae)dll &3k AlEEM, |,
HE, g2lags) ge ol Fialel A AAHem o
717 AAERZ Fo| o] &= ATHWiczkowski &, 2013). Fgt
2 o= ¢EA] ol (anthocyanin), Z2FE =0] =(flavonoid),
SF3ZA =Y o E(glucosinolate)?t -2 EHo| FHyEojglon,
| 5 SFINEYIES A3 &3t HAoA A Aol ¢
& 4] v 2 A LolA| (myrosinase)dl| €13l 7HEES|E o] o)A
Aleld| o] E(isocyanate), $1&-3-7}H]% (indole-3-carbinol), &E Ao}
o] =(allyl cyanide) ¥ A E&t 2 (sulforaphane) 5.2 HhE| ¥,
FFIAEHE 7S] A2 ddadel st 4
A JrhZhang@ Talalay, 1994). T2t} H a3 et A3=
T2 UEA oM, FRIAAEYO|ES} 242 AEA =2 st
A7t tiRelH, AulE frel LEA thde] Aol o
gt AFe AFs AAolth

w2 Aol A F
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Balb/c (657, female)= Al&H}0] 2 (Saeronbio, Uiwang, Korea)

XN FYIALH, ARt S8 AFEA TEIH dFU

2 & AR AFELE o] Aol ARSI

Ok AR 2% 2343°C, 5 60£10% 2 12417k 7Aoo

ZIhgtn FEAAST LA Fls W
3|

%]
e Fsh AES YA TH2017-004).

FE AT GANNE olgste]l AR AT F, glel g
29 A7hele] ogrgol gelE AABAL AANIT. Hart
AR ke Az F, 10009 SRS B7Eske] 100014 3
4

AZE &< 7Hhste] AeEFEsIith dFFEES 2,500xg00A
2037 Al ate] W AFdS saiglon, o] F AR E
55 B SA7xsl 9 54FEE(red cabbage hot water

extract; RCW)Z 3|alit). UoiA] JSal 4o oehe-g 3
7hstel mwkgh 5, 244 X5k, ©]F 2,500xgol 4] 2087
QYR ste] YA Felslgo o xpe] 2Rz
Agdlsts £49 2

44
polysaccharide; RCP)S AU Tth(Fig. 1(A)).
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frel €5FE= RCW 3 209 RCPY AA=E
3t7] {5t AE(10mgmL)E AZste] o3st &, 50mM
ammonium formate (pH 5.5)= 3P 3HE Shodex GS520+GS320+
GS220 (Asahi Chemical Industry Co., Ltd., Tokyo, Japan)©] %
2% high performance liquid chromatography (HPLC, Agilent
Technologies Co., Santa Clara, CA, USA)S ©]&35to] F4351%10
™, HLPC 4] %71 Table 132 7tk
HoplE foll d5FEE RCW 9 =01 RCPE] 49T, 4
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Table 1. Analytical conditions of samples by HPLC and GC

A, Tl 2 2 keto-3-deoxy-D-manno-octulosonic acid (KDO)<]
TS I Yot F4T 2 #E-34H(Phenol-sulfuric
acid)H (Dubois 5, 1956)0.2, 1M -2 m-slo|=EAH]Hd
(m-hydroxybiphenyl) ¥ (Blumenkrantz2} Asboe-Hansen, 1973)2.2,
chulzl Sheko BradfordH (Bradford, 1976) 2.2, KDO 3#e
tiobarbituric acid H]2}7d (Karkhanis 5, 1978)H<S Ad4 oA
of SHA W ste] AMESITE ZH7te] wAoE AFgES
(galactose; Gal), 2524 galacturonic acid; GalA), &L
Yl(bovie serum albumin) ¥ KDOE ZTE=E=Z A3

¢

4 I

THY B4

ApulF fel E55EE RCW 2 Zbd RCPY] 4T
242 Jones®} Albersheim 5(1972)2] S dF WHPslo] A
stk WA thgS UrE(ldio)E A7) 918k TR mg)
o] 2M EZEF 2o Elk(trifluoroacetic acid)S 1mL 718t
o 121°CelM 9087 7HrielE B3 F, dxsidieh dxd
ool 10 mgé] Faste AU EH(NaBH,)ZH 1 mLe] 1M &Y
OlF(NH,0H)E H7F8laL AH2ollA 447 St ukgale] /)% 2
FANAL. o]F oM EXH(acetic acidyS &% H7lste] 7 2
A8 AR F oW, FAFo g2 7zl oM EARS AA]
915t ek (methanolyS 71et &, Ax37|1E 3k WHEEI91
th olF, dHER HgHE tFE GTE oA H o] E(alditol
acetate) = F-=A|3}8H7] l3ked, 300 uLe] FZAt(acetic anhy-
dride) 2 300 uLe] 2 (pyridine)S 715k 121°CoA 3082 &
¢t kg & AZRAATE o5& FEE X E /& (chloroform/H,0)¢] 2
AR Eelste] FREEXESVE 3 ¥ AR v
Aol oM Eof| &afsle] 712 AZwLE 23 (gas chromatogra-
phy) £4& AEZ ARSIt EHE oMHICIE 4 21e
Table 13} 72T}

HYM=E & AME SHEH

Balb/c mouse®] 7ol 1 mLe] 5% thioglycollate mediums
ARSEAL 96A17F & B el frie® tiAMEE 3]5sisith
e AEZE 2.5x109mLE 2313 96 well platec] 100 pLA
T o] FEE AMXEo| ARE TS TEE I35
100 uLA H7V8kaL 37°C, 5% CO, ¥Ml%71olA 24417F w45
o} FYHEF2] B16BL6 melanoma cell> Alth wiYFE A
43kl 1x10%mLE 23t 96 well plateol] 100 ulL¥ 5

oy
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Instrument 1260 Infinity (Agilent Technologies)
Detector Refractive index (RI; G1362A)
HPLC Column Asahipack GS520+GS320+GS220 (Asahi Chemical Industry Co., Ltd.)
Mobile phase 50 mM ammonium formate (pH 5.5, 0.5 mL/min)
Oven temperature 25°C
Injection volume 20 uL
Instrument GC ACME6100 (YoungLin Co. Ltd., Korea)
Detector Flame ionization detector (FID) (YoungLin Co. Ltd., Korea)
Column SP2380 capillary column (Supelco, USA); 0.25 mmx30 m, 0.2 mm film thickness
GC Carrier gas N, (1.5 mL/min)
Oven temperature 60°C (1 r;g?()j/:ﬁﬁzmc (12 néir(lj)/HZHZSO"C (15 min)
Instrument temperature Injector 240°C, Detector 270°C

Injection volume 1 pL




Ak o] ¢ FFE A2 A8E TS == 345t 100 pL
A H7FIAL 37°C, 5% CO, HlF7]olA 24A|7F vl 3Tt A5
o ME=Y AL Y A5HE AAS F, EZ-cytox (Dogen,
Seoul, Korea)A]2F2 ©]-83}o] water-soluble tetrazolium salt
(WSTHHOZ Aolgle MEe] &S &3kt

CHA| M| = (Macrophage)25E{ cytokine dits £H

Balb/c mouse®] E-74ol 1 mLe] 5% thioglycollate mediums 5=
AFSEIL 96A17F T B el fEE tiAES et AlX
T2 25x10YmLE 24 3ke] 96 well plated] 100 pL¥ EF3}%
o} o] F3E MEe] AEE Y F=2 A3t 100 uL
A H7F8IAL 37°C, 5% CO, Wig71oA 2447 wgsiet. wie
H plates 400xgoll A 5E7F A4l st AEAS 35Ed e
o, gAAEZ2RE ZEHE L6 IL-12 ¥ TNF-a FF
enzyme-linked immunosorbent assay (ELISA) kit (BD Bio-
sciences and eBiosciences, San Diego, CA, USA), A8} Ax(nitric
oxide, NO)|] &2 griss reagent system kit (Promega, Madi-
son, WI, USA)E o] &3t AzARe] A3 wle} 43Tt

X1 A6l (Natural killer) MZ0| 2|8t SMZE A5l
A gl fEl =ohd RCP| 93] E4dskE NK Alx2E 47)
Qs A¥ 39 A, 1€ Aol Balb/c moused| TEEE FHMFAL
sl AFETHOZ XARA FH2 02 B (spleen)S A &3}
Atk HEE WAL stainless steel meshE ©]&-3}] phosphate
buffered saline (PBS) “gollA w}f(100 mesh) 2 &12}200 mesh)
st} HIAZE 3|5t v 2 £ Eo] = AT
E AAB] $181 400xgolA] 5% 7F AAEE &, A
gk AASIL 02% NaClke 1mL H7bete 1£3F
t}. o], 10819 PBSE #7}eta, ¢37H200 mesh)sted 4]
(900 rpm, 5min) 3FRTH HEE7 AAD wjrix] B
2o, AEEst AAY AEE I1x107/mLe] HEE 233}
3L o]E effector cell2 ARE-3IATE Target cell2 NK Aol of
3l 7hpAdo] =8 Yac-l AlEE AME-EIR ™, 96-well plate (U-
type)°ll target cell 1x107/mLe 71522 effector cell} target cell
o] Hl&e] 100:1, 50:1, 25:10] H=% 2gsle] a3l 37°C,
5% CO, ¥F7IelA 6A17F Wi = effect cell®] alsell s}
target cell2 58] 2%+ lactate dehydrogenase (LDH)S] A <F
< EZ-LDH (Dogen)& AH&-sto] Z310m, NK Al2e] F¢F
A3 Adls A ZEZEQ LDHE v o 23 At

5=

W

NK cell activity (%)=[(experimental group—effector spontaneous
—target spontaneous)/(target maximum-—target spontaneous)|x100

LM =0l cHst ™o &y

2ok 5 el 203 RCPY &o] 48 H(lung)ol
2 HolA FUAEF2] BI6BL6 melanomaZS ©|-8-3+ A5
THdo] RS o] 83 TE AR o FhHe] aHE &
317] $8td AlEe FEHEE F Fo 394, 19 23] 4
FAFISG 2™, B16BL6 melanoma A EZZ 3x10Ymouse == %
Asted moused] B FARIATH FFEE 144 5, mouseE 3
At FF AlxEe] 1FH7|HQ HE ZE3F] Bouin’s solution
(Sigma-Aldrich, St. Louis, MO, USA)°ll I3}t A8 2%
o] g3 %9 colonys AlFste] FUHE HES Uiz
o2 H|wsle] A&

o
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Arabino-B-3,6-galactan & =3

Arabino-B-3,6-galactan®] EAE E13517] 918+ B-glucosyl Yariv
reagent (Biosupplies, Parkville, Australia)2}e] ¥+-3-4 71 & Holst
9} Clarke(1979)2] *¥o] w2l single radical & EihHo =z =4
3t} B-Glucosyl Yariv reagent 10 pg/mLE -3k 0.15M
NaCl agarose IS ZASZ F7 3mme] welld Hso] 5%
¥R 343 HFEZH gum arabicHt AlFE 5pgS I £A9S
wellol] Z}2} 71l o] B FREIR 25°CAlA] 15412k
AAAA RESAIZ)AL, AE F24 X3S #E5te] arabino-
B-3,6-galactan®] =A] F-F-5 FHU L, A5} B-glucosyl Yariv
reagent}e] Wh3AJS AHE HHg] HolE Allele] Wit

SH X2

A3 A= SPSS 20.0 (SPSS Inc., Chicago, IL., USA)S A}
|3to] FAAMY siEeH, Hdp+XE AR eI Al
ZF R A % 7 fFo42 ANOVA test & FAZQL AR 4
2 p<0.05 5==ollA4] Duncan’s multiple range test2 AAISIA T

o

nt-

Z3 o
Mol R FES ks 54
Zehl 2 RE 5EE 2 80% e AAYS o]&dk]
NBE Ax3 A3KFig 1(A)) U5
= 0.88% TEE 3FHIoH, GA=E
Ay ArA EZo] EAE FeE= EAlshe Aoz I
[Fig. 1(B)] &3, RCWe| AJE-S HA8 Az

it

I AMF(G6.7%) SR o) FoA Jlon, PAT 4 dd T
Fglucose, Gle, 282%)°] =2 H|&Z AZEATHTable 2). W,

HehF 8 209 RCPE 029%2] 42 3FH%on, 4
ARE 43¢ A3 AEA EZo] R AARHY AeH,
IEA G F peakE AESHOEA HwA PA=T}F §-
et 207 AHEQUTHFig. 1(C)). RCPY] 4RSS 4% 24
Z, RCW thH] $AES Aastal, AHdES S718F Zles g
A= om, PAFORE Glew #48tal offH] =2 (arabinose,
Ara)?} Gal®] P& SV A 02 ER1EATHTable 2).

A EA o= Ak(starch), olEH T 22 AFA tdF{F ol
e AE=Z (cellulose), 37| A EZ > (hemicellulose) Z =&l
(pectin)} 732 HElEZ (pectic substances) 52 7% A EZE
=] JARE HE o]2e] IFES T E FEEE 1
7t olE & Aew deA th(Carpitadt Gibeaut, 1993; Carpitah
McCann, 2000). ©]F @& = F22 287 7 A0
homogalacturonan (HG)3} rhamnogalacturonan (RG)-I % RG-II7}
FHHes AgEe e RAow BHIEI JYOH(ONeill 5,
1990), RG-I> #=Z~(Rhamnose, Rha)®} GalA7} WHzol7hy <
AE [>2)-Rhap-(1—4)-GalAp-(1—>]n 4o Rha2] C(0)4 $1x]|
2] arabinan, galactan, arabinogalactan’} =2 AAH FXE,
RG-IIi= [4)-GalAp-(1—4)-GalAp-(1—]n 53}l KDO, 3-deoxy-
D-lyxo-2-heptulosaric acid (DHA), apiose2} 3-C-carboxy-5-deoxyl-
xylose (aceric acid) -2 SoldS Z3s thgst 27t A=
TZE o]F1 Jvty B EZ UArHEngelsen 5, 1996).

AAE A 9 AT BAS T8 A, AdE w9 2
TFEE RCWe EAl8= Giort e 3d 2 B35S A
1 A fE 2o RCPIME AAR o= Hol gii
B2 FEs ZAeks Ao® AlEHUon, RCPE A,

)
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Red cabbage

Add two volumes of water and homogenizing
Standing for 2 hr
Add eight volumes of ethanol

Ethanol extraction for 2 hr

Alcohol-insoluble residues (AIR)

Hot water extraction (100°C, 3 hr)

Centrifugation (6,500 rpm, 20 min, 4 C)

Supernatants

Evaporation

Lyophilization

Red cabbage
Hot water extract (RCW)
(Yield; 0.88%)

(B)

80% EtOH precipitaion
Centrifugation (6,500 rpm, 20 min, 4 C)
Dialysis (Cut off 12,400) for 2 days

Lyophilization

Red cabbage

Crude polysaccharide (RCP)
(Yield; 0.29%)

RCW

| ﬁ\/
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Fig. 1. Isolation of water extract and crude polysaccharides from red cabbage and their HPLC chromatograms. (A) Isolated scheme of
polysaccharides from red cabbage and elution pattern of RCW (B) and RCP (C) on high performance size exclusion chromatography (HPSEC)

linked with Asahipack GS520+GS320+GS220 column.

Gal ¥ Rha® TJ%|H, apiose, aceric acid B KDO$} 22 5ol
Fol AEHA B2 Ao n|Fo] Hol pectin fref v, L

SJHE RG- Feje] 722 Lhepd Ao2 2759 ChEngelsen
=, 1996).
Homlix Rl &S| HAMME L ZSUM=0| Cigt M=ESM

g %d%%%% RCW 2 Zt}d RCP7} AAAE
ol thAJAME 2 =9k EZ<¢] B16BL6 melanomadl] =4S el
Ex] golt7] 98te] RCW 2 RCPE 1, 10, 100 2 1000 pg/
mLe] =2 Z4zhe] Mz ARs & Alxe] AEE&S WST
W (Tominaga 5, 1999)2 ©l&3te SRk 2 A3,
B16BL6 melanoma Al¥Eol= & FxolA oust 52 & =
Aol YeEA] 2428 9 = gk v FUE F
RCW ¥ RCPE WA Z Mg A3} BE FxA AEXS
o] YJehIA] ko™ RCP 1 ug/mLe Alejeh &

FAA A2 S25e] FERJAFEATKFig. 2).

Mol Rl =ESQ CHAM= E'McZ'RF

A EE B4 FAETl, A, vius ZFAE F)9 1A,
22 g gAY AA 2= %_'%3_94 343 715S 9
ste AlZEH APHGAAN Fag J8S F9dsta e A=
o|thBeutler, 2004; GruchallaZ} Jones, 2003). < B2 ATA=
o] AW-2 X857} ofd @]HH’] FAolgtal ARYEHl wt of
AR xS} e ARUY xS st Al7|= il #ilel

ZE 3 Ath(Hackett, 2003; LohsJJr Bucala 2003). o]l that oot
o2 AERH WY 4 Ed g AvF FHEA X
P glom, B3], AAE Kl o> F2H SAHO=E <l
o] M9 toll-like receptor (TLR), mannose receptor, dectin-1,
complement receptor 3 (CR3), CD14 3 scavenger receptor2} 7+
& Eo] =8| (specific receptor)oll 1A EHA AEZY ATHG
ARE AT, HTHOE AT (reactive oxygen
species, ROS), NO9} 72 chemokine % TNF-o, IL-1B, IL-6,
IL-12 53 72 cytokineS AY4Hste Foez BHIHT ot



Table 2. Chemical properties of RCW and RCP isolated from
red cabbage

Chemical composition (%) RCW RCP
Neutral sugar 60.0£5.0 40.0+£1.6
Uronic acid 36.7+0.8 58.9+1.7
Protein 1.4+0.1 0.4+0.5
KDO" liked materials 2.3+0.5 1.0+£0.5
Polyphenol 0.0+£0.3 0.0+0.4
Component sugar” (Mole%)”
Rhamnose 5.0+£0.3 7.740.3
Fucose 0.5+0.1 0.9+0.0
Arabinose 14.6+0.2 27.5+1.0
Xylose 1.7+0.0 2.440.0
Mannose 1.9+0.1 2.1£0.1
Galactose 8.14£0.2 17.241.2
Glucose 28.2+0.7 2.3£0.1
KDO+DHA® 2.340.5 1.0£0.5
GalA>+GIcA® 36.7+0.8 58.9+1.7

YKDO means 2-keto-3-deoxy-D-manno-octulosonic acid.
Monosaccharides were analyzed using alditol acetates.
9Mole% was calculated from the detected total carbohydrate.
YDHA means 3-deoxy-D-lyxo-2-heptulosaric acid.

9GalA means galacturonic acid.

9GlcA means glucuronic acid.

(Schepetkin 5, 2005; Schepetkin®} Quinn, 2006).

g FE FEl EFFEE RCW 2 Zthd RCPY thaA =
EAJ3}o W cytokine 2 NO B85S =43 A3} Fig. 3), ¥
il e E4FEE RCWE] 49, IL-6, IL-12 2 TNF-a &
T AAEA e Ao FRIF1o™, NOE 1000 pg/mLe] 3L
FroMut mE AEEAT vhE HgulSE e 2o RCPE
fFeHoZ =2 cytokine BAHES UEE Ao=Z FIEe
o, IL-6, IL-12 ¥ TNF-o &5 8 pgmLe] As=olME =2 A
2bFS JERNQITE Bk ol NO9| ZH%olls sk EH0
2 F2 NS VeI AR IL-129] Z9-ell= 8 ug/mL

= 200
(A) g —@— RCW
c —O— RCP
o
o a
—
2 150 - be e
é be ab
>
S . ° c
§ 100 ¢ C
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O 50t
£
[}
o
A
8
E 0 1 1 1 1
NC 1 10 100 1000

Dose of sample (pg/mL)
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Lol AR AAEH 200 ng/mLe] =TS LPSS
2 cytokine AJAHS LERH O, 1,000 pg/mLe] SEEC
5 Zhashe A4S JeRATh weti AlFe] gialMx
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okl faf Z=CHe| Xted Msf M= st

NK AZE YT AF) ALaH JAFgA 8578
£ B SEa o] A AVHE ol9le] ze EAH(
QE ATt 2EYA WS AT F1S A3 ol5S I
o] A 7

e )

lo 4y

2]
U ASA ARIEFRIS Hulste] MEE APEAIT= A
2 2 484 Jok(Moretta?} Moretta, 2004; Raulet, 2004; Vivier
3} Biron, 2002). ©]213F NK A|ZE IL-15 == IL-129} 7S AL
o|EFRRIA o3 EAslEH, 53] tAME Fell AlelETRI
% 3Rl IL-12= NK AlZe] IFN-y Ak} A2 gajzhe-S ¢
o7= e g5 EAE BHIET IthWalzer 5, 2005).
oA B A7 AguF fel 2ohE RCPY HiAAHE A}
= APIETRR] A% SHA IL-129] Akl S7t
= gk v} gioh mEbA] AHgulS f8 ZohE RCPE NK
I st Al Aolgt AlEES] RCPE Balb/c P20
AUFALSE T YAC-1 Ml2Eo]] gk NK Al AsllsS 5783
A3}HFig. 4), RCP AP & FATRT} T JFHos &
< &S Yepliglen, £3] RCP 1,000 pg/mouse -4 F4]
gt tiu] oF 124 FUkek o2 SERIFUT) wEhA A
fel 209 RCPE= NK Alxe] &4eIxtz 283 Aolgt Als
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Fig. 2. Cytotoxic effect of RCW and RCP isolated from the red cabbage on macrophage cells (A) and B16BL6 melanoma cell lines (B) ir
vitro. NC used media as a negative control. Means with different superscript letters indicate significant differences at p < 0.05 by Duncan’s

multiple range test.
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Fig. 3. Effect of RCW and RCP on the secretion of cytokines (IL-6, IL-12 and TNF-ao)) and nitric oxide (NO) in murine peritoneal
macrophages. NC used media as a negative control and PC used lipopolysaccharide (LPS, 1 pg/mL) as a positive control. Means with different
superscript letters indicate significant differences at p<0.05 by Duncan’s multiple range test.
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Fig. 4. Effect of RCP on cytolytic activity of natural killer (NK)
cells ex vivo. NK cells (effector cells) collected from RCP-injected
Balb/c mice were co-cultured with Yac-1 lymphoma cells (target
cell) with different effector to target ratios (25:1, 50:1, and 100:1).
The production of LDH were determined in the culture supernatant
by LDH kit. NC means NK cells isolated from saline-injected Balb/c
mice. Means with different superscript letters indicate significant
differences at p<0.05 by Duncan’s multiple range test.
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Fig. 5. Inhibitory effect of RCP from red cabbage on lung
metastasis produced by iv. inoculation of B16BL6 melanoma
cells. Five BALB/C mouse per group were inoculated i.v. with 4x10*
B16BL6 melanoma cells and administered intravenously with the
indicated doses of RCP suspended in PBS on 3 days and 1 day
before tumor inoculation. Mice were sacrificed at 16 days after
tumor inoculation and excised lung to count colonies number.
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