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Immunological Activity of Vegetable Soup Made by Extruded Radish
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ABSTRACT

This study was to demonstrate the comparison of immunological activity between vegetable soup made by fresh and
extruded radish in in-vitro (bone marrow-derived macrophages and dendritic cells, and mouse splenocytes) and in-
vivo models. In cell survival tests, extruded radish added to vegetable soup (EVS) and non-extruded radish added
to vegetable soup powder (NEVS) were treated with bone-marrow derived macrophages, dendritic cells, and mouse
splenocytes, and showed no cytotoxic effect at a dose below 1000 pg/mL. EVS treated cells had greater cell pro-
liferation and cytokine [tumor necrosis factor (TNF)-a, interleukin (IL)-6, IL-1pB, IL-2, interferon (INF)-y] production
when compared to the NEVS treated group. Cell surface marker (CD 80/86, MHC class I/II) expression in bone
marrow-derived macrophages and dendritic cells was evenly increased in the EVS treated group. In in-vivo study,
administration of EVS increased for the CD4 and CD8 T cell population in splenocyte and cytokine production (IL-2,
IFN-y, TNF-a) but not Th2 type cytokines (IL-4). Therefore, adding the extruded radish is a more effective method
for vegetable soup to increase immunological activity against immune cells.
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SZEY(Klimp et al., 2002; Schepetkin & Quinn 2006;
Sung et al., 2016).
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Q& o w3kt (Heinonen, 1990; Simon, 1990; Weisburger,
1991; Bendich et al., 1994). F+= A<l itst &<
phenolic compound, flavonoid®} 25 F7]& 3} A8t 49l
amylase 5°] o, LsEF, SFH A E Fikst 59
a7}t Ikl B E o)X t(Shimotoyodome et al., 2001).
T2 35% ool Aoldfrek 20% Welo] wdat
i, 4E 58 sl o, e FEEC] e,
AN A= 2 A 5 S, W A=524 Sl o
st a3t Aokl gelA A tKGilani & Ghayur, 2004;
Yim et al., 2004; Ghayur & Gilani, 2005; Ku et al., 2006).
942 Z2Y9E 3ES caffeic acid 2 chlorogenic acid
S Tt FAE, 95 ol gk AF7F Bary
3 A THTakeda & Kiriyama, 1991a; Takeda & Kiriyama,
1991b). FAHAL HA7|5S = I 345 veh
£ lentinan, @ T FHZHEE AASI 218G L F
WA sle} e AolH dvF &35 YER = eritadenine, A
WollA HlelRl DR A= Zge] F7E =9 F=
ergosterin 52 X JotE HIFATHLee et al,
1997; Hatvani 2001; Enman et al., 2007; Kim et al., 2013).
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™ 24 Q1 ZH(CD80/86, MHC class I/INE2] && 5ol n)
A= FEel st doprHkow, NEVSS EVSE
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Table 1. Compositions of the vegetable soup

NEVS" EVS?

Ingredients ~ Gram/100 mL Ingredients Gram/100 mL
Radish 13.16 Radish 13.16
Radish leaves 0.24 Extruded radish leaves 0.24
Burdock 240 Burdock 240
Carrot 4.00 Carrot 4.00
Shiitake 0.20 Shiitake 0.20

YNEVS: non-extruded radish leaves adding vegetable soup
JEVS: extruded radish leaves adding vegetable soup
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&t7] flske] C57BL6 VH-A2HE =5 AFHE FAPI
(BD Biosciences, San Diego, CA, USA)E ©|-4-3] tEF =
TE5 AAsAT AMHT FFE *7H phosphate buffered
saline (PBS, Invitrogen Co., Carlsbad, CA, USA)S.Z 33]
M & JYFE A A Y3+ red blood cell (RBC)
lysis buffer (Invitrogen Co.)E SmL A 23} 107+ W
A &F3Ath PBSE 3¥ Al ¥ste] Ad7 K775 &3
AAS A, F2 g st FFAZE FAHERE 23}
A1717] 9138k 10% fetal bovine serum (FBS)©] E3HE o]
2= Roswell Park Memorial Institute (RPMI) 1640 Bl #]
(Invitrogen Co.)®ll 2mM L-glutamin, 100 unit/mL penicillin/
streptomycin, 50 uM mercaptoethanol, 0.1 mM non-essential
amino acid, 1 mM sodium pyruvate, 20 ng/mL granulocyte-
macrophage colony stimulating factor (GM-CSF, R&D
Systems, Minneapolis, MN, USA), 20ng/mL IL-4 (R&D
Systems)E F7Fste] 8Y F<F wiFsiiTh & thAAMlE
29| 3= F=37] 98] 10% FBS7F E$HE Dulbecco's
modified Eagle's medium (DMEM, WelGene, Daegu, Korea)
o] 2mM L-glutamin, 100 unit/mL penicillin/streptomycin,
50 uM mercaptoethanol, 0.1 mM non-essential amino acid,
1 mM sodium pyruvate, 25 ng/mL macrophage colony sti-
mulating factor (MC-SF, R&D Systems)S 3 7}sle] 4
&<t i Fataiet.

CHAIMIZ 3 =XIANZ22| M BAlS
NEVS®} EVSE] X217t tAME E FAAMEZL] Al

4% M 9F2 SY) Astel vhes FRAE

NEVS¢} EVSS 747} 500 pg/mL 2 1000 pg/mLe] &%=
223l 37°CE A= 5% CO, ME HjgF7|o A 244]
7R F, AME L FARAES] AE A5
MTT ¥ 2 WST-1 Wol oste] 43It 3-4,5-
dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide (MTT,
Sigma-Aldrich Co., St. Louis, MO, USA) & A<k
PBSYl| 5mg/mLe] =2 gallste] welld 30 uLA H7tst
AL 2AIZE ERE REGAIR & G A5 E AlAS AL Al
W ¥ formazan crystal2 dimethyl sulfoxide (DMSO)|
o] 517 nmollA FEEE ST WST-1 WS 7}
wellel WST-1 &9(Daeillab service, Seoul, Korea) 10 uLE
A7¥ske] 308 E<F WHSAIZ] th2 multi-mode microplate
readers ©]8-3}] 450 nmollA STHE=E SA3IST
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tection Kit I (556547, BD Biosciences)& ©]-83}%1 Flow
Cytometer (FACS, Cytomics FC 500, Beckman Coulter,
Pasadena, California, USA) £41-& A A]8}5 T}, M| a2 A}4to]
AP e= A F Ax9 WSl fIAst= Phosphatidyl
serine (PS)°] A ¢ =™, PSE Annexin V& 7}et st &
At} 53 Propidium iodide (P #3l® DNAS d#
I 33}o] I g AMEE AEXE A 9 o] 85Y
ATH(Vermes et al.,, 1995). M4, AIZE 1x PBSE F+ ¥
Al A3 & 1x Binding BufferZ ©]&3lo] 1x10° cells/mL
S22 FEAZIT o] gl o 2 RE] 100 uL (1x10° cells)®]
MEE AFH 3] SmL culture tubel] 33}, Annexin
V-FITC (5uL)%} PI (5 puL)E #H7bsked 158 &< A9
A A A dAE EFe 1x Binding Buffer
(400 pLYS 713k & FACSE o]&3}o] #4319t}

CHAIMIZ 3¢ =X|&fM|2201 CHEE AIEFIRl 2HIS
NEVSSF EVSe| A 2|7} thA M 3 A gA| 2] Afo]
BRI EHlsl vAle 9FS A flete] mhex
=7 AEZESFY &3t A E g FAGAEE 27
48 well plateo] welld 7x10°71 2 &3 3 NEVS<}
EVSS 77} 500 ug/mL 2 1000 ug/mLe] F=2 223}
o] 37°CE FAEE 5% CO, AlE w71 241 7F ul
Fet T, wlF FEs Al EFE A= TNF-q, IL-6 2
IL-189] gHFs ST ARl E7IRIS] 342 enzyme
linked immunosorbent assay (ELISA) kit (BD Biosciences)

g Abgate] ZYsIsTh

CHAIM|ZE ! ==X AM| 22| M| EH 28 QIXK(cell surface
marker)d| 0|X|= &t

NEVSSH EVSS] A7k thAAE @ 5244 £ A%

29 B4 QA9 B ) MAE 9F & 2] sl

vhos BLAZENE RohE GAAE R $ARAEE
ks

o]

Z+zt 6 well plated] welld 1x107] 2 33 3 NEVS
2} EVSS 77} 500 pg/mL 2 1000 g/mLe] T2 A g
gk 24A17F SRt RESAIT| AL Z42te] A EE 3]st
A o] B] SolZl AFE WAl S5t 3]4E 74zt
9] M|3zol 1 ug/mLe] Fey VI (BD Biosciences)S * 2|3}
o] 4°ColA 2027 WHEAIZL &, A AR} TR Al
B &4 A #4E $I5te] anti-CD80-PE, anti-CD86-
PE, anti-MHC I % II-PE (BD Biosciences)?} 72 M X *
H FAE ZH7} 10008 343t Zbzhe] Al xel A sar
308 F<F WHS-A]7]3 FACSE ©]&-3te] NEVSS}F EVS9)
A7t M R FREA ] AE B 84 1A
ol v X Gl Aste] A8
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2 F S Fade=2 HE38ke] 10% FBS, 100 unit/mL
penicillin, 100 pg/mL streptomycin 33+ RPMI1640 HJA| =
33] A& & ZZ A 7(tissue grinder, Corning Costar,
Corning, NY, USA)Z #A3}ste] A EE FE|A AT
Axdgde] & A A7) 913ted RBC lysis buffer
(BD Biosciences)E #H7tsted A5 A AL, &7
T71& o] &at AxFE FHsAt

HISHIES] HE BAs B)

96 well plateol] welld 1x10702] BIHA LS B33 3
NEVSS} EVSZ 500 2 1000 pg/mL3t %4 thzel
ConAZ 1pgmLe FEg s, 37°CE FAEE
5% COME wjeE7]oll A 24A17F v ggt =, WST-1
(Daeillap service) 242 2 Z+2] welloll 10 uL? 7138}
3 2AIZF B WHEAIZ T 450 nmell A SR EE S5t

SRES R R

o

HIZM|ZZOl| CHet AIO|E71R] BHls EIt

g 2o 2Ry gl A EE 48 well plateell
welld 2x107H4] #+F3 $ NEVS®F EVSE 500 %
1000 pg/mLe] F=2 A g s, =3k FA
ConAZ 1ug/mLe] F=& A8tk 2427 MY 5,
wj g sl EAshE AR ETRRJIIFN-y, IL-2, 4] &
Foll Aste] A Aol BT 9] #3742 ELISA
kit (eBioscience, San Diego, CA, USA)S Al-&-3lo] =4

Z3to] meshE ©]&3te] &Y
. DA EF(1,800 rppm, 3 min,
4°0)3l] A5HS C lysis buffer (Sigma-
Aldrichyol] 527+ AEAIA HAPTE A AT 919 Al
XE RPMI 1640 S0z 94 A=A ¥, 10% FBSS}
1% streptomycin®] $H-+-¥ RPMI 1640 802 A XE 3]
Mg & CD4' T M2 CD8" T MEE ZH317] 98l
PerCP-Cy5.5-conjugated anti-mouse CD4, PE-Cy7-conjugated
anti-CD8a (BD Bioscience)E tubed 1ugd =2 A2
oA 15%7F FAEth 1 mLe] PBSE Yol 33] A3 3
<, flow cytometry (Cytomics FC500, Beckman, Miami,
FL, USA)E =743} th. NEVSS}F EVSE A Fo] 3k vl
9] HAgol|A] ®2]e T M9 cytokine AJHSIE Lo}
H7] 915k, vl 2] gk AlEZE 48 well plateol] well
ZF 0.5x10704 =53t <, purified anti-mouse CD3e %
CD28E 0.5 pgmLe] =2 HT|ste] AEE A=F3IAT
2407 WS F AlEO] NS o]§sto] ELISAS AA|
SFATE IFN-y, IL-2, IL-4 2 TNF-o Z+7he] ELISA kit
(eBioscience)& ©]-&-3to] A|Z2ALS] AHNE A 51Tt

g .

F18 - A - E

A

ool AdyoA] Lojxl A= Statistical package for
social sciences (SPSS, 10.0, IBM, Chicago, IL, USA) soft-
wareE ©|-& 3} one way ANOVA testZ H#43}3.0H,
A87ke] £-9]/d-2 Duncan’s multiple range test= p<0.05
FollA BlaskA T

it

EEREL
NEVS2} EVSS| X{2|7} CHAIMIZ 2l S=X|AM|Zo| M|IZE
MZEZ0]| 0|X|= &

NEVSe} EVSe| A 2|7} thA M 2 A A 29 Al
TS| v = Gl At Frhstr] f1ete] AR
2 XA Mo NEVSS EVSE A zZlsle] MTT %
WST-1 o= Mx 4E&S AFedthFig 1). 7 4
3}, NEVSS} EVSe] B A 2]ollA 500 pg/mL, 1000 pg/
mL XA Al Z50] YePA] = Zo= AU
T3 NEVSSF EVSQ| thA M B S=x)AbA| Eofl A EAF
(apoptosis)S & Al 7] =R ol #ste] dolr 7| ]3]
NEVSS} EVSE 500 pug/mL, 1000 ug/mLZ ZHz} 24X 7F 5
o 212]8}3L Annexin V % PIE ¥A13F ¥ FACSEA S
Bl MEAA 55 #F Sl thFig. 2). 2 A
NEVS$9} EVSE A8 3 A3}, thZ27(Con) (1.77%)3 &
zpo]7F VERA] e¥gtom| LPS 22 (12.5%)2] 4%
Zteb vlawste] YR A ZAAS fFEshe o2 AEE
ATHFig. 2A). FAAFA Eol] NEVSSF EVSE A 2]3h A3}
A2 AdARe} FArsHA AEA R oAM= & 2ol
7F YERA] ¢kgkom LPS HEl(11.6%)e 7% =z
(1.67%)9} vl ate] I A ZAMES fshes Aoz A3
HAHFig. 2B). Al EW A Exato] fabsm Al Euke] &
T4 F7IR ek, | IX A 9] nthA do] AdE o]
Fof] E2)3}= phosphatidyl serine®] A|EZZEHOE =Z0]
FH(Kim et al., 2016). Annexin V<= phosphatidyl serine>}
EolH oz Ajtele], MaEAe] FEOF ARRE I QT
PI= o] Agels BAZ, AT A A FE9)
Azete] A7 S T8 AlExTe R So7t S 94
gheh. wEbA o3k A= wFo] Hol NEVS % EVS?
Agle hAAE B FAFAEAA A Z 5] FIFS 7
A7) egkom, 33 NEVS % EVSe| *2]7} "edAds
of Aust JYFS PIX=A Lotrr] 9t NEVS %
EVS9] F=E 1000 pg/mL ©|3t2 3273t A3 3k t).

NEVS2} EVSS| CHAIMZE L =X AM|ZO0| CHEH AO|E
710l 2H|s0l| 0|xl= Q&

WA E 2 SR EE AHdHA HAodsts EH
o FAAERA, o F2HE AAZ FdE nlojy s d

2 a9
At e HAAE APH O G AL, Aol £
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A MTT assay WST-1 assay
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Fig. 1. Cell proliferation activity of non-extruded vegetable soup powder (NEVS) and extruded vegetable soup powder (EVS) in
bone-marrow derived macrophage and dendritic cell. Each samples were treated at the concentration of 500 and 1000 pg/mL in bone-
marrow derived macrophage (A) and bone-marrow derived dendritic cell (B). Cell proliferation was conducted in triplicates (n=3), and the
results are expressed as mean+SD. Statistical analysis was performed using the Duncan’s multiple range test and ““values with different

letters were significantly different (p<0.05).

A A UN NEVS 500 NEVS 1000 EVS 500 EVS 1000 LPS
- 2.66 255 | |2.86 204 | |2.99 2.20
D
14 s
7 .
© :
x e y L % e
) ) g ;
3 93,288 1.55 | |93, 1.46 9£ 1.43
o 2= e - Tl HRP e
AnnexinV-FITC
B UN NEVS 500 NEVS 1000 EVS 500 EVS 1000 LPS

Pl-Texas Red

AnnexinV-FITC

Fig. 2. Cytotoxicity of non-extruded vegetable soup powder (NEVS) and extruded vegetable soup powder (EVS) on the PI and
Annexin V stained cells. flow cytometry analysis were applicated to identify the mechanism of cells death. Each samples were treated at
the concentration of 500 and 1000 pg/mL in bone-marrow derived macrophage (A) and bone-marrow derived dendritic cell (B). All
experiments were conducted in triplicates (n=3), and the results are expressed as mean+SD.
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I 24 WS A s FHIGCEA AANES F T
ThByun & Byun, 2015). AFO]E7IRIS HAAE 7F A&
AYg 98 Fag AgzdRixteln, h2ME g 4

A E7E AAeE dEA Q] AR EFIRISE TNF-0, IL-6
2 IL-1p 5°] YKKim et al., 2017). TNF-0= %A}
Rtz A WA oJs o9® MEo] I MEEHS
frest, A 9E S48 ~
& v 7] Stk Sung et al.,
E ASAIA AG Hnk

Al B

<

=

2016). IL-6=

&S dsta =¥ g

=

ARSI A o) B aA7IE, BAZS} TA
o] M ZBAC Bolste] TAY WAL L AT
(Byun, 2017).

NEVS®} EVSE] X217} A M EZ 2 R AFH| L] Alo]
E710l BulEo vz 9 & Hrshr] Y5k thaAl
X 9 SR FE| NEVSY EVSE X3 dte] ik A5
Aol EAsh= AtolEFFQI] S-S ELISAYM OS2 =4 &}

A

1500

1000

TNF-o (pg/mL)

IL-6 (pg/mL)

1500

1000

500

IL-18 (pg/mL)

ATHFig. 3). YHHZT LPS AEAl, tAAES] Alo]
E7FSI(TNF-a; 1331.34+742 pg/mL, IL-6; 1061.91+56.3
pg/mL, IL-1B; 1056.41+53.2 pg/mL)o] f-2l& o2 =718}
R, FAFAE] Abo] EFF(TNF-o; 1444.85+55.5 pg/
mL, IL-6; 1245.19+439 pg/mL, IL-1B; 956.77+52.8 pg/
mL)E S7HEE Aoz AFEHAT F=E (500 2 1000
pg/mL) T2 A 322 NEVS A ] FtellA] TNF-a2] 8] 22,
481.83£76.1 ¥ 635.54+54.7 pg/mLE YEFGOH, IL-62
Y &S, 390.02+18.8 & 514.20+73.3 pg/mLE YERSOS
o, IL-1p2] ¥ 3-e 416214492 2 522.82+19.7 pg/mL
2 Yebsth g3 EVS A g FellA TNF-a0] #H]F,
829.46+20.8 B 954.40+£46.2 pg/mLE YE O, [L-69]
WY S, 625.53+.25.5 2 835.25+45.5 pg/mLZ UEFLES
o, [IL-1p8] EH] S, 708.22+42.8 2 919.85+37.1 pg/mL
(M=3)2 YERth 7 2579 FXE Hlaste] Bd
EVS A Foll A Ale]EFRR19] FH| o] foH o7 Z7}
7o w AFEHATH

B ~ 2000F
1500
1000
500

TNF-o (pg/mL

0

1500

1000

500

IL-6 (pg/mL)

IL-1B (pg/mL)

Fig. 3. Cytokine (TNF-a and IL-6) production activity of non-extruded vegetable soup powder (NEVS) and Extruded vegetable soup
powder (EVS) in bone-marrow derived macrophage and dendritic cell. NEVS and EVS was treated at the concentration of 500 and
1000 pg/mL. Lipopolysaccharide (LPS) was also treated at the concentration 0.2 pg/mL in bone- marrow derived macrophage (A) and bone-
marrow derived dendritic cell (B). Cytokine production was conducted in triplicates (n=3), and the results are expressed as mean+SD.
Statistical analysis was performed using the Duncan’s multiple range test and “'values with different letters were significantly different

(p<0.05).
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FAFAEANA NEVS Al TNF-a9] H] &2,
37536+25.0 2 530.33£20.0 pg/mLE YEFO™| IL-69]
Eojge 385414650 2 520.79£19.9 pg/mLE YERES
o, IL-1pe] EH e, 361.05£25.1 2 415.33+14.8 pg/
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Fig. 4. Expression of costimulatory (CD80, 86) and MHC class (I, II) molecules by non-extruded vegetable soup powder (NEVS)
and extruded vegetable soup powder (EVS) in bone-marrow derived macrophage. NEVS and EVS was treated at the concentration
of 500 and 1000 pug/mL. Lipopolysaccharide (LPS) was also treated at the concentration 0.2 pg/mL in bone-marrow derived macrophage.
All experiments were conducted in triplicates (n=3), and the results are expressed as mean+SD.
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Fig. 5. Expression of costimulatory (CD80, 86) and MHC class (I, II) molecules by non-extruded vegetable soup powder (NEVS)
and extruded vegetable soup powder (EVS) in bone-marrow derived dendritic cell. NEVS and EVS was treated at the concentration
of 500 and 1000 pg/mL. Lipopolysaccharide (LPS) was also treated at the concentration 0.2 pg/mL in bone-marrow derived dendritic cell.
All experiments were conducted in triplicates (n=3), and the results are expressed as meantSD.
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Fig. 6. Cell proliferation and cytokine production activity of treatment with non-extruded vegetable soup powder (NEVS) and
extruded vegetable soup powder (EVS) in splenocyte. NEVS and EVS was treated at the concentration of 500 and 1000 pg/mL and
concanavalin A (ConA) was treated at the concentration of 1 pg/mL as a positive control. After 24 h, splenocyte proloiferation was

evaluated by WST-1 assay. Statistical analysis was performed using the Duncan's multiple range test an

were significantly different (p<0.05).
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Fig. 7. T cell population and cytokine (IFN-y, IL-2, TNF-a and IL-4) productions activity in splenocyte separated from mouse
administrated with non-extruded vegetable soup powder (NEVS; 100 mg/kg body weight) and extruded vegetable soup powder
(EVS; 100 mg/kg body weight). NEVS and EVS was fed with NEVS and EVS for 7 days. On days 8, mice were sacrificed and splenocyte
was separated from spleen. T cell population was calculated by flow cytometer. Cytokine productions in culture supernatant were measured
by using ELISA kit. The results are expressed as mean+SD. Statistical analysis was performed using the Duncan’s multiple range test and
*¢ values with different letters were significantly different (»<0.05).
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