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ABSTRACT

Onion peel generated in industrial processes is a rich source of bioactive compounds with biological
activities. This study examined the antioxidant and immune-enhancing effects of the onion peels
produced using a subcritical water extraction method. The antioxidant effects were determined
by the total phenolic content, radical scavenging activity, and antioxidant enzyme activity. The
immune-stimulating activities were evaluated by the cell viability, the levels of cytokines (IL-2
and IL-6) produced by RAW 264.7 cells, and the proliferation of splenocytes. In the onion peel
extract, the total phenolic content was 33.40 + 0.46 mg GAE/g and ICs; values of DPPH- and
ABTS-radical scavenging activities were 143.9 and 22.92 pg/ml, respectively. The superoxide
dismutase activity was 1.88 + 0.00 U/mL at 250 pg/mL and the catalase activity was 3.52 *
0.05 U/mL at 500 zg/mL. The onion peel extract was nontoxic and increased the IL-2 and
IL-6 concentrations in the supernatant from RAW 264.7 cells. Mouse splenocytes were exposed
to various concentrations of onion peel extract with media, lipopolysaccharide, concanavalin
A, or cyclophosphamide. The onion peel extract enhanced the levels of splenocytes proliferation.
Hence, onion peel extract has considerable antioxidant and immune activities and can be a
potential candidate for antioxidant and immune enhancement.
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immune-stimulating activity

This research was supported by the R&D grant (PJ01602002) from the Rural Development Administration, Republic
of Korea.

Received: 24 February, 2023 Revised: 7 May, 2023 Accepted: 16 May, 2023

'Corresponding Author: Sung Hyen Lee Tel: +82-63-238-3681 E-mail: Ishin@korea.kr

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial
License (http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non—commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7856/kjcls.2023.34.2.223&domain=http://kjcls.or.kr/&uri_scheme=http:&cm_version=v1.5

224 SIRX|GALS|MEIIEIS|X| H34H 25 2023

I. A&

oflAls(subcritical water):= pressurized
hot water = superheated watergt11 %= &2
o, 29 #=3100T)0lA AAHEGB74C)7HA]
22.064 MPa oJst2] A A= o]FojA|= 1L
2AYTE R ofdAlTE LRt =0l Hist
of |54 B4 FE5t=t a0 ojgd
% QItHHan et al. 2018; Kim & Lim 2018).
oAl E & Wt B2 WA, 771 SRE
of et =2 8al=, 181 FFA ] TRH o
AE|E, A2 23 7HEslishe =53t 4E
= =t oA -8 289 57 g
o] &2 EZISHARl & WO = o]§F1 9]
tHJo & Lee 2011; Han et al. 2018).

Y Allium cepa L)'= W] &ok= 29
B 220w, AF9 FA FHg Qo HEE
de] AMEE0] $ith(Kang et al. 2015). 719
Aol wet =gt Fulyellow onion), H< FTt
(red onion), 8 YTHwhite onion)& F-EE] 1,
ol o & Jutel w2 YutE FEETHBang
& Cho 1998). 20204 HAA 2oz Fute] AJik
T 104,554 Eollon, = Ak 1,168
EolftiRural Development Administration 2022).
Juk= quercetin, anthocyanin, IS 5
et 71548 BES et AEolH, olHjt 18
A2 Qlsto] hitel, A5, I, S Al
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1%t Rural Development Administration
2022). Quercetin< 4T+ 3] 0.01%7} T
Eo] qlow BHAR A4E fo| oA &
Aol = F 6.5%°1 E5h= quercetin®]
o] tkJoung & Jung 2014). A=
esterified form, free form, Z18]1 H]5+84 A

4, O9H, lignin 53 £84 bound form
59 Hs 2RRHEo] FEo] UtKKim & Lim
2018).

Gt AR oF 10% HE7t 7HEE o= o
BE11 LA, ABR] AAAIE AT A= AE
I B g AAG 13} 7HE AHEY f80] ¥
ORI Utk 7hs Al TSk A HeE7t S
7¥ekal JAGE, Te6] AFRE o] 8EAY H7E
2 WA QItiKang et al. 2015). WA &F
7hg F9 FAHEQl e dS 285t fldf

=
9% 25, §) 25 P BT 5 DU 1S

3
T7F A= ok, §Hf FEI oldATF=
H, 7RSS, A2gEE2y, SR8
SH, A2uEEY 5 Ot S o8
Fgd 289 Pstat 9 tad, Alx
Boay §.3tad}, a-glucosidase Asfaxt,
angiotensin I converting enzyme A3j&} 5
9] gfst 75/do] HAEtHRa et al. 1997,
Son et al. 1998; Kim et al. 2011; Joung &
Jung 2014; Jeong et al. 2015; Kim & Lim
2018; Kim et al. 2023). 5EX8H % oA
&2 ol&sto] AAke Fugd FE529 At
HY F7 BS B EN AR
&2t 9 &8 2Rt 712 AR ARSI

o

N

2 1o
e WE

rot

. 954y

1. Nz &H & 5= Hx

Aol AMEEE AlEe AhdE FREA| oA
At Fute] AEZ ARESIAT. 2 AT 5%
oJsl7} HkE 60T EF AX3t Ales IEHTA
(Blender 7012S, Waring Co., Torrington, CT,
USA)E ©]83t9] 1-10 mm I7|2 E2sto] A



2 A% HHE FAsH, Ao 5T 4 3l
+= FZ7](ASE 350, DIONEX Co., Sunnyvale,
CA, USAYE ol&sielrt. 24d duhdd A=
200 g& 4.4 19| o}JAls= 528 A(ASE Stainless
Extraction Cell, Dionex Co.) Qo] €11 &=
710 A2sto] 8Pt & 2=+ 150C,
FE A 10820 351910, &5 AlXt 5
ot 422 1-10 MPaZ {AI€ oA &
o] BUH, gE FEE2 YIG HAEEA F
Ef(cellulose filter, Whatman, Buckinghamshire,
UK)}E &5t Aso = 149 8§42 AA=L
FEHo] 447 Qe Ao r dojFth It
A olAR FEES 227D 8508,
ilshinBioBase Co. Ltd., Dongducheon, Korea)
2 olgslel Azsky WyRwsh] RAsgn

(Ko et al. 2021).

H2F

2. 3

Pt A ofIAS 2= 20 Lot TFS 80
#L, Folin-Ciocalteu’s phenol reagent(Sigma-
Aldrich Co., St. Louis, MO, USA) 40 pLE 96
well plateof] #5513 387 5%t A-20fA HH-gA]|
Z. 10% NaxCO3 842 60 pLE ¥l A2
A 2A17F B9 BESAIXT & 725 nmollA 3=
£ S5 & Eds 92 #EEEd
gallic acid(Sigma-Aldrich Co.)& F3t & =
A& o]&sto] AR Jung et al. 2022).
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3. DPPH 2iC|Z A &4 &3

FEE ofdAS FEF 50 L9 0.2 mM
2,2-diphenyl-1-picryl-hydrazyl(DPPH,
Sigma-Aldrich Co.) &% 200 xL& %3 96

well plateg =204 302 5% FAA7IL 517

nmoA E4=E S4519H Jung et al. 2022).

4. ABTS 2iC|Z a7 &4 &3

7.4 mM©] 2,2 -azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt(ABTS,
Sigma-Aldrich Co.)2} 2.6 mM9] potassium
persulfateg 1:12 &8sta, #od F4E& 9
Sff A-2of4 16-18AI%t &9t Hasiict. &4
A9 A9 760 nmolA FF&=7t 0.70-0.757F
HES SFHTE AR 3 ARESIE S4E &
A 200 pLot FuHEE ofdAlF FEE 50 ulE
96 well plated] ¥ ¥ st A= 10&
5 BRSAIH T 2859 ABTS @z &4 &
42 9EEES 760 nmollA FFE=E SH ot

7189 Jung et al. 2022).

5. MIZZHHYS

2 AollA AREE RAW 264.7 A2 S
AZF 28 (Korean Cell Line Bank, Seoul,
Korea)ollAl 45t} ARESIATE. RAW 264.7
A= 10% heat inactivated fetal bovine serum
(FBS, Gibco, ThermoFisher Scientific, Waltham,
MA, USA)Z} 1% penicillin-streptomycin solution
(GenDEPOT, Katy, TX, USA)°| Z3Fe Dulbecco’s
Modified Fagle Medium(DMEM, Gibco) BA]
£ ARgsto] 37C, 5% CO; incubatoroll A BiF
oFIrt. HiFE plateol Al RAW 264.7 A7} 80%
= dRsHAE dojd & Aol ARSI

6. Superoxide dismutase EME =X

Superoxide dismutase(SOD) 42 SOD
colorimetric activity kit(Invitrogen Co., Carlsbad,
CA, USAE ol-83to] Z3a19dct. 2x10° cells/mL
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59 RAW 264.7 A ZEE 6 well platec] £5
SEIL 37T oA 4AIZE HiRE & FubgE ofdA
& F2ES HE¥(31.25, 625, 125, 250 ¢
g/mL)E At MZE 48417 B3t vigSH
I, AEHE sl 2 U4AEF(1,500 rpm 10 min,
4T)ot] D2 5RO R SOD S SHA
t}. AR5 10 £} substrate 50 L, xanthine
oxidase 25 uLE 96 well plated] £55l3L 20
£ 52 H-SA17]2 450 nmoA SEEE S4
sttt g #E=2 SOD 4=+ SOD
standardE AREot] I EFE JAOZHE A

Aot Jeong et al. 2022).

7. Catalase 8= &3

Catalase(CAT) /42 CAT colorimetric
activity kit(Invitrogen Co.)& ©]-83lo] =43}
At 2x10° cells/mL &%=2] RAW 264.7 A%
£ 6 well plated] £33l 37ColA 447 HY
It T FEE oA FEEZ s=E(0,
100, 500 pg/mL)E Aottt CAT &4
48AIZF B HigRtE TS B H HAE
(1,500 rpm 10 min, 4C)3lo] &4stH+=d, A
54 25 p1.e}F hydrogen peroxide reagent 25
pLE 96 well plateo] £5511 308 &< A2
oAl WRSAIFTE. Substrate 25 ple+ HRP
solution 25 pLE B F 158 &5 A0A
HSAIZ1AL, 560 nmollA SF=E S5
Fud FEE9] CAT /%= CAT standardE
o|gsto] ¥ HEFE FAS o]&sto] HrIsHTh

(Jeong et al. 2022).

8. ME MZEg =X

o= Fo

RAW 264.7 AJEZ 96 well plateo]] 2x10° cells/
mLE B354 37T, 5% CO, incubatorof|A 44

7t 59t QFFSAAT). A= lipopolysaccharide
(LPS 1 pg/mL, Sigma-Aldrich Co.)& gl 37T,
5% CO; incubatorol A 2A|7F &<t vjFst o
o, FuPEA oAl F5E(62.5, 125, 250 ug/
mL)S A gt Fof 48A17F &3 vt A
SN 100 pL& AASE & MTS(Promega Co.,
Fitchburg, WI, USA) A|9F& 10 pxL EF5ta
37C, 5% CO, incubatoroA 2A|17F WFSAIA
th 3= 490 nmolA S, AE BE
&2 AEE Ao g2 2 225 A
9] BT FA] HEE ALFHITHKim et al.
2022).

9. NI ASHO| Cytokine == EH

RAW 264.7 qIZ(2x10° cells/mL)E 6 well
plateol] #5511 37T oflA] 4A%F iRt T St
A oJAL FEE(62.5, 250 pg/mL) A
Skolth. NZE 48A17F B2t vigFslal ASHS
34 2 4122)(1,500 rpm 10 min, 4C)3F 3]
cytokine =5 EA0f ARSI} Interleukin-
2(0L-2)%F 1L-69] sXZ+ IL-2 ELISA kit
(AE38352MO, Abebio, Wuhan, China)@} IL-6
ELISA kit(abcam 222503, abcam, Cambridge,
UK)Q] protocolol wet S4st3 o, EFE8H
ozRy iEH EESACRRE AL

10. HIZMZE BAs9 =

A 0] H|AS A &3 & Hank's balanced
salt solution(HBSS, Gibco)2Z 23] A|&s}a,
10 mL HBSS7F S°19k= ¥ Alel 52 40 pm
nylon cell strainer(BD Biosciences, San Jose,
CA, USA) StollA &SI Z . A3k HIAHA]
X = histopaque(Sigma-Aldrich Co.)ol &

231 1,500 rpmollA 387 YAE S| "L

0z



T2 Eerqct. 91" Fx3x10° cells/ml)
£ 96 well plate©]] 100 pL&] EFs1al, ZF wello]]
50, 125, 250 pg/mL 5= FHAE ofdAs
FEEZ 50 pl E50IRlH. O<egt ARHRE
BiZ], mitogen?! LPS(1 rg/mlL)2} concanavalin
A(Con A, 5 pg/mlL, Sigma- Aldrich Co.), ¥
AAAIQ! cyclophosphamide (CPA, 1 ug/mlL,
Sigma-Aldrich Co.)& Z+ well]l 50 pL& 5
SkaL 37T ollA 48A17F HiFSHITE BIFgHAA
9] Z415-2 plate]] MTS (Promega Co.) 10 pL
£ F7FskaL 2A17F Bt vt &, 490 nmojlA
SF=E S5 B7Istal(Jung et al. 2022),
A2 A2t HFAZE dRTHcontro) 2&

Aokt

1. 84 24

LE glojgl= SPSS & 13(Statistical Analysis
Program ver. 18.0, SPSS, Chicago, IL, USA)&
ARgoto] BEAREA(ANOVA)RE Zof A|A|5HATE
oAl Ao)7t Sl Foll Histel= Duncan's
multiple range test2 p<0.05 =4 A= &
T Afo]9] ZpolE HAISHATH

m 23 9 32

1. YO OfRIAI F=EEQ| £ s &
Kim et al.(2019)2 429 quercetins
2 FEE FE0] fld ohdet 2%(105-18

5C)2 AIRK5-308)0 e ofdAls FEHes

4 F2E559 F Edle TF2 33.40 + 0.46
mg GAE/gC & Uelth Hisd e AE
Aol de] E2xEo] glom, Atst 9 gt 52
ABE|gAo] 945t Ao F H1E] 7 (Hwang et al.

2015), =] 24 Zdi} vupZgol= s okt
=0] S5 efFHol AkBenito-Romén et
al. 2020).

165TOflA 10&, 500 psi 2ACSZ o JA S
ST I FEE9 T He IS 25.0
+ 1.75 mg GAE/go|11l, 110C E+= 165ToA
158, 500 psi 2A°=Z A stHS wf 218.73
+ 5.68 = 56.68 + 2.28 mg GAE/gl.& &
= 2% 9 ARt wet F ETuE dgolA &
o1& H9HLee et al. 2011; Lee et al. 2014).
FEE E 4 T FEEY F EHs o
F2 211.91 £ 3.749F 233.91 + 1.70 mg/g°|
Ao, 95% ollehE T 60% Wi 79 H7t &
citric acid2 pH 273t Jutgd FE289 F
ZoHE T2 217.12 + 4.42 9 614.67 £
14.51 mg/gl & HIiEtJeon et al. 2012
Joung & Jung 2014). WA & EdlE =
2 oIUAIS FEEAIA AL BFE EAAL 7Y
7HEFE, SREAFE, A2ISFE, A=kt
F5 T US55 T oAl FE4AY
F5 25 9 AR e g FEE W S
ETdlE ol Zol7t e AoE BHIEH
(Jeong et al. 2015; Han et al. 2018; Kim &
Lim 2018).

2. YIPAE OfA|

FHEE oA FEE
st7] Aol 2oz AA &3 JAlst a4
4E B7FoklH

gtz A7 g4do& DPPH- ¥ ABTS izt
27 Be S5t on, 1 3= Table 13
Zt}. DPPH assayx= @48 €42 7HE30=
Z4st= 7FY edE B (Gulcin 2020)2.%,
Hepio] DPPH 2oz R4k} Aol ofsf =

+
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Ao 2 A HBoligon et al. 2014). DPPH
g A A FEEY 527 S
ol wet fojyor &do] F7IeFA(30.8-
81.3%), ICsoat> 143.9 pg/mLOE YElTE
o]d Aol & WHo| W DPPH #dZ &
A &9 Zo7k KuEYEH, 1 mg/ml 5%
oA autoclave® 7IA7IEFET Futg A
DPPH #tjZ 2452 28.39%, A2IUSFEE
2 24.35%, A2uHEEE2 19.53%, 37
FEE2 20.07%% UYeldthjeong et al. 2015).
& G A2 55 F270 Qo 42 g=
I FEE9 [Csofk 1.20-1.83 mg/mL
19t Joung & Jung 2014). ofdAL & W
How A Jupgd 559 DPPH #Hd &
A gL &0 wat 1 EAgolA Zol7 AU
o} 110C E+= 165C, 15&, 500 psi 2722
2Z5F AlZE 0.2 mg/mL 50X 22 64.72
1.829}F 11.45 + 0.22%°1{tHLee et al. 2014).
FEE olIAG FE2EL 25(100-1500)2F
AZH5-208)°l wet S 27 &40 zfolg
UERloH, CO, Aol 9fsf 22 2719 oA
& FEEET 22 U7 4 248 Bt

i

O ¥
AT}

o

H+

Table 1. Antioxidant effects of the subcritical
water extract from onion peels

Concentration DPPH rafiical ABTS radical
(g/ml) e @) actviy ()
50 308 + 0.8 946 + 0.1
100 407 £ 074 996 + 0.0°
250 622 + 1.7 999 + 0.0°
500 744 + 12 1000 £ 0.0°
1000 813 + 0.1* 1000 + 0.0°

ICso” (ug/mL) 143.9 22.92

Results were expressed as the mean = SEM.

*¢ Different letters in a column are significantly
different at different concentrations (p<0.05).

UThe concentration required for a 50% reduction
in DPPH or ABTS radicals.

(Kim & Lim 2018). &t 2 A59] ga42

oA FEES YIEFE L ALTYE

ne
\r
e

ABTS assays ThFst 2419 4isl A4S
Hrlsted AREEE 9P O Z(Schaich et al.
2015), ABTS &z 2344 2 A4 42
285, ABTS gzt ¥kgo= QIgh gAY
285 B9l AR} 58 ST Gulcin 2020).
2 AFolA JoEE oA FEES 94.6-
100%9] ABTS =tz &7 &S E, 1Cso
- 22.92 pg/mLolAHh. 7IY7EFEH 9
ot FEE FEE2 33.29%, AAYFEES
25.35%, SRIAFEES 26.72%, F2uTF
E52 17.45%2] ABTS 2tz &4 &4Jo] B11
= AHJeong et al. 2015). 70% HEH, 70% ©I
B, SEEE-YEE 29 8HE 25T g
A FEEY [Csofk> 42 0.46 + 0.01, 0.43
+ 0.00, 0.62 + 0.01 mg/mLe]}tHDuan et
al. 2015). 44 G FZ2E9 ABTS 2z
AASL 432.78 + 1.43 mg AA eq/gollL
I FEES A 74 FE5T RS = F
Z5-8 citric acid® pH &3 A|59] ABTS 2
Oz 27458 431.22 + 1.657}+ 416.08 + 0.48 mg
AA eq/gl 2 YeGTHJoung & Jung 2014). T
A Fobgd 259 ABTS 2z 4&A 24
< F= T Erjjof et JF T, & AY
o AL oA FEES TS A =2
= gRlIskirt.

Alzzol o] JAket B4 B HFEZ 9IS
SOD%} CAT &4& 75t

1, 29 Zt}. SOD%F CATE= E444k
oxygen species, ROS)ZRE 7| HIsl=
A4S B4R SOD7F ROSE H0,2 HEA7

L

—_—



I CATel 93l &3 442 EajEtHJeong et
al. 2021; Kim et al. 2022). & d3tojlA a4
A olJAS FEE SOD TAL 1.32-1.88
U/mLel3Y, 5=t Eoglo] wet foxos
716tttk LPSE H52 WA RAW 264.7
Azl gut M2 =4 5550, 100, 250 pg/
mL)S #2|3t A} 5.82-6.08 U/mL SOD &4
o] B EItHKim et al. 2022). & JupAd
4 FEFES ¥ o/f¥ B¢ Fofgk A=Y
plasma(7.89 *+ 2.51 U/mg protein)°llA =
Z6.65 £ 1.58 U/mg protein)Er} &2 SOD
A& YERAChernukha et al. 2021). & A
TollA Futd ofdAls 559 CAT 842
3.00-3.52 U/mLol1, H=7} &obdo] wzt
o] foHos Frlelgirt. dut Ax 9 3
£52 LPS A3 RAW 264.7 ME oA
CAT &4& FIAFH2H(Kim et al. 2022), =
o gud 4 F2E9 ArRos A=Y

2.0

Superoxide dismutase activity (U/mL)

0.5
e
0.0 T T T
0 o ) )]
\}zb‘ '5"{} & XV Py

Concentration (ug/mL)

The results are expressed as the mean + SEM.
““The letters on the bars are significantly different
at different concentrations (p<0.05).

Fig. 1. Superoxide dismutase activity of subcritical
water extract from onion peels.

Catalase activity (U/mL)

o

e&&o Y S &
Concentration (ug/mL)

Results are expressed as the mean + SEM.

*dThe letters on the bars are significantly different

at different concentrations (p<0.05).

Fig. 2. Catalase activity of subcritical water
extract from onion peels.

plasma W CAT 4L Z7F3HHChernukha
et al. 2021). ehA B Ae] FupAd oA
I FEEL old B1et FARH F4E 34

TS PN Zoz olE g

3. YUIFAE oAl F=89| At cytokine
2HIs0 0Xl= g

FHEE oA FEE 54 H RAW
264.7 AIZS] FA/of| w|A= FFE ERIsH]
Hotod MTS assays =dFotdct. 11 23, A=
9] BE FEoA thERFQ iR T N2 BEE
o] F7}ksto] 100% ol B 1(Fig. 3a), Yt
A olAG FEE2 AE 540l gl A=
eI

Cytokine HIA|Z7} EH|ol= Tufd 24
HAPA| LS Ato]9] BS 2dsk= Azt w7l
Ao]tHSohn et al. 2012). TAIZ AARIAZ &
HA [L-2= 27] ASWEolA A2 Ate]o] Az
ALE oty Aol 583 IS &

FSoHShin et al. 2020). [L-6= EA4151E BA|
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(a)

(b) ©

140 80
120 2 2 = 70
b 60
= 100} ——q------- . e
< 3 50
C
£ 8o %,
s £ 40
S 60 o
= = 30
o
40 2
20 10 ﬁ
ot " s o —
@@b\'b \/Qg "O{J; d, "13’0 Q@b\

Concentration (ug/mL)

Results are expressed as the mean + SEM.

concentrations (p<0.05).

124
a
10 a
T =
i
£
2 ¢ -
®
=
4 c c
2.
o . " T
F & 8 JE N A

Concentrate (ng/mL)

*¢ The letters on the bars are significantly different at different

Concentrate (ng/mL)

Fig. 3. Effects of the subcritical water extract from onion peels on (a) the cell viability and the
levels of (b) IL-2 and (c) IL-6 produced by RAW 264.7 cells.

zof| o3t HASEEY PIES S5k BAE
A= oz d#A QUrHAliyu et al. 2022).

YA oA FEE9) cytokine S
=73t A3 Fig. 3b E 3¢} ) JuAd
FEE9 62.59 250 pg/mL sZolA 1L-2 A
A2 27.68 £ 3.077 38.11 + 9.08 pg/mL
o], 1L-6 =S 3.57 £ 0.19¢+ 5.76 +
0.21 pg/mLo& YUesth Jo4d 58 A
Y-S o] HIXIE A RAW 204.7 Al
ol BH)E cytokine SR} & SHRS |
Yt ol YA FEE] MRS &5t
AlA 1L-29} IL-6 BHE SAAF7] gEQ] Ao
=2 sf&Hct.

4. STAE OfAI FE=0| HIZMZE SASO
Oixl= g
B2 B ¥ T HE2 st ] A=l
Ofgt HEFo] E3P} o|FoiRl= 7o E, P9
sl e Ho HutsS @Itk HIAAES]

aad

A7U = YRR AHAQ] JIAEA 8
AR HEE ARECHKim et al. 2019). Mitogen
£ WIMEE AFote] HAMES S =
A7 EH9 SH o= HIAIL AolA LPS
9} Con AS HEZOZ ARESITE LPSE B Al
£ AFoto] Al 44L& KFEA7IH, Con A= T
AlZE Aot A= F4A] FE9 Ao EF1RIS]
HH)E S7MAZIHKim et al. 2019). CPAE H]
AAIZS] DNAE 2Zeo]HAIA T 9 B bt
of] oI5t HHES-E AAAZITHChoi et al. 2019).
YA oAl FEES WY &4 a3E &
QIst7] flaf BIAE S4sS SR 1 A
= Fig. 49F Atk HPAAEO] LPS, Con A %
CPASt JH4d olAS: FE2ES AHotuS
o, 2&E9] 57t 2ol et fojdes &
BE7t S7HE AT B0l mAke] g4 W
g, 29A F2ES BT5FT A9 HIHA
3of| LPS®} Con AE At A3t It 294

F2% Aol MAEY FAkso] fojEo



(a) (b)

0.5 0.5
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Proliferation with Media
(0.D.)

Proliferation with LPS

0.0

-3
(90\ & »3& ff"Q ('f & \"’% 'f"&
@ 4

Concentration (ug/mL) Concentration (pg/mL)

Results are expressed as the mean =+
concentrations (p<0.05).

Proliferation with Con A

(a) Cultured with media; (b) stimulated with LPS; (c) stimulated with Con A; (d) cultured with CPA. Control,
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Fig. 4. Effects of the subcritical water extract from onion peels on the proliferation of mouse

splenocytes (in vitro).
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