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ABSTRACT

Objective : Soybeans of Canavalia gladiata(CG) and root of Arctium Ilappa(AL) have been reported to have anti—
inflammatory, antioxidant effect. However, the immunoregulatory mechanisms of its combinational prescription
remain a matter of considerable debate, In the current study, we investigated whether CG and AL and its
combinational prescription(CG+AL) regulate immune system using chronic immobilization—stress mouse model,
Methods : C57BL/6J mice fixed for 2 hours into immobilization tube after CG, AL, CG+AL oral administration after
2 hours daily for 21 days. After every experiment has ended the C57BL/6J mice were sacrificed on 22 days. The
production of Serotonin and Cortisol, 1gA were observed by ELISA method, The proportion of immune cells such as
T/B cell and macrophage, NK cell were measured by FACS., Then, Real—time PCR was performed to measure the
mRNA expression of Inflammatory cytokines(IL—1beta, IL—6, TNF—a) and T cell activation cytokines(IL—2, IL—10,
IFN—gamma, IL—12p35 / p40).

Result : When chronic immobilization—stress mouse model were treated with CG+AL(1:4), the expression of mRNA
were significantly decreased at the Inflammatory cytokines(IL—1beta, IL—6, TNF—a), While, the levels of mRNA were
significantly increased at immune T cell activation cytokines, Additionally, CG+AL(1:4) combinational prescription
group enhanced immune cells such as T/B cell and macrophage, NK cell, Furthermore, the Immuno—fluorescence
result of brain tissue can confirm that CG+AL(1:4) group significantly increased the BDNF expression,

Conclusion : These result suggest that CG+AL(1:4) combinational prescription has Immune System enhancement

via stress—mediated immunocyte,

Key words : Enhancement of Immune Activities, soybeans of Canavalia gladiata DC semen, root of Arctium lappa,
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3. HPLC &4

HPLC B4 93t acetonitrile’t water= HPLC® &3
o2, trifluoroacetic acid(TFA)= 48 SH9 &uj=
Z}7k J.T. Baker(USA)¢t @HiAsFolA  FUstsict.
Chlorogenic acid®} Chicoric acid E&FEE2 @A o] 24 vk
ol E(HE, ) RRE FAste] AMESHATH HPLC
B AL Waters 2695 2 996 photodiode array detector®]
oJste] sttt E FEECOT FER FEEAL)
EIE(CGHAL)L 20 mg/mlE 70% olgrge] g3t =
PVDF syringe filter2 ARE3lo] oja1}st & BAjof AL&35kITH
Optima pak C18 column(5 ym, 4.6 mm x 250 mm)S ARE5}1o]
FPEgon, 48 2=+ 40TE FASYL, &2 PDA
detectorE AME-3IR T} 0]5*]'2 acetonitrile(A) ¥ 0.1%
TFA 3§ water(B)E ©|-&3t gradient system 2.2 table 13}
Zo] HAHFIPL, 452 1.0 m¢/min, FUFLS 20 w2

shie,

Table 1. The solvent eluction condition for HPLC analysis of the
70%(v/V) ethanol extract of C.gladiata and Arctium lappa .

Time(min) Acetonitrile(A) 0.1% TFA(B)

10 90
10 10 90
50 50 50
52 100 0
62 100 0
65 10 90
75 10 90

4,

% i "*H;ﬂ‘:H—]‘ 94 APTESY Y4939 A
< & Al wE AYSHATHDIUARB2016-031). 43
C57BL/6J F 8% (20-22 g, 8 weeks, Daehan bio,
Chungcheongbuk—do, Korea)E& A% 7|7t B¢ B 2=
23£2C, F% 50£2%E |AStALH, WY F7](12A2F

light/12A17F dark, light turn on 9 am)7} Z&=+= 3
o =83ttt A3 77 T B 2FAEE AFEA ﬁ
HE = J=E AFsa.

5. %53 2d 58 AY 47
HPFES 859 C57BL/6J 3 nh¢2o] S =27
o8 JFHEE BU}EH 217y fejsto] A4 3uke], 2
3ok, E 70% 34 322 100 mg/kg T 3uHg, IE
70% 7% 525 50 ng/kg T 3ute], MR 70% 73
FZE 100 mg/kg T 3ute], 4| 710% F3 &5
50 mg/kg T 3utE], IE 70% FH FEEIL 4R
0% F4 FEEL 114 L2 T BFE(100 mg/kg,
50 mg/kg, 25 mg/kg) 3T 22t 3utg], & 9 27uiE|E AA
stich, WY A Fof F 243t Fof B53 FHO| Yol 2
AZE EF st wid 2A17H 2197 F53 AEHAE
fgith, BE Aol FRE T Atk Il 22UA 9 3|4
(sacrifice) A|FHtH(Fig. 1),

]

6. & Fo R RFH 222 B

OFE-3]4-& 0.5% CMC(Carboxymethyl Cellulose, Sigma
Aldrich, USA)E ZE3te] Eodla, 2L 0.5% CMC
LHE FF Bt FEFA= A+ FAE& 2454 &
H(zonde)E ©]&3te] ¢ WE A AT Fojdict, FF5EY
2X 7 & BEsh=s o] B T FEO Eo 2X7F ¢
HE 183 2EHAE st

7. 54

AY 28 3 AYZEL Ethyl ehter 2 np3 A7l & 50
I.U heparin(APUSAF, Z2JA2F) 20ul2 ATt 3 m¢ A
71(BD Emerald™, USA)E o|-g3lo] A% AAHoz Y&
3lo] 800 ~ 1000 w NS BEsI, 7| HZ(Thymus,
Spleen, LN, MLN)E& &g 3}t

8. A A Cortisol, serotonin AAAZF &2l

A& & 308 ool 3,000 rpm, 4 T4 10&37F A&
sto] @& (plasma)e 2|st] -20 T o R@sHAT}
EA5H mheAY B @HolA 2EHA TEEQ
Cortisol, Serotonin &< enzyme-—linked immuno—
sorbent assay® 339t 22k 34| (antibody)E coating
A8 M(Bio vision, USA)e| 3]43}e] micro—96wello]
coating®t ¥ 4°CoA overnightdtath, Z+ wellS 33] washing
AZgHo 2 AAT Fof A (108 FA4)E 100 w ¥ 5
st 1 Az 5¢t A2oA HXE £ 23] washing &3
g0z A3 o+ HRP congugated &A|(Bio vision,
USA) 100 w0 & st 1 AZE Aol A WX]g & thA] Al
Aok 718E 100w d B8k oA 30 £3F B
3 & 50 w09 stop NS 23 & ELISA reader(Emax,
Molecular Devices) 450 nmo|A &Z =& &4 519}

10
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2 A7 AedH AZAAG, WIBR NS Sa
oj=of B2AF] ¥ 2ZS immuno—fluorescence staining
kit(IF, Thermo Fisher Scientific, USA)H¥¥ o] wa} BDNF
(H-117, Santa Cruz, Heidelberg, Germany)S WH-3-A]7]32
cover glass® @A ALZAIFT) trgM oz IS GAE 5
Sl DAPIZ W AZT. @ BONF 342 @48 7 o
WAL FF o2 AR FYS st o]u|A| 3t syt
olE #A Z2IHS Fo Y= 37 o149 Hippocampus
F99] FFAEE Image J Disclaimer T2 I (https://
imagej. nih. gov/ij/index html) © 2 Z73to] A A2 stict.

10. @R NA IgA BT &

$ET ufe A9 AL micro—96wello] ZEI T IgA
FA(R&D system Inc, USA)®t HRP congugated A
(R&D system Inc, USA)E HH-S-A]#A ELISA reader(Emax,
Molecular Devices) 7|7|2 &3} tt,

11. WBC ¢ &A

$E3} AEYA U vhes muol Wog SEa] W)
FF(WBC)S =& A-&o|#ed 4 (Seoul medical science
institute, Korea)®l 2|3l =33ttt

12, HYAZ &4 53

E73t He7]3HDLN, MLN, Spleen, thymus)2] AZojA]
T cell, B cell, NK cell, macrophage 5 A|Z9] &4 9 4=
HASHE golsty] flal ZH2e] npA7L El= AlEZEH EAHCD4+,
CD8+, CD69+, NK1,1+)E¢] ti& FA(BD PharMingen,
CAYE WHSAIZl & {AZ F3FE47](FACS)¢ Cell Quest
software(BD Biosciences, CA)S T3 HINZ TAHS
glstgith

13. Real-time PCR(RT—PCR)

Total RNA(3—5ug)E 70°ColA 1087 @A ste] WA
AlZ1 3. Reverse transcriptase(MMLV; GI BCO, BRL)%}
dNPT, olimer d(T)E ©]&3te] A=3|AZL AlFdte 458
Az} o uhet 37Tl 6087 B35t cDNAE A&
sttt A E cDNA(0.1-0.2 volume)o ®Y, @5 &
$4A2] primere}t 2.5mM dNTP, Taq polymerase(0,3U/
wl), 10x &F8HE H7ste] Applied Biosystems 7500
Real—time PCR system(Applied Biosystems, USA)E 9]
23} Real time quantitative PCRS 335} t}t. Real time
quantitative PCRe] A2 2% pre—denaturatione 50T
oA 2 min, 94°ColA] 10 min, Z& 3 40 cyclesZ 95T oAl

0.15 min, 60CoIA 1 min 433t}

14, SAAE

RE &4 A%0e 53U AROA =2d U 3 B
(mean)™t EFH A (standard deviation: SD)Z e SiTH,
Zt AYFE A3 g Microsoft Office Excel Student's
t—testE AMESt] A At e, p € 0.05 °|5te] 4
FolA BARLE FoAo] Y= AR WA

o2 I

1. JI€, 4%M B39 HPLC £4

NE, %R BFE(CG+AL) ¥ AEAJE Chlorogenic
acid¥} Chicoric acid®] THEHLS 3] ol EFEL2 12,5,
25, 50, 100, 200 ug/mlQ] T=Z A|Z35l11, CGHALEFE2)
FEE 20 mg/mE 3t HPLC B4 A3t & g&Fe
¥} peak areaito]] AHWPAE =&t HFAS 24
sto] AlAkstgtH(Table, 2). HPLC-PDAS ol43to] 715 fef
Chlorogenic acid®} 4~ 3| Chicoric acidol] tjgt A
EHAzAE ARt kS EAstAT AAY AT
()& 0.99 oo Fud A4S Uehfdck(Fig. 1).
B XA Chlorogenic acid® Chicoric acid®] ¥ 3= Z+z+
12.385%} 26.083 minolA YEltey steke 7k 15 2529
6.06 mg/go = LEFRTH

2, 553} ufe-29] AF 9 7] FA Adt

Table, 32 AFSF7H A7) FAE vehd Aoz 753}
tf Z 7 (Immobilization— stress control, IM_S—CTL)& A
&-(C57BL/6J_Nr)ol| Hldto] AlF Azt Uesal, JE
0% 74 FZE(CGT0%E, olst g F5E&) 100 ng/kg ¥
A(IM_S-CG70%E_100mpk), 43 70% +4 F&E&
(AL70%E, o8t 4% &%) 100 mg/kg Fo+(IM_S—
AL70%E_100mpk), 28|32 7§ 70% FH 253 FER
0% F4 FE2EY 1:49 H&2 TFF EFE(CGHAL
(1:4), olst I&E, 434 1:4 EFE) 100mg/kg FAHIM S—
CG+AL(1:4)_100mpk)ol|A H=3 hRZ(IM_S—-CTL)]
H|gto] A|FHa7t A Uegth(Table, 3). A71RAE &
e A= Table, 20 Uetlilen Z7]19] A (ng)/ A%
(29 Bl&= ettt 4789 FA= Bd<te] 5.05+0.31
mg/g body weightgl d] H|8l| tixellA+= 5.60+0.34 mg/g
body weighZ tha Etout FAAQ Fo3b= U A
oM E TE FE2E 100 mg/kg FoF(IM_S-CG70%
E_100mpk)& ATt Umz] Fojgoi HdatEnt B
FAE Het ey AR f93= it v FA=
g7te] 4.17£0.31 mg/g body weighto]™ F-53} =
oA 4,62+2.41 mg/g body weighZ thd E9tou E4
Al FY9x= gt ZE ARTEA vFe FAl= 3
T B3 2ol gt R =25 ALY A4



REs AEds

A FYA= gt §A4Y FAe ATl 2.85+0.31
mg/g body weighte]® tRFoA+= 2.92+0 mg/g body

G b mdoA] N, AR BB AGFA 2

4

(e}

(1:4)_100mpk)°ollA %
428 Uehygon £44

[e)

23} S5 el wstel whe

HEHE Qg sk olct

weigh® T 3o SAFA F-92k= St AT FA19] Hdh=s ©ed] HghS vastyS ol S E,
M I8 F2E 100 ng/kg FAT(IM_S-CG70%E_100mpk)®  EE F7|olA] NEet 43 5250 Fojo g2 279
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Fig. 1. HPLC chromatograms of Chlorogenic acid standards(A), Chicoric acid standards(B), and the 70%(v/V) ethanol extract of C.gladiata
and Arctium lappa(C) at 330 nm. Chlorogenic acid and Chicoric acid were appeared at the retention time of approximately 12.385 min and

26.083 min, respectively.

Table 2. Index components in quality of Chlorogenic acid and Chicoric acid in 70%(v/1) ethanol extract of C.gladiata and Arctium lappa.

Dosage (mg/mf) Rt (min) Area Compound(%)
Chlorogenic acid 0.1 12,398 4,956,683 100
C.gladiata and Arctium lappa. Complex (Chlorogenic acid) 20.0 12,285 22,679,787 1.5252
Chicoric acid 0.1 26,083 4,584,361 100
C.gladiata and Arctium lappa. Complex (Chicoric acid) 20.0 25.979 11,205,617 0.606

Table 3. The body weight gain and organ weight of heart, spleen and thymus in CG or AL and its complexes extract fed mouse.

csTBL/6I N MMS-orn  MS=CG IM_S—CG IM_S—-AL IM S—AL  IM S-CGH+AL IM S—CG+AL IM_S-CG+AL
= < T0%E_100mpk 70%E_50mpk 70%E_100mpk 70%E_50mpk (1:4)_100mpk (1:4)_50mpk  (1:4)_25mpk
body weight 2.4 -0.6 1.6 1.3 1.2 0.6 15 0.8 0.4
gain
Heart 5.05+0.31  560+0.34  538+0.63  4.59+0.64 4774096 501033  4.35%0.32 41940 4.91+0.33
Spleen 4174031 4.62+2.41 2.6940 2.29+0.64  3.18+0.64  3.18+0.64 2.3840 3.02+£0.32  2.34+0.66
Thymus 2.85+0.31 2.92+0 17940 2.5240.32  2.95+1.60  2.38+0.67  2.29+0.64 2.32+0 1.87+0.66
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3. @A A Cortisol, serotonin A=

Fig.2—Ax @& % Cortisol £2& &A% 242, 7§
25 100 mg/kgFodF(IM_S—CG70%E_100mpk, p<0.05)
a3 4R 2E2E 50 mg/kg BoJZ(IM_S-AL70%
E_100mpk, p<0.05)3 7J&, 43 1:4 EFE 100 mg/kg
EoZ(IM_S—-CG+AL(1:4) 100mpk, p<0.01)e)|A HE3}t
f2F(IM_S-CTL)e] Hgtq FTATHeR {4 A
Cortisol 0| ZAE YelgtH(Fig. 2). Fig.2-B= 8%
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% Serotonin +E& A% 2RE, JJE FEF 100 mg/kg
Eo#(IM_S-CG70%E 100mpk, p<0.05), 4EHR =28
50 mg/kg EJZ(IM _S—-AL70%E_100mpk, p<0.05)3 7J
o, 4ER 14 BEFE 100 mg/kg FolF(IM_S—CG+AL
(1:4)_100mpk, p<0.01)T 7E, 43R 1:4 EFE 50 mg/kg
EoZ(IM_S—-CG+AL(1:4) 50mpk, p<0.01)o]A4 HE3}
g2F(IM_S-CTL)e] Hgtq JATHeR |44 A
Serotonin $&°] 715 YElYH(Fig. 2).

1,000 - P

Serotonin level in serum (ng/mil)
w
=3
(=]

ol el Y
&L S L e S
ko L3 [= -
& R & Foy il

Fig. 2. Effects of CG or AL and its complexes on Serotonin and Cortisol level in serum in C57BL/6J mice after 21 days of chronic
immobilization—stress. C57BL/6J mouse were randomly divided into 9 groups of control, receiving normal saline, receiving CG or AL and
its complexes, chronically immobilized(2 h/day immobilization for 21 days). C57BL/6J non—treated group; or(IM_S—CTL) induced with
chronic immobilization—stress vehicle group; or the 70%(v/V) ethanol extract of C.gladiata(IM_S—CG70%E 100 mg/kg and 50 mg/kg), or
the 70%(v/V) ethanol extract of Arctium lappa(IM_S—AL70%E 100 mg/kg and 50 mg/kg), or the CG70%E plus AL70%E(1:4 ratio)
(IM_S—CG+AL(1:4) 100 mg/kg, 50 mg/kg, and 25 mg/kg). Blood samples were collected using cardiac puncture method and(A) serotonin
or(B) cortisol levels were measured by ELISA method. Data are the means+SD of four sections; *p ¢ 0.05; **p { 0.01.

4, ¥ 249 A PFIY

k-2 & 22| Hippocampus oA HAFFFMHO
o] 7| ZAa AEHA TEEG AAGle Ao U
BDNF 2&-& glsjd A, Aol H|ste] AEfHA £
53 2F(IM_S-CTL)9] BDNF %do] dA3tA 7F4st
Aot TE FEE 100 ng/kg FAL(IM_S-CG70% E_100
mg/kg)o] F53 h2F(IM_S—CTL)ol H|ste] BDNF L&
o] TAEHeE {4 IA FUHeFHL(p0.05), TE,
R 14 EFE 100 mg/kg FoF(IM S—-CG+AL(1:4)
_100mpk, p<0.01)=, &, 43#M 1:4 EFE 50 mg/kg
EoZ(IM_S—-CG+AL(1:4)_50mpk, p<0.05)¢l4 HE3
g =2Z(IM_S—-CTL)o| v]3te] BDNF @do| = &3 o
2 {94 9A S71stetHFig. 3).

o

5. AA IgA B4

Fig.42 84 ¥ IgA &< ST 2=, JE 735

o

100 mg/kg FF(IM_S—CG70%E_100 mg/kg, p<0.05) 12
I I, MR 1:4 EFE 100 mg/kg FIIM_S—-CG+
AL(1:4)_100mpk, p<0.01), JJ&E, 4FEMH 1:4 BFE 50
mg/kg FEol(IM_S—CG+AL(1:4)_50mpk, p<0.05)l4 H
T3 2Z(IM_S-CTL)ol| Hlgte] BAFHCZ Fo4 3l
Al IgA7} F7HeHE Vet dch(Fig. 4).

Al

6. @Y WBC 5= &<l

Fig.5& @9 5 WBC =& &33 272, 253 g2
(IM_S-CTL)ll vl3te RE AFFAA WBC 59 F7H7}
Y948 JA vEbga, 53], 4% F2E 100 mg/kg F
A2 (IM_S—AL70%E_100mpk, p<0.001) 283 I&, 4
FE 1:4 BE 100 mg/kg F9F(IM_S-CG+AL(1:4)_
100mpk, p<0.01), J&E, 434 1:4 BIE 50 mg/kg £
F(IM_S—-CG+AL(1:4)_50mpk, p<0.05)°0] ¥53} tjz
(IM_S—CTL)°ll H]|st] SA A2 §74 A WBC =7}
7 Uetstth(Fig. 5).
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Fig. 3. Effects of CG or AL and its complexes(1:4) on local brain—derived neurotrophic factor(BDNF) protein expression in hippocampus in

C57BL/6J mice after 21 days of chronic immobilization—stress.

(A) Anti—-BDNF immunofluorescence(red) in the hippocampus of animals from(C57—Nr) C57BL/6J non—treated group; or(IM_S—CTL) induced
with chronic immobilization—stress vehicle group; or the 70%(v/) ethanol extract of C.gladiata 100 mg/kg(IM_S—CG70%E 100 mg/kg), or
the 70%(v/V) ethanol extract of Arctium lappa 100 mg/kg(IM_S—AL70%E 100 mg/kg), or the CG70%E plus AL70%E(1:4 ratio) 100 mg/kg,
50 mg/kg(IM_S—CG+AL(1:4) 100 mg/kg, 50 mg/kg). Right panels show nuclei DAPI stain from the same sections.(B) Densitometric
quantification of BDNF in hippocampus CA3 subregions of animals in the different conditions(n3, each group) in comparison with BDNF
fluorescence staining quantified in hippocampus CA3 from control group. Data are the means=SD of four sections; *p € 0.05; **p ( 0.01.
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Fig. 4. Effects of CG or AL and its complexes on IgA level in serum
in C57BL/6J mice after 21 days of chronic immobilization—stress.
C57BL/6J mouse were randomly divided into 9 groups of control,
receiving normal saline, receiving CG or AL and its complexes,
chronically immobilized(2 h/day immobilization for 21 days).
C57BL/6J non—treated group; or(IM_S—CTL) induced with chronic
immobilization—stress vehicle group; or the 70%(v/1) ethanol extract
of C.gladiata(IM_S—CG70%E 100 mg/kg and 50 mg/kg), or the 70%
(v/V) ethanol extract of Arctium lappa(IM_S—AL70%E 100 mg/kg
and 50 mg/kg), or the CG70%E plus AL70%E(1:4 ratio)(IM_S—CGH+AL
(1:4) 100 mg/kg, 50 mg/kg, and 25 mg/kg). Blood samples were
collected using cardiac puncture method and IgA levels were
measured by ELISA method. Data are the means+SD of four
sections; *p ¢ 0.05; **p { 0.01.

WRBC counting level in blood {(x103/ul

Fig. 5 Effects of CG or AL and its complexes on WBC count number
level in serum in C57BL/6J mice after 21 days of chronic
immobilization—stress.

C57BL/6J mouse were randomly divided into 9 groups of control,
receiving normal saline, receiving CG or AL and its complexes,
chronically immobilized(2 h/day immobilization for 21 days).
C57BL/6J non—treated group; or(IM_S—CTL) induced with chronic
immobilization—stress vehicle group; or the 70%(v/A) ethanol
extract of C.gladiatzIM_S—CG70%E 100 mg/kg and 50 mg/kg),
or the 70%(v/V) ethanol extract of Arctium lappa(IM_S—AL70%E
100 mg/kg and 50 mg/kg), or the CG70%E plus AL70%E(1:4
ratio)(IM_S—CG+AL(1:4) 100 mg/kg, 50 mg/kg, and 25 mg/kg).
Blood samples were collected using cardiac puncture method
and WBC count measured by hematology analyzer. Data are the
meansSD of four sections; *p  0.05; **p { 0.01; ***p { 0.001.
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7. W97]¥HDLN, MLN, Spleen, thymus) FACS

A
~

Mo

1) 283 AEA R 0RA ZHIOA E2/5t DLN
(Draining lymph node) MIZZOIA HIM|ZO| &4 2

o H5t
DLNOA & A4atel B8] 53t df2(IM_S—CTL)ell
A CD4(CD4 T cell marker) CD8(CD8 T cell marker)©]
ZaEE AL A9 5 AT, TIHE FEE, FER &
E, IE, £5iR 1.4 EJE FALNNE= BF 253 gz
T(IM_S—CTL)e| H]3] CD4, CD8¢| F7t=E+ AL &Is
3 4= 9 SltH(Table. 3). ®3F DLNo|A= AA ol vl3) £
53 g 2F(IM_S-CTL)olM &4she CD4"/CD69" 7}
2HE AL AT = 901, TJE FEE, FEE FEE,
&, 4% 1:4 B4E TP E 2F 153 dzd
(IM_S—CTL)| ®|8} &43te CD4'/CD69 7} F71E+ A
S AT £ AL, TE, 4R 1:4 BFE 100 ng/kg F
o (IM_S—CG+AL(1:4)_100mpk)ol|A 7F¢ &Ad3td cD4*
/CDB9" 7} 71 | A& Bl 5= 9I3lch(Table, 3). DLNO
A ZAstE CD8'/CD69 &= AT vls) H53 gz

(IM_S—-CTL)4IA #AEE AL A 4 Ay, NE F
S5, FER FEE, TE, 51 114 BFE FASNA=
oE BEs) gz (IM_S—-CTL)o| v]sj 42k CD8'/CD69”
7 S EE AS AT ¢ A, DE, FER 14 B
£ 100 mg/kg £2(IM _S—CG+AL(1:4) 100mpk)llA 7}
2 BA43tE CD8Y/CD69 7 271 & AL FHeld & gt}
(Table, 4). DLNeJA 43l8 NK1.17/CD69"= AAHol
el 75 HET(M S-CTL)AA Fase AL fadd
= AN, IE FEE, FER FEE, T, FER 14 5
IE FodAE 25 253 d2F(IM_S—-CTL)o| H]3]
ZAstE NK1.17/CD69 " 7F Z7He = AL &eld 4 U,
TG, 3R 1:4 BYE 100 mg/kg FZ(IM_S—CG+AL(1:4)
100mpk)ell A 7H3 43tE NK1.17/CD69 7F 571 | A
S 18 4= Q1 tH(Table. 3). DLNO|A] BA|E &8 AA+
oo vla B3t 2L (IM_S-CTL) oA 7t RS &
AT 4= UL, TE FEE, FEE FE2E, TJE, FER
1:4 E3E FEALd e F53t i 2Z(IM_S-CTL)o| H|3}
BAIZ &40] $7tEE AL BT = A0, TE, FER
1:4 B3E 100 mg/kg EAZ(IM_S—CG+AL(1:4) 100mpk)
oA BNIZ E4o] 71 71 H A& A 4= UK Table. 4).

Table 4. Fluorescence activated cell scanning(FACS) analysis in DLN(Draining lymph node) in C57BL/6J mice after 21 days of chronic

immobilization—stress

DLN Ccp4t cpg* CD4*/cD69* CD8*/CD69* NK1.1*/CD69* B220%/CD69"
C57BL/6J_Nr 19.79 44,39 2.32 1.24 0.36 2.23
IM_S-CTL 17.25 30.73 1.69 0.70 0.98 3.60
IM_S—-CG70%E_100mpk 31.06 52,33 3.35 2.30 1.60 2.87
IM_S—CG70%E_50mpk 28.70 50.70 2.81 1.28 0.84 2.25
IM_S—AL70%E_100mpk 30.06 42.00 2.38 1.33 0.66 3,43
IM_S—AL70%E_50mpk 31.00 40.64 3.28 1.62 0.86 3.03
IM_S—CG+AL(1:4)_100mpk 27.09 42,96 3.63 2.94 1.95 4,02
IM_S—-CG+AL(1:4)_50mpk 24,62 45,17 2.44 0.93 1.23 3.32
IM_S—-CG+AL(1:4)_25mpk 20.78 43.55 2.54 1.21 1.14 2.22

2) 285t AERA R OIRA ZHIOIA 223t MLN
(Mesenteric lymph nodes) MIZO|A HHAM|ZZO|
2 3 o Hl

MLNeA = Aol vla] 53 i 2(IM_S—CTL)o 4

CD4 TAIE &Ao] #43lH CD8 TAIEZ EAo] F7} He
AL AT = YL, TDE, 4R 1:4 BFE 100 mg/keg
EoZ(IM_S—CG+AL(1:4) 100mpk)oAs B3} gz
(IM_S—CTL)]l ®]3] CD4 TAHZ &/Jo] dATA F7t=E+=
AL I 4 YUTHTable, 5). MLNo|A CD4"/CD69"
ThA|Z 42 Aol vls] F&3F i 2ZF(IM_S—-CTL)lIA
FAaEE AL AT 4 %1, TE 100 mg/kg@M S—CG70%
E_100mpk), 424 100 mg/kg(IM_S—AL70%E_100mpk),
TNE, %R 1:4 2FE 25 ng/kg FoF(IM_S—-CG+AL

(1:4)_25mpk)< A Qg UYmA] FojFoxs R53}t 2
(IM_S—CTL)®]l ®]3] CD4"/CD69" ThAH|E ZAo| F7tH=
AL AT 4 U9, IFolA TE, 4 1.4 EFE
100 mg/kg EJZ(IM_S—CG+AL(1:4) 100mpk)oA 7+%
ZA3tE CD47/CD69 7L 71 | AL AT £ AU
(Table, 5). MLNo|A CD8"/CD69" ThA|Z &AL AAF7o|
Hj3 H53F 2 (IM_S-CTL) oA HaEe AL AT
$ Q3 78 FEE 100 mg/kg(IM_S—CG_100mpk)E
Aot Y2 FoFoAs B3t 2Z(IM_S-CTL)|
H3| CD8+/CD69+ ThA|E &/do] F7tE= AL 1T
AR, AFNA TE, FFEHR 1:4 E4E 100 mg/kg Fo
Z(IM_S—-CG+AL(1:4) 100mpk)elA 713 &43kd cD8*/
CD69'7} 571 | AL AT 4= I3ich(Table. 5). MLNOJA]



T8 2EH

=]
T

NK1.17/CD69" M=Z e AHArFo| vl BE3t EHZ;L
(IM_S—-CTL)A Z}ol7} IR, NHE FEE, 438l &
TE, 43R 1:4 B8 FoFHz 253} I'JJmE(IM,S—

F= okl Bl JIE, 4ER BdE

o w32

2§ 9

CTL)ol H]3) NK1.17/CD69" Th M=
T A TH(Table. 5).

FHAA 2 Hol

Table 5. Fluorescence activated cell scanning(FACS) analysis in MLN(Mesenteric lymph nodes) in C57BL/6J mice after 21 days of chronic

immobilization—stress

MLN cp4t cpg* CD4*/CD69* CD8*/CD69* NK1.1*/CD69*
C57BL/6J_Nr 9.08 10.57 5.72 5.24 3.02
IM_S—CTL 8.40 13.38 4,69 4,96 3.17
IM_S-CG70%E_100mpk 9.84 8.00 3.31 4,37 3.23
IM_S—-CG70%E_50mpk 9.37 9.29 5.22 6.39 4.36
IM_S—AL70%E_100mpk 7.25 7.72 4,08 4,97 3.85
IM_S—AL70%E_50mpk 8.99 10.28 5.77 6.38 2.95
IM_S—CG+AL(1:4)_100mpk 8.70 10.58 4,70 5.48 2.77
IM_S—CG+AL(1:4)_50mpk 9.14 11.67 5.41 5.06 2.33
IM_S—CG+AL(1:4)_25mpk 32.03 19.00 6.70 12,11 1.65

3) 235 AE A R OIRA ZDHIOIN F2|5t HIE
MIZZO A HIM| 22| 2 3! 4~ HEt

H| & (spleen)| A= Ao 3] £53F ) 2(IM S—
CTL)ollAl CD4" & CD8" T &4 NZ 7} Zads AL &
AT = 9)9AL, BE FojioA E53 22 (IM_S-CTL)
H]3] CD4" & CD8" THIZ ZAo] AATHA F71E= AL
geld 4= Atk aFolA JIE, 43R 1:4 EHE 100 mg/kg
EoZ(IM_S—CG+AL(1:4) 100mpk)°llA] CD8+7} 714 %7}
H AL 1T 4 Y tH(Table, 6). H]&oA CD4"/CD69"
T &4 AlZ = Al w8 $53 dfx2+(IM_S-CTL)
oA ztolE & & UAUAT, 4EMR F2E 100 mg/kge}
TE, 438 1:4 5FE 25 ng/kg TS Ae Yz
B A £33 ) 2Z(IM S—CTL)9] H|8] CD4*/CD69"
TAIZ &0l F71E= AL ER1E 5= ASTHTable. 6). HW
oA CD8Y/CDBY" T &4 NE 4Lt FAwd] Hl&)] 2
H2Z(IM_S-CTL)oA HaEE= A AT 5= %%L nE
FolFolA 53 i 2F(IM_S-CTL)*] B3] CD8"/CD69"
TAZ SAo] FAFA 2718 AL ol 2= 9t 1

ZolA TE, F£EE 1:4 BEFE 100 mg/kg FAZANA
CD8'/CD69" A NEZS7F 7MY 71 & A2 &l &= 9)
%E}(Table 6). H|&o)A NKI1.13} NK1.17/CD69" NK &
A ME = Al val FE3t d2F(IM_S-CTL)oA
TaEE ﬁ% I 4= UL, YA BoFgA s £F
3t 2F(IM_S-CTL)ol| H]3] 5= oJ&FHo=2 NKI1.13}
NK1.17/CD69" NKAIZ &4o] dAsA Ztee AL o
At 4= ATk, aFANA TIE, 4R 1:4 BFE 100 mg/kg
Folgo A NK1,13 NK1,17/CD69" NK&A AlZ47} 744
Z7t A AL A 4= 3Ith(Table. 6). v]& oA CD11b"/
CD69" &4 MEE FAE B8 253 d=2Z(IM S-
CTL)olA ZHAEE RS A 4 U9, YA T
Ae 253t d2F(IM _S-CTL)el H3] v= o&deo=z
CD11b"/CDB9" AZE BAo] AATHA F7lEE AL FAT
5 AT, 2FA TIE, FEE 114 B3E 100 ng/kg F
oJZo)A CD11b*/CD69" &4 ME =7} 718 =271 | AL
glg 4 Utk (Table 6).

Table 6. Fluorescence activated cell scanning(FACS) analysis in Spleen in C57BL/6J mice after 21 days of chronic immobilization—stress

Spleen cD4* CcD8* CD4*/CD69* CD8*/CD69*  NK1.1*/CD69* NK1.1* CD11b*/CD69*
C57BL/6J_Nr 9.26 22.26 1.76 1.59 1.79 4.01 5.83
IM_S-CTL 6.32 18.84 1.75 1.22 1.55 2.31 2.12
IM_S-CG70%E_100mpk 14,74 22,47 4.76 4,70 3.42 6.39 4,38
IM_S—-CG70%E_50mpk 8.93 217.80 1.91 2.44 2.09 4,87 5.11
IM_S-AL70%E_100mpk 8.91 26.26 1.47 1.49 1.70 5.84 5.61
IM_S—-AL70%E_50mpk 11.20 22.42 1.77 2.50 1.72 4.68 4.39
IM_S—CG+AL(1:4)_100mpk 12.13 34.47 5.50 7.30 4,65 9.26 8.09
IM_S—CG+AL(1:4)_50mpk 10.60 29.16 3.13 4,74 3.31 6.47 6.47
IM_S—CG+AL(1:4)_25mpk 10.81 28.31 1.61 1.74 2.48 5.85 5.85
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4) 235t AEH A R 0IRA ZHION 225t S
MIZOlA CD4" & CD8" M 2| &AM U 4 B35}

FA (thymus)ol A= Aol 3] F53 t2L(IM_S-
CTL)ol| A CD4" & CD8" A= 47} A EE AL FQIT 4
AL, Yz Fojtoa g3t tf2(IM_S—CTL)e] B3}
BE 9EFoZ CD4" & CDS' Al Ao FASHA S7HE=
AE FAT 5= Ak IFolAM NE, FEE 114 BAE
100 mg/kg ool A CD4" & CD8™ AZ 427} 7}% 71 &
AL el 5= Sl th(Table, 7).

Table 7. Fluorescence activated cell scanning(FACS) analysis in
thymus in C57BL/6J mice after 21 days of chronic immobilization—
stress

Thymus CcD4* CcD8*
C57BL/6J_Nr 8.16 3.92
IM_S-CTL 5.04 1.52
IM_S—-CG70%E_100mpk 7.56 3.57
IM_S-CG70%E_50mpk 7.21 4,80
IM_S—-AL70%E_100mpk 10.26 4.20
IM_S—-AL70%E_50mpk 7.59 3.16
IM_S—CG+AL(1:4)_100mpk 15.47 6.50
IM_S—CG+AL(1:4)_50mpk 9.78 5.62
IM_S—CG+AL(1:4) 25mpk 8.34 4,98

5) T cell, B cell, NK cell & MZ2| &4 2l 4= 3}

NESE 4348, NE, £E5R 114 BEEES AF+Fos vt
$20M F8 HY7|B/ spleen, LN, MLNE &3+ A
EZZ B3t 5 CD4(CD4 T cell marker), CD8(CD8 T cell
marker), NK1,1 (NK cell marker), CD11b(macrophage
marker), CD11c(dendritic cell marker) FA 2 FF IX
st flow cytometry® 248t 11 23t JJE, 4348 1:4
HILES Eo3t ke A FolA] CD4, CDS T cell, macrophage,
dendritic cell®] =&} &40 7P S7F Holgle Ae &<
StEH(Table, 4~7).

8. Quantitative Real Time PCR& o] &3t &
Aol EFRIHH FHA ¢d 9l

v A= Aol vls F53t tf2F(IM_S—-CTL)oll A
EZ #o|EFIQI(IL-1beta, IL-6, TNF—~a) mRNA 3%}
o] 2718 FE 4 919, IL-1beta® WAL T H
B3 B £ JJg &5 100 mg/kg F9F(IM_S—-CG_
100mpk)T} 715, 43 1:4 BFE 100 mg/kg2t 25 mg/kg
EoZ(IM_S-CG+AL(1:4) 100mpk and 25mpk)olA &
AgtH oz §o4 A BA4IF & AEE JEHE A
Felatct, IL-69 HEL TH B BoF F FHE F
£% 100 mg/kg BZ(IM_S—AL7T0%E_100mpk)3+ 715,
434 114 B8 50 mg/kg FOTIM_S-CG+AL(1:4)
_50mpk)Z ALt U R] TFA FASFAT FAH &

olN
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lo

Ao B 4 glgdch vhe TNF-a2 3L 38 B4 BoF
% 78 FEE 100 mg/kg T97(IM_S—-CG_100mpk)et 713,
43R 1:4 EFE 100 mg/kg F9(IM_S—CG+AL(1:4)
_100mpk)ollAl AH ez o4 YA BAIE =5 &
=2 3&5E= AL ZAsAHFig. 6).
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Fig. 6. Effects of CG or AL and its complexes on pro—inflammatory
cyokines gene expression in splenocytes in C57BL/6J mice after
21 days of chronic immobilization—stress.

C57BL/6J mouse were randomly divided into 9 groups of control,
receiving normal saline, receiving CG or AL and its complexes,
chronically immobilized(2 h/day immobilization for 21 days). C57BL/6J
non—treated group; or(IM_S—CTL) induced with chronic immobilization—
stress vehicle group; or the 70%(v/V) ethanol extract of C.gladiata
(IM_S—CG70%E 100 mg/kg and 50 mg/kg), or the 70%(v/4) ethanal
extract of Arctium lappa(IM_S—AL70%E 100 mg/kg and 50 mg/kg),
or the CG70%E plus AL70%E(1:4 ratio)(IM_S—CG+AL(1:4) 100
mg/kg, 50 mg/kg, and 25 mg/kg). Mice spleen were removed and
IL—1B, IL—6, and TNF—a mRNA gene expression analysed quantitative
real—time PCR at the end of the experiment. Data are the means+
SD of four sections; *p € 0.05; **p ( 0.01; **p { 0.001.
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9. Quantitative Real Time PCR& o]-£3 9
TAZ 84 Aol Estalsa %xdz} w4y g

v oA Aol gl B53ks A7l e dxd
(IM_S-CTL)o|A HY THE &4 MME?}OJ(IL—Z, IFN—
y, IL—12p35/p40) mRNA §A=} Wdo] #AS g 4
AL, TH EF

Hste] T, 4R 114 B 7

23

BEoZFo|AE= RE3 ) 22(IM_S—-CTL)
o B oEFoE HY T

& okl HdojA JjE, 4R BdE |

_IR
olN

11

m
oo

AZ &4 RolEFRI(IL-2, IL-10, IFN—y, IL—12p35/p40)
mRNA 32 H@o] F7tehe A& AT 4= 9lolch =3
TE, +FER 1:4 EFE 100 mg/kg Fo(IM_S-CG+
AL(1:4)_100mpk)el| A& F53t tf2Z(IM_S-CTL)o| |3
He THAZ &4 Ro|EFRI(IL-2, IL-10, IFN-y, IL-
12p35/p40) mRNA F3% Tdo] AASHA S71E AL &
A3 5= Q) dch(Fig. 7).

IL-2 mRNA RO of IM_S-CTI

IFN-— mRNA RO of M 8-CT

11-12p3%pd0 mRN A& RO of IM_S-CTLinSpleen

IL-10 mRNA RO of IM S-CTLin Spleen

Fig. 7. Effects of CG or AL and its complexes on anti—inflammatory/regulatory cyokine gene expression in splenocytes in C57BL/6J mice

after 21 days of chronic immobilization—stress.

C57BL/6J mouse were randomly divided into 9 groups of control, receiving normal saline, receiving CG or AL and its complexes, chronically
immobilized(2 h/day immobilization for 21 days). C57BL/6J non—treated group; or(IM_S—CTL) induced with chronic immobilization—stress
vehicle group; or the 70%(v/V) ethanol extract of C. gladiatM_S—CG70%E 100 mg/kg and 50 mg/kg), or the 70%(v/V) ethanol extract of
Arctium lappa(IM_S—AL70%E 100 mg/kg and 50 mg/kg), or the CG70%E plus AL70%E(1:4 ratio)(IM_S—CG+AL(1:4) 100 mg/kg, 50 mg/kg, and
25 mg/kg). Mice spleen were removed and IL—2, IL—10, IFN—y and IL—12p35/40 mRNA gene expression analysed quantitative real—time

PCR at the end of the experiment. Data are the means=xSD of four sections;

=

o3| %‘?3-4’5} 1 2o A] g2 AE FH
AFEE Hrhste, AE f
BT et A s o
NB=E AT, T E(Canavalia
A1} 218 ol Eol Uk olu]
LR ERE FES, A 9 et
aE XU’]‘:‘] oheFslA YAz
J_“”” Wz Ao 3t AL EE Thl/Th2
ZA cytokines ¥ chemokines2 <
ZAog HIE] 21311119, 7159 lectins

*p € 0.05; **p ( 0.01; ***p (0.001.
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2220 ~2EFA Ui B2
B3 4R FE2EL TRRS 'IH LRt AEdA o) 7H
A 2E ASETE in vivoolA FsjEIch HZ Anna
Jung 5o o8 53 AEHAE SE3 FERAA &

Z U Cortisol 3|7} Eon, AEHA 43} mdoA:
Cortisol 47} Fa@ekn Bustgee™, & der=
F53t 2EHLE 5T nheLmdoA EF Y Cortisol
FA7F STVt T BEERLE TE, 4%

—=

Bbste, NE

==

TE=E
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243192 1 Cortisol & HL 4%
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IL—12p35/p40 mRNAFAA}L @3 o] A 3HA F715
ek,

ol AE NE, 4R 1:4 EFE =

T2E JA|, 2EHA JA T AX A4, H 719EF

A7} AEHA ST2EA BDNFEA, HIAME = 24,

SHY HolETRQl oA, B 4 AolETI - E NK

AZgY 57 55 T3t gest UIdS2 A2 Yebldch

wahA AE G FEEQ TES 4FER FEEY AEH A

7] HexdFES Bristdon, IE, 4F R FE2ES

RS W Yehhs 2B A v/ HExH O Aeaits

elst 5= g9t

= LEH A

nR o|

FuEd

1. Orth GK, Moser V, Blom M, Wamala SP, Schenck



10.

11,

12,

13.

14,

15.

F53t 2B A & okl REA J)E,

GK. Survey of stress in women, Heart disease in
Stockholm women is caused by both family—and—
work—related stress. Lakartidningen., 1997 ., 632 :
635—638,

Joels M, Baram TZ. The neuro—symphony of stress.
Nature Reviews Neuroscience, 2009 : 10(6) : 459—466,
Warne JP, Shaping the stress response: interplay of
palatable food choices, glucocorticoids, insulin and
abdominal obesity, Molecular and Cellular Endocrinology.
2009 ; 300(1-2): 137—-146,

McEwen BS. Central effects of stress hormones in
health and disease: Understanding the protective and
damaging effects of stress and stress mediators,
European Journal of Pharmacology. 2008 ; 583(2-3)
174185,

De Kloet ER, Joels M, Holsboer F, Stress and the
brain: From adaptation to disease. Nature Reviews
Neuroscience, 2005 ; 6(6) : 463—475,

Diamond DM, Campbell AM, Park CR, Woodson JC,
Conrad CD, Bachstetter AD, Influence of predator
stress on the consolidation versus retrieval of long—
term spatial memory and hippocampal spinogenesis,
Hippocampus, 2006 ; 16(7) : 571-576.

Kang MJ, Shin JH, The Effect of Black Garlic Extract
on Lipid Metabolism in Restraint Stressed Rats,
Namhae Garlic Research Institute, 2012 . 668—812,
Joo SJ, Choi KJ, Kim KS, Lee JW, Park SJ.
Characteristics of yougurt prepared with 'Jinpum'
bean and sword bean(Canavalia gladiata). Korean
J. Postharvest Sci. Technol. 2001 ; 8(3) : 308—312.
Cho YS, Bae YI, Shim KH, Chemical components in
different parts of Korean sword bean(canavalia
gladiata), Korean J. Postharvest Sci, Technol, 1999
; 6(4) : 475-480,

The Health Department and National Chinese Medicine
Office, Medica,
Shanghai Science Technology Publication, 1998 ; 4
1 385—388, 1998 . 7 : 653—657,

Kim SS, Kim KT, Hong HD. Development of
Chunggukjang adding the sword beans,
Soybean Digest, 2001 ; 18(2) : 33-50.,
Jeon KS, Na HJ, Kim YM, Kwon HJ, Antiangiogenic
activity of 4—O—methylgallic acid from Canavalia

Management Chinese Materia

Korea

gladiata, dietary legume, Biochem, Biophys. Re.s
Commum, 2005 ; 330(4) : 1268—1274,

Ekanayake S, Skog K, Asp NG, Canavanine content
in sword bean(Canavalia gladiata): Analysis and
effect of processing., Food Chem Toxicol, 2007 ;
45 1 797-803,

Kim KA, Screening of Antioxidants from Canavalia
gladiata DC, Master thesis, KonKuk Univ, Seoul,
Korea, 2000; 22: 7-13,

Park JH, Seperation and purification of the antifungal

16.

17,

18,

19,

20.

21,

22.

HER EEES] WIS B 13

antibiotic from Canavalia gladiata, Master thesis,
Kangwon National Univ, Chuncheon, Korea, 2005,
Nimenibo—Uadia R. Effect of aqueous extract of
Canavalia ensiformis seeds on hyperlipidaemia and
hyperketonaemia in alloxan—induced diabetic rats,
Biokemistri, 2003 ; 15(1) : 7—-15,

Chan YS, Cheng LN, Wu JH, Chan E, Kwan YW,
LeeSM, Chan SW. A review of the pharmacological
effects of Arctium lappa, Inflammopharmacology.
2011 : 19 @ 245-254,

Nizamutdinova IT, Kim YM, Chung JI, Shin SC,
Jeong YK, Seo HG, Kim HJ, Anthocyanins from
black soybean seed coats stimulate wound healing
and
Food

in fibroblasts and keratinocytes
preventinflammation in endothelialcells,
Chem Toxicol, 2009 ; 47 : 2806—2812,
Kim OK, Chang JY, Nam DE, Park YK, Jun W, Lee
J. Effect of Canavalia gladiata Extract Fermented
with Aspergillus oryzae on the Development of
Atopic Dermatitis in NC/Nga Mice, Int Arch
Allergy Immunol, 2015 ; 168(2) : 79-89.

Pinto NV, Cavada BS, Brito LF, Pereira RI, da Silva
MT, Castro RR, de Freitas Pires A, Assreuy AM,
Effects of Canavalia lectins on acute inflammation
in sensitized and non—sensitized rats, Inflammation,
2013 ; 36(3) : 713-22,

Jung AN, Lee BK, Lee DY, Lee JI, Jung YS.
Attenuation Effects of Herbal Mixture Extract on
Stress and Sleep Disturbance in Rats, J Korean
Soc Food Sci Nutr, 2016 ; 45(3) : 313—320.

Jeon YJ, Immunomodulatory Activity in Immune

Cells from the Yac—Sun Menu, 2014 ; 613(2) : 22.



