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ASH; Acanthopanax senticosus HARMS
SYG; Syringaresinol di—O—B8-D-glucoside
CHA; Chlorogenic acid

ISO; Isofraxidin

SYR; Syringin

CNS; Central nervous system

BDNF; Brain-derived neurotrophic factor
NSF test; Novelty suppressed feeding test
OFT; Open field test

IEBW test; Improved elevated beam walking test
ND; Normal diet

FD; Food deprivation

Cont; Control

HF; High frequency

LF; Low frequency

VLF; Very low frequency

nu; Normalized unit

HRYV; Heart rate variability

HC; Home cage

NC; Novel cage

EPM; Elevated plus maze

BSA; Bovine serum albumin

TrkB; Tropomyosin receptor kinase B
PVDF; Poly vinylidene difluoride

TBST; Tris-HCl-buffered saline containing 0.1% (v/v) Tween-20
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Figure 1. Stress activates sympathetic nervous and hypothalamus-pituitary-adrenal

gland axis.
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Figure 2. (A) The leaf and flower, (B) thorns, (C) root, (D) fruit of Acanthopanax
senticosus HARMS.
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Figure 3. The BDNF/TrkB signaling cascade.
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Figure 4. The structures of Acanthopanax senticosus HARMS’s major components.
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Figure 5. Schedule and test apparatus in NSF test. (A) Schedule of the NSF test. FD:
food deprivation. (B) Modified model of the NSF apparatus. (1) Home cage. (2) Novel

cage.
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Figure 6. Improved elevated beam walking (IEBW) as an improved version of the
elevated plus maze (EPM) and analysis of the heart rate variability (HRV) in each
conditions. The three apparatuses: (A) home cage (HC); (B) EPM, (1) view from above
and (2) bird's eye view; and (C) IEBW, (1) view from above and (2) view from the side.
(D) LFnu (normalized unit of the LF value) indicates the sympathetic nervous system
activity. (E) HFnu (normalized unit of the HF value) indicates the parasympathetic
nervous system activity. (F) LF/HF indicates the balance of the sympathetic and
parasympathetic nervous systems. Data are presented as the mean + SE; n =6; *p <0.05,

##p < 0.01 vs. HC (repeated measures ANOVA).
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Figure 7. S type rat shows higher sensitivity to anxiety in the IEBW test than L type
rat. Data are presented as the mean + SE; n = 4; *p < 0.05 vs. L type (unpaired student
t-test) .
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Figure 8. Schedule of the IEBW test.
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AHFFEIL. [Guide for the Care and Use of Laboratory Animals (NIH Publication)] &
O [EERENY) O il X OPRE B 2 2548 || TERE R R R P B EREE St 121~ T
Ehi S o, TRTOFERT 0 b a—/ud, $BERES R PR fHmEEE B 0KR
FTW5 (201644 H 1 A1 5),
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10 HEGHEHT

T—2E, PHEEERERE L UCOR L, #alaobrix. SPSS #igl 26 (IBM) % W
TATo 72, FEoHE% Levene ORRE TR L. BRI HLEICIZ—CBLE 70 BU0HT (oneway-
ANOVA) %M\ 7=, ANOVA THEZENRD bN7-%4 . Dunnett ® t E £ 7213 T3 &K
A MRy 7BEEZHANT, Cont # L DHEEZMRE LTz, FHFOZEIZONTIIRISD &
% Student @ t BE S L < IIIEHIE ANOVA Z W THEZEEZHRE Lz, 2 MO
SUVWTIE, M7 L7 Student Dt BEIC L > THEZEARBE LT, pllE <0.05 2 HE L&
E LTz,
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RS

1 NSF ik
1.1 EETHM~DOEE
HC $&METid, B3R 5 ECORHE, 30 /OB E, KEIIC 1 /5P L L <
BRLFETONL v b ~OFEfEIEIC OV TERER TEITA G2 o 7= (Figure 9A-

C) .

NC & Tld, ASH1% K% OV ASH5%REEIZ 35U T, Cont BE & Hollg L T 2 & ~Uhed 5 %
TORFEAA BN L7- (Figure 9A) . 30 OB EEIX, & CETIA LN
o 7= (Figure 9B) . ASH5%#EIE Cont Bf & bhlie U THRANC 1 47Lh Bl L TRAS F
TOARLy h~OEMEE A EICED L (Figure 9C),

NC &M TIE HC S L i 92 & WTFNOBREGEHICB O THE 2 RUAD D TO
R A BEICIER L Ce (Figure 9A) . 30 SR OMEBELE TIIAEITA RN T
(Figure 9B) . NC &2\ T, Cont BE & ASH1%RH I RN 1 45 LA BiEfke L TR
B ETONL y b ~OEfMEIES HC Gt & ik L CTHEICEM L7z (Figure 9C),

A

Latency to eating (sec)

100 A

Home Cage Nowel Cage

Food intake ()

O =MW A N

c

Number of touch

14 -
12 4

[=T T - - -]
[ T T T

Home Cage Novel Cage

s
O Cont

ASH1%
mASH5%

Figure 9. Effects of ASH extract on anxiety-related behaviors induced by mild stress in

the novelty suppressed feeding (NSF) test. (A) Latency time to start eating. (B) Total

food intake. (C) The number of pellet touches before the first continuous eating period of

> 1 min. Data are presented as the mean + SE; n = 5-6; *p < 0.05, **p < 0.01 vs. Cont

group (Dunnett’s t-test). #p < 0.05, ##p < 0.01 vs. HC (paired t-test).
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1.2 HRV f#ATIZ L 2 B AR RS B O FEAT
HC & Tix. &8# < LF/HF & O LFnu. HFnu OfEICEF AN T2
(Figurel0), *IPRAYIZ, NC & Tid, ASH5%#EX, Cont #f & ik L C HFnu 23 A &
WZHN L. LF/HF 3 X O LFnu fEX A EIZED L7 (Figure 10),

A B c
70 1 70 1 1.5
* %
60 4 60 4
3 50 4 % 3 50 - . 1.0 "
E 40 - & 40 - o OCont
4 30 1 T 30 E ~ BASH5%
20 4 20 0.5
10 10 A
0 - 0 - 0 -
Home cage Novel cage Home cage Novel cage Home cage Novel cage

Figure 10. Effects of ASH extract on the autonomic nervous control of heart rate in the
novelty suppressed feeding (NSF) test. Power spectrum analysis of heart rate variability
in the NSF test. (A) LFnu (normalized unit of the LF value) indicates the sympathetic
nervous system activity. (B) HFnu (normalized unit of the HF value) indicates the
parasympathetic nervous system activity. (C) LF/HF indicates the balance of the
sympathetic and parasympathetic nervous systems. Data are presented as the mean +

SE; n = 6; #p < 0.05, **p < 0.01 vs. Cont group (unpaired t-test).

2 IEBW B
2.1 A —7 T — LIAERER
ASH1%HEE & ASH5%EE TlX, Cont B LR TA— 70 7 — A CTORIEREB DA EIC
ER L7- (Figure 11),

1.z

IEBW

g 180 - * 3k

= _

150 -

o' 120 4

B 3 OCont
A= ASH1%
5 mASH5%
)

[+¥]

=

£

c & 8 8

Figure 11. Effects of ASH extract on anxiety-like behaviors induced by strong stress in
the IEBW test. Time spent in the open arm (sec) are shown. Data are presented as the

mean + SE; n = 6-8; *p < 0.05, **p < 0.01 vs. Cont group (Dunnett’s T3 test).
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2.2 HRV f#HT1C K 5 B AR RIEE) O FEAT

HC & Tl B EHHECHERZITIA LN o7z, HC & & IEBW Foff % Lk
+5 &, Cont FECH T LFnu KO8 LFHF 04 S 7% L5 (Figure 10A, C) (2%
HFnu OFE2E T (Figure 10B) 2@l 7c, ASH =% 2 5.2 LV Cont #ETHL
ZE N7 IEBW S&HIC K 2 B FRIEO 2T S iz, 72 IEBW &fFIZH VT, Cont
& HW: L. LFnu R0 LEHF OA S & F (Figure 10A, C) (2/1% T HFnu 0OF
B (Figure 10B) @I X7,

A
0 -
&0 -
50 1 *
g& i %k OCont
Em i AASH1%
20 - mASH5%
0
HC TEBW
'm -
m -
m -
i
m 30
20
10 A
0
c
20 - #
1.5
[
E]_l]- *E %%
[
i |
0-5- %
oL [ 17 .
HC IEBW

Figure 12. Effects of ASH extract on the autonomic nervous system control of heart
rate in the IEBW test. The power spectrum analysis of heart rate variability (HRV) on
IEBW. (A) LFnu (normalized unit of the LF value) indicates the sympathetic nervous
system activity. (B) HFnu (normalized unit of the HF value) indicates the
parasympathetic nervous system activity. (C) LF/HF indicates the balance of the
sympathetic and parasympathetic nervous systems. Data are presented as the mean +
SE; n = 6-8; *p < 0.05, **p < 0.01 vs. Cont group (Dunnett’s t-test), #p < 0.05 vs. home
cage (paired t-test).
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%

7w MI R CADRVRE CREZE L D720, 2B Uk D E TORFMNEL 225
ZEBmHLNTNDG, REBRR Y DT EBE UV RPIALIETHL VT ENRNLEZHREGT D
Z L TCHIERAUED D E TORMMBEM I D Z &, NSF BRI O AZER %
FARDATEN IR L L CTH <AV B R 543),

AREERTIL,NSF iR 05 B2 UYL % 72012 NSF Bk & £ 4~ 5 Biic 7 » ho HC
ST BT A1TE 2R L7z, HC &2 W T, ATEN R O HAEMRIEE O Wiz vy
., ASH =% A0 IWBLE 5 2 Iavo722 L (Figure 9,10) 7206, A b L A2
fAE 7 — PR TCIHTEIE AR Z SV EAVRIBE ENT-, NC &M To ASH =% 2D
R ERE LI & 2 A ASH =X AFA O 513 R A 5 £ CORM %A B IS/ L.
FRIZ 5%ASH =F 25Tk, 1 Ll B L CTRARD E TORL y b ~OEfita¥af
IS &= (Figure 9), X - T, ASH = 2F 5T X 0 B & BREE~ DR DB S
D AREMED R X172, M2 T, NC & TiE, 5%ASH =% A & 5 )3 A2 AR5 8 & (X
T &, BIREARIEE 2 NS 722 £ 225 (Figure 10) . ASH =% 2 OHIARZEHA A
HHEMRIEE Om N O bR TE 7=,

WICARZ @Rz T v FE@EB L, mPTA b LAk 5 ASH =% 2ADEE AT,
BEHTA B L AOEMET LV E LTCRCHV BN S EPM k% B L7- IEBW itz
TV ASH =% ZOHIARLERIZ DWW THRET L7z, Cont BRIZIHW T, HC §f & bk L T,
IEBW 3£ |- Tl LFnu @ _EH KO HFnu O Fichiz LE/HF o EFRA LN Z L
5 (Figure 12) . IEBW %E& LT v MIZEAFRROTEENE ML L, RIS AR OTEB)
PMMETFTLTEBDEWA L AZE LU TWD Z ENEZ BT, ASH1%HE R O ASH5%EEIC
BWT, =707 — A TOMERMOAGERIEEPRBD bz (Figure 11) . $£72 ASH
T 2F 513, IEBW 252 K 2 2 AR OTEMELCRIAS AR oM 2 fiE L (Figure
12) . @A B LA K2 BRSO B AR L TV D Z &R ST,

U bEDZ &t ASH =¥ 2%, RLEREEEMET » MZBWT NSF R CaffEid
EOBRBEDA ML ADHTIFIRL, MTA MLV AD I D RIBNA LR RE R
ZENTRBEINT,

B
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H2H ALEEZMET MBSy UaXod AD

1555 BDNF/TYkB > 7 /v ~D5

mt%é

2006 /{2 Chen &% BDNF O—#EAERIC L 57 I/ FEiE# (Val66Met) 723, Fifki
fu7> 5@ BDNF WA RZEZ L. ZOERZEA LT~ T ATIEA M AREIZHBWT,
REFFATEINEIN L, 2 ORLZEITEIOINIH S > TH DL 7 VA ¥ v F o TELET
N L EARE L244), TFEOMETIE, 9 2 O%EIZIT BDNF/TrkB 7 L i
PEAEREETH Y, P9 SEOFG1EE T BDNF B2 NS5 2 &L ThET D 2
& VRHE ST 5(25,26,45), F7-, MEHIZH1T 5 BDNF ORI BT LIER 2 H 7
D2 ENMESINTNDHA6), & 52, #EE BDNF © mRNA LUk, AfEA L& L8
PEA ML ADOFRERE LTR T2 Z RGN THDHUTD, ZNHOHREDD, ARV A
2L B ARLITENL, S BDNF BB EOE(L L BBEICRL TS Z EARBINTND
F7-. ASH kit a5 Lz~ 2D TiL, CREB ORBENBMNT 5 Z & AHA S
NTN5H(0), &HIZ, ASH =% 237 v MEIBHEBaMEOK LA THSH PC12
HRC BT BDNF O#EEZ{EdE LT, a/vF aRT o2 L 2 aErEicse U C il
METRTZEWNRBENTNDMALD, LIERN->T, H1HICBOTHES LR b LAt
TTO ASH =% 2ADOHAZIEMAIL, BDNF REOZEICL DD TH D AlREMENH 5,
% Z T, IEBW Bz ORLFEEENMET v hOfiE: W, #2175 BDNF/TrkB
TFNVEEE RO AL T a ey Mg & RREREHT BDNF HiiR & F 7o S g
BIENT 2T T2,
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KR T %

1 Vo REZ L Tuy T 4T
IEBW #BR% DT v b SERIR U T2IEB & o By iR SR BLE AL U o iR L5
PR A 2 5 T kB AR VA 5 2 N 2 AR & VR R . 10% RT T VBREE T R U o A=K
77 IUNT I R VESIKE) (SDS-PAGE) THitL. 7o % 37 E % Immun-Blot
PVDF i€ (Bio-Rad, Hercules, CA, USA) 2§35 L7=, PVDF %, 3% 7 Mg 7 /v~ 2
> (BSA) #&¢e TBST ( b U AfEE &K, 0.1% Tween 20) T7 1 w27 L (1K,
ZEiR) . &\ T BDNF (ab108319, Abcam) . ¥ XU TrkB (#4603S. Cell Signaling
Technology, Inc. [CST]) . p-TrkB (#4619S. CST) . p-CREB (#9198S. CST) . CREB
(#9197S, CST) . B-7 7 F > (#4970S, CST) (%7 2 —kHuARAHIE (1:1000) T,
A Fax—hLEz (4°C, —H) , 2hzUH et ¥ —+¥ (HRP) ik kpiik
(#7074S, 1:1000, CST) TA > F =X— h L7z (1FFfHE, =iR) , SIS Y RiL,
bRt * y 2V TR L, aTHAIZIET A FF vy 7F v —AE-6971/2 2£{&
(ATTO) %M\ -, LN REZ, CS TF T4 F—4 (ATTO) % M THlEf L7,
BDNF /% O} pTrkB, pCREB % 8-7 27 F >, # TrkB., XiX CREB THE#E(L L7z,

2 Sy alh

7 v MiE 4% N7 RNV LT VT B RCEE (4°C,—8Bk) L7 S RED 72912 10%.
20%. 30% A7 m—2A « U ERgRE A K (PBS) ([ZIAXKIRE 4°C) L. RIA47A
A THRE LTz, WG U724, Tissue-Tek® O.C.T.compound (427 73774 T v 7%
NS AW TEIE L, -80CTIRFE LT, 2Dk, 7 74 F A% > M & HWT-15C
TEX 10 um OHMFYI 2 /ER U=, /ER LU 7Z##U 5 %2 PBS Tli/z L7z v — L2
# L. 10%BSA %51 PBS TA »F=~_— L (1K, i) . &\ CHi BDNF ik
FirfRE (Sc-20981, 1:100, Santa Cruz Biotechnology) HCA > F =-X— k L7z (3 HfH.
4°C) . “RFURAIRIE (#4413S, 1:1000, CST) HTA > Fa~—h L7 (2 FH, &
i) . UFZMAS 2a— A7 A4 772 (RRHE L) (Zo¥, EHAH Fluoromount™

(Diagnostic BioSystems) # W CE A L7z, BffIE, @B (BZ-9000, F—=x
) T LT,

3 HMERHEAT

T2, PHEHERERRZE L LR Lic, #atatrid, SPSS it 26 (IBM) % W\ T
1ToTc, HEHHMEL Levene OFE THERR L. BEM I I — ol E 2 B0 M (oneway-
ANOVA) # M7z, ANOVA THEZENR® bi7z34 . Dunnett O t & £721% T3 A
A MKy ZREEZHANT, Cont it DHEZELZME LT, pfH <0.05 ZHEELHE LR,
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RS

1 v 2xBZ Ty 400

Cont #E M OV ASH1%EE, ASHS%REICEWT, &7 v OO LHEZRE L, v =X
o7 va w7 473 L Y BDNF/TrkB o 7 VB &7 o X 7 B O B & fiRht L 7=,
ASH1%#E D5 BDNF %8 &1 Cont BE & FIFRE CTh > 7203, ASHE%HE TITA EIZHIM
LTz (Figure 13A) ., 5612, ASH5%#ETiX, BDNF O FIKTHDH TrkB DV >
bG8 EIC EH L, IRWT, BDNF/TrkB & 7 v 5 A7 — R RO cAMP &= L A
v hMEG X7 E (CREB) OV U BBALNAEREIC EH L7z (Figure 18B, C)

A B % c
25 * 25 - 20 #
H 2 J
i 3 * B
o« 15 E1s 2 . 0OCont
B o1 q , g 107 B ASH1%
o =
a [ mASH5%
/05 LT Q as
0 - o0 - n S ———
BDNF o . pTrkB s P PCREB = el o
B actin . > . CREB '
TrkB

p TN

Figure 13. Effects of ASH extract on hippocampal BDNF/TrkB signaling. Analysis of
hippocampal (A) BDNF, (B) phospho-TrkB (pTrkB), and (C) phospho-CREB (pCREB)
protein levels by western blotting. BDNF was normalized by B-actin, whereas pTrkB and
pCREB were normalized by total TrkB and CREB, respectively. Each value is presented
as a ratio vs. Cont group. Data are presented as the mean + SE; n = 4-5; *p < 0.05

compared with the Cont group (Dunnett’s t-test).
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2 Sy

RIZ, Cont FE& TN ASHS%REDWEE 231 % BDNF & 1 /37 B D52tk 5 HIfighT %
1To7c. B%ASH =X 2 AN G L7 » MESE TIX, BDNF Bt o7 EOHE 7
wmnEizsn (Figure 14),

A B
Cont ASH5%

300 pm 300 pm

Figure 14. Immunohistochemical staining for hippocampal BDNF. Representative
images of staining with the anti-BDNF antibody in (A) Cont and (B) ASH5% are shown.
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%

5%ASH =X 2 & B h. LT R 2@ 7 » N OWEIZEH1F % BDNF &% X7 HO%HL
ENAEICHII L, TrkB. CREB OV UMb b ABICHIINT 2 Z L RSN E o T-, &
ST, SRR IC BV T b, 5%ASH =% 22 5. LI-8E. 7 v MEBIZBITS
BDNF O3RN ZE L < EAT5 2 & DR S Vo, REERITEI O 238l 52 < 7= ASH1%
BB\ T BDNF/TYkB & 7 F L OTEHAL D L b Ve o7 Z b ASH =% R 2K 5
BDNF/TrkB + 7" 3 )V OIEHEAGICIZ @ & G- E5MFET 5 2 LR S ivlz, 72 ASH =
X ALHIZ L 5 TEBW & ECOITENOZ(ITIE IR ERFEN R S iz 729, 5%ASH
T X AHEIC LD RLEREITEI OB A 1L BDNF/TrkB o~ 7 F VR NET L Z L2k D
ASH1%#E L 0 HUVMERR A b 7o v aetED & 2,

WET A bue¥A M2 BDNF Z@REIEH S5 2 & THEETE 28 LR TE O
g 2 L (A8)CHRB IR > CAL fEIRICIIARZICB# 2 MRS FET 5 2 L (492
WEINTWD, £z, BEEMRENIZIST S BDNF/TrkB &7 vk A — R Fii® Erk
DOIEMEARIZ X 0 IARLEATE NN L7235 (G0) S & 0, 5 T BDNF FEL&OHINIX
MARZERZHET DN T 7 7 X —ThbdHEEZLND,

bz tnd, REEEZMET Y MZBWT 5%ASH =% 22X 5#EE To
BDNF/TrkB > 7" F /L DIEPEAL A HUR LA E ] & 508D T 2 AIREMEDS RIS S 4172,

B
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%3 H1 /NE

1 BT, 2 FEOITENIRERER AW LGl T v MR ORLEESEZMET » MZBWT
ASH =% 253 A N L ABREE N CORLZHATEI O B AARTEE DL E L E b2 b
L. PIRELEMZRT 2 & 2l Lic, £72, ITEEEHEBRD X b L 22 X 2 AR OTg
PEAL & O\RIASEAR R O 2 ASH =% 2855325 Z L0 60 e 72572, 5%ASH =%
ZHEH1T, FIARL/ERNC BT 2155 BDNF/TrkB & 7 F L2150+ 5 2 L VRIB &
Too LEDFERND, FIRZERZAT 5 ASH =% 213, AV H AL AIZBWTHIER
BTV A RROTPREICRVEL EEZBND,

v Anxiolytic behavior
v Stabilization of the ANS

Beneficial for
v Mental health

Figure 15. Acanthopanax senticosus HARMS extract induced the anxiolytic behavior,
the stabilization of autonomic nervous system (ANS) activity and BDNF/TrkB

signaling activation.
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o
REZEEZVET v MIBIT A2 Y U axX o 2G5/ 0

PURZER e NS BDNF/TrkB 3 7' )L~ B2

H1EICBWT, REEEZMET v h~? ASH =% ZEEH, MO b L ALET To
T8 & OV B ARG B OBLE D DA ZER 28 L, 5 BDNF/TYkB ¥ 7L &35 AL
THZENHLMNE o7, B 1 ETHWEZ ASH =% 2%, Z7un/Z Ui (CHA: 829.5
mg/100g), =L U7t A K E (SYG:625.2mg/100g). >V > ¥ (SYR:325.2 mg/100
g, 1Y 77F%v (ISO:101.4 mg/100 g), =L 77 ¥4 KBl (95.2 mg/100 g)
EEHFLTWE, TR OEBEMEHE OFRMEIC OV TIIEA RMENRESN TS
(18,19,51), CHA iZ, MEMICH T HHER _RRFW THY . A\ORFIZEEICHTENDL A
U7 x /)= LG THSH, CHA OERERE LT, FilBMLIER. FLoEER. BrEfEH.,
U A NVAER, MAERE TEM. IREIRFER. OmERETHIER., FiLRREMEER. fiT
DANER S TREER 72 2 in vitro 8 X OV in vivo TORFFETH LN STV 5 (52),
SYG i3 ASH OIRSCEICEEICEEN TS U 7T VERHARTH 5, SYG 1T, fEikis(b
ERNADEBICED D~ N vy 72X ZaTaT 7 —E i OB OBEEMHER.,
NF-xB/AP-1 {EVEFLE VRN X 2 RIERSIREITER 2779 2 & AAfE ST 4(18), SYR
X, ASH =X R ZHFEND Y 7/ —VEEHATHY . =L U T ¥ A KB & HIEER T
%o PURBLAER . HORBRBEIER . SeZFHEER . PUOEMER. IbERE TIEM. U 57 EH
PR SN TWSH(B1), ISO X, ASH DIRICEEND 7~ U MBI D 1 ST, HUEIiE
M. LA S LV AER, SEMBERZ 835, £z, ISO L7 /v F— ATl EEH.
PLAMIEER. Hive 7 U 7HER. DA TBER. MBS WMEEER R HRE S Tn5(61),
IID 4 AT OV TR, RIE - S8 OFRETERCHU AEMR . B S  21/EM 72
CRIAS BFT ST D,

L22L ASH =% 2ZOHFARLEMICEET 2 5 AT ONWTIIEKARE LTARHATH 5,
FZZTARETIE, A—7 7 4— Rt (OFT) & EPM iz B L7 IEBW Bk %
MNWTT v FORZEATENZ 3B L. %7~ IEBW #&ErEED HRV fEHTIC X 0 E ARG E)
R LA ERSEME T v MICB T D ASH =% X OFiARLZ/ERICBE S92 H 30k O FE
BT,
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FLE AZEEZMET v MBI uTnd A FEEK
7 v n 7RO EZIER

i

ASH = A (THRHI KK 2 5 R S8, 2 OEMIE SYG 128\ T b RO R R #ik
SNTVD(B3), F/z, ASH =F AP KEMHA b LRI XV FHIE S D FIRGORIEL
Ml L. ZOfEMIT ASH =% A THEFEPFHIZ L CHA X SYG IZB W T HEIE X
o B TH SYG Ml b i< . CHA 13Z OO BIEGRIEMENERFF> 2 &L 03 fE S
NTNHEY), ZDZENDH D2 AITHIC ASH =% ZDH A L AERIZEHES LTV
BAREME S N E B 2 BTz, SYG 1 TNF-a X N IL-6, AP-1, NF-kB O pEAHISCmR L
A b L ADOWFIE I L CTHRIENEH %277 97(54-56) Z & CARibE IR 9% £ 7 /L db/db ~ 7 AIC
BWTA A ARG Z SE L, I COMIEROTIES 7 L a — AR 2K T &5
Z L TTHHH A TE T A2 ERGD AR E SN TWD, SYG 1T~ T ATBWTHIRA h L&
IZEDEREBADCRERERANOIER T ZHEL, MHEANOER F=00 RN ORI
Hz225Z2L6G°.SYGOT 7Y aryThsd (H) -V HLy /) —uik, BEESF 72
HEZIHT 5B Z L AHE S TWS, CHA IIHBILIEA 2/~ HRY 7 =/ —fbh
YT, GABAA ZHEEEZN L THFEINDTALZIEANRE SN TND(60), ZhbHo
HURD D . ASH 3% 2|2 L 2 0FERY A B L ZADRREIT, 23D Oy H3 PR AR 3 ~1E
FTHZEENLTELDZ EBNEZLND, L LA ASH =% 2D AR LZ/ERITS
TEHHLGEAHTH D,

Z 2 CAHITIZ, OFT & IEBW B 2 MW T, SYG KU CHA O 2 545y DATEI~D5
BA TN U7o, EATENIRERERRF D HRV f#ATIC L 0 B AR E 23 HE L SYG KO
CHA OHUARLAER & T LTz,
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KR T %

1 #me
1.1ASH =% =
1B 1 THVE ASH =% 2 &2 i,

1.2 SYG o Higi

ASH= 2}k (1250g) %#. MeOH (3750 mL. 3hx2) Z MW\ CERSM: T Tt
U7z, P 2 Y65 L, RO CIBUE T CHlfE L7z, 15 D - B 2 H2OlZ R L | Et20,
CHCls, & U'n-BuOH CHEifrIZ il L7z, n-BuOHfHY (219g) Z52120BEL . 4%
Wy (841 g) 2SO 7 57 v~ 777 40— (98.0%x25.0 cm) 0T,
CHCl1s/MeOH/H20 (450:50:5) CT¥#s i L7z, RffiE230.55 (CHCls/MeOH/H20 = 70:30:5)
DALEW % ey 2 L L, IBME L7, f5 Ok &2 Si0e N 7 L7 a~ N7 T 7 41—

(03.0x19.0cm) TEHITKER L, EtOAc/CHCls/MeOH (2:2:1) T L7z, RffEN
0.15 (EtOAc/MeOH =T7:3) OfbEWa &Temisy #EX L, J#E L7-, MeOHM & O Ffh
Bl £V 650 mgdD H AL 3G Hitlc, MEEIX, Cosmosil® 5Cis-AR-II 7 L (4.6
x 250 nm) % A 72220 nm COENRILD HHE LTz, HPLCOEBIILL T OEY Th
277,

BaEha: AR, 0.05% KU 7 VA4 o WEf/KEHG BiK, 0.06% YV 7 v A alilig-7 & b=

N U VIR,

R 7 2% 3id 1 mL/min, 557, 90%AMKE THH L Z D%, 4053272 > TI0%A
7> HB0%AIR~DEMIN 72 77 oo N THEI Lz, fREFRFRE (tR) % /0 BAr CRodk L
7= (tR=22.2%y. MifE91.0%) , HEE XN /-WEEESI-MSIZE W b L& Z A0 1K
C34H601s (742.2684 g/mol) + L U'm/z [M+Nal+ 765.2618 (caled, 765.2582) %A L.
EREROSYG & ik Aa1T 9 Z & TRIE L7z,

2 FErE)

HEPE SD 7 b (IEBW #BR TiL 6 i, OFT Tix 7 #ih) 2 AAT AL —kAS
NS L, YR 72 AR Y I —R 3 — M —VIEBNCEE L, 7 A L7z KU
YN R D EREFEA~OIULEAT 572, 7 v MIIEFE & KE B BHER S, EilJ 23+2 C,
T 50-65 % ZHERF SR T 12 FEF O B4 7 v (7:00 fAT-19:00 HXT) THIH
L7z,
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3 Fify

1 WHEOTPEE D%, 7 v M RPTHERE (7 80 A MR K, 35 1 R,
UIBAEL~OW ) & BH MK (N v eZ—F R U U A 40 mg/kg, ip) T
LE L, MR L A —4% (TR50BB; KAHA sciences Litd.) Z JEFEIZHOIAATS, W4 IRY
FEOT=DIHAEDE (4 I XX LKFB L O T AXF o+ MU oA 83 mgkg) %
AIRNTES Lie, Filite 7 BEOEEBIM AT, Z2OMIZT v Mfitiven X 5 I8 E
L7,

4 FEERE) DEER]
01 ES 1E L FEEIC IEBW B2 AW CARLERZHT v FO@EM AT 72,

5 K h

951 EE 1 HiICIIT 5 ASHA%AEZI 1T 5 ASH =F 2R DEBERIZH S | £ OKE
W7 O HE (CHA [Sigma-Aldrich, C3878], 40 mg/kg ; SYG, 32 mg/kg ; Mix, CHA [40
mg/kgl & SYG [32 mg/kgl DIRAEW) HRE LTz, REBRTIX, R¥VT 47 ar bua—b
LT/ x4y 7 A (CLO, Sepazon™, 0.2mg/kg) ZH L7-, EEMITHERIK 1 mL
WCHELC 1 H 17 AfER L T 72 W TREIR A& G217 o7, & HIHTE)
KR D 30 /7ATIC (Cont, CHA, SYG, Mix) &7zi% 2 KAl (CLO) (2R DHEN
FH#1To7, OFT Tid, ASHREEGREL., & 1 =H 1 {i & FERIC ASH =F 2051
T-7=,

6 HHMRIEE) DA

B1EE 1A EFERRICLDERT —Z 2R T LA N — 2 AT AT Ko TREFIZ RO
U7z, Dol A ARG @, R-R BIFRAEN O AT MG & - TRl L 7=, R-R RIFREE
B BB L ORT — 27 MLk @l T — ) BT AT 8% HWT
BHL, BoN7NTU =27 T AEFEEEIS CTCEERE (HF: 0.6-3.0 Hz) ., (X
A4 (LF:0.2-0.6 Hz) . 36 X OVEBIRJE % (VLF:-0.2 Hz) (2738 L7z, LF liorks LT
HF oy i3 < 72847 (LFnu 8 X OVHFnu) TR L7z, HFnu 1308 E A2 AR
[E#) 27~ L, LFnu (ZRIZZEARZETR 2 11 © Bk EE) 2~ 97, LF/HF (3, Lo 226%
PR -BI AZ AR OVEEN N T o A & md, HARMRNT IR, IEBW BUBRIC VT FEM LT,
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T ATED AR
71 A—=7>7 4 = Nk (OFT)

OFTIIHT#T BB T IZH1T 217 - A D B FEEE)CBE D 72 AU T OMEREE 72 & D
REITEN AR & L CARZIREAZ T 2 72D L < b g,

AZEER ClIBroadhurstiZ L W BRI N7 b D(61) ITEIEZMA TEE L7-, OFTD A
7Y 2 — )V % Figure 16AIZ~d, Figure 16BII R HEA—7 7 0 — NEEE (OF-
25R. EAET5 cm, HEHE40 cm, FEETEEMR) A4 L7z, 2&@I1%. Figure 16CICRE#HI S 1
TWLESITBHOXENZHEI LTz, Ty MaeAd—T7 7 4 —)b FEEIZ AL, 1057 A
MICRR ST, =77 4=V NEEERNOIE#E 2 7 A4 A7 Tiesk L. ANY-
maze™ (Stoelting Co.) & VT 7 v NOITENZ /38T L, 2EE N ToO B R EENIINZ T,
£ DX 0] C OWFAERE R 2 b L7z,
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Figure 16 (A) Schedule and (B) apparatus, (C) sectioning in the open-field test.

7.2 IEBW ikBx

91 EE 1M & [FERIC IEBW BB A AW T To 7o, ROES 30 5#ICT v a4 —
T T = AONEHICRE E | 3 M E BICERR ST, £ OROITE) R OVE ARG E) A
Fi#k L7, Figure 8 IZ/R LICFERA ¥ 2 — /WIZAI L THERE L 72,
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8 FMkERIN
ITERRBERBRO% ., 7 v P2 LRI SHE, M2 BT L, SR 2 58 L-70°C
THRRAF LT,

9 EMfmERIZ BT 5 FIE

AHFFEIL. [Guide for the Care and Use of Laboratory Animals (NIH Publication)| &
O [EERENY) O e M OPRE BT 2 5548 | | T8RRI P R P B EREE S 121E-> T
Fhi Sz, TNTOFERT 0 b a—/Wd, SEERE SR FEH M B2 OKR
FTWD (201644 H 1 AE 1 75),

10 HEatiRHT

T2, PHEHEERRE S UOR L, #aHiRHTIZ, SPSS26 (IBM) %AW Ti7-
7o ZEHNEZ Levene DME THER L, 7 /b— 7 MBI IT —TTACE S T (oneway-
ANOVA) %M\ 72, ANOVATHEZENGED b= HA . DunnettOtHiE £ 7213 T3HR A K
By 7 BEEMWT, Conthf & DA EAELZRIE LTz, 2BEMDZE1F, JAL L7z Student DR
EXMOTHEEZBRE LTz, pfl <0062 HELRE LT,
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1 OFT

BN ERRER L OB EhIRER 1L, ASH5% ., Mix, 3 L O'CLO#E T, =& h = —/1 (Cont)
XY L AEICHEML W2 (Figure 17A,B) . CHARER OSYGEE L £72, b7
A—HEHEMEETR, ZOETAE TIER) -7, Figure 16CIZRT L 9 ICHEEE3SOD
XENZE L, & KE~ORAREZRE L, o XE~OREAL T, H5HHIZB T
N3 248238 > 7= (Figure 17C) o &5 X EI~DHE A OMME AL 2 T, 58
I cEITAR BN - 7- (Figure 17D-F)
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Figure 17. Effects of Acanthopanax senticosus HARMS (ASH), its major components
(chlorogenic acid [CHA], eleutheroside E [SYG], and a mixture of both [Mix]), and
cloxazolam (CLO) on anxiety-related behaviors induced by mild stress in the open field
test. (A) Total distance traveled. (B) Total time mobile. (C) Total entries into another
area (count). (D) Ratio of entries into another zone to the total entries. (E) Ratio of
entries into zone b to the total entries. (F) Ratio of entries into zone c to the total
entries. Data are presented as the mean = SE; n = 5-6; *p < 0.05, **p < 0.01 vs. Cont

group (Dunnett’s t-test).
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2 IEBW B
2.1 A —7 T — LIHAERE
CHARE & MixBE Tl ContBEIZ R TIEBWRRBRICK T 5 A4 — 70 7 — L O WERH
WHEICHM LU (Figure18) ., £72, SYGEH L L7=T v FThA—7 27— LD
EREN RS oo 7oy, TOEITHERE TR o, £, AT 472y br—LTh
HCLOA# G- L7=Z v N Tl TER ] O IERAH [ 2 78 L7203 B Clde hr o 72 (Figure

18) .
3 % %
‘é“’“' ok
o 150
o ]' OCont
& 120 4 OCHA
4 o0 | B@SYG
g L B Mix
H % % T OCLO
§' 0 | /
ﬁ o —— A
[ 3] TEBW

Figure 18. Effects of the major components of Acanthopanax senticosus HARMS
(chlorogenic acid [CHAI, eleutheroside E [SYG], and a mixture of both [Mix]) and
cloxazolam (CLO) on anxiety-like behaviors induced by strong stress in the improved
elevated beam walking test. Data are presented as the mean + SE; n = 5-7; **p < 0.01

vs. Cont group (Dunnett’s T3 test).

2.2 HRV f#HTIC L 5 A AR RIEE) O FEAT
FUA—BEBI L= v DR — L — Y TORERO B HEMRIEE 2 1E L7,

ZORER, AR T B EMRISENC T A b e o 72 (Figure 19), 0%, TEBW 4
T AR BB AHIE Lz, IEBW FFETIEFR—27 — V5L ikd % &, Cont
#EC LFnu XA BN L, HFnu 233G EICEA Lz, 72, LF/HF EOH B 721
b @iz s, CHABHZHE W TS LFnu i, LF/HF 8 EEICHE < . HFnu @28 E &
[ARVME AR L7z, SYG #£Tid, HFnu O AR A BT LTV, —5 T Mix #f &
CLO B£TlX Cont B CR LN LITBLE SN2 -T2, TEBW SA:280V T Cont #f
& HelE LC SYG &, Mix #f, CLO BT, HFnu 23 A 280 L, LFnu f&, LF/HF
B2 L7z (Figure 19A-C) . LU, CHABTIIAEARE TR bR oT,
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Figure 19. Effects of the major components of Acanthopanax senticosus HARMS
(chlorogenic acid [CHAI, eleutheroside E [SYG], and a mixture of both [Mix]) and

cloxazolam (CLO) on the autonomic nervous system control of heart rate in the improved

elevated beam walking (IEBW) test. The power spectrum analysis of heart rate
variability in the home cage and in the IEBW test. (A) Normalized low-frequency (LF)
power (LFnu) reflects sympathetic nervous system activity. (B) Normalized high-
frequency (HF) power (HFnu) reflects parasympathetic nervous system activity. (C)
LF/HF indicates the balance between sympathetic and parasympathetic nervous system
activities. Data are presented as the mean = SE; n = 5-8; *p < 0.05, #*p < 0.01 vs. Cont

group (Dunnett’s t-test), #p < 0.05 vs. each group in home cage (paired ttest).
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Jin 5%, OFT (2B W T ASH =¥ X3~ 7 A DX 53 ORI 6 E23 0 B
BEBZINWZEERELTND(0), £Z T, AERTIZOFT IZBIT 57 v hOAXHE
~OENEEL, BB IREE, B ENREE 2~ B ENIREE X OB EhR ] 13, ASH #E.
Mix #£, CLO BD 57 Cont #f & Hi L CHEIZHIM L Tw/e (Figure 17A,B), La~L,
OFT (2B W CEERARLHEATE) & & 2 N5 PR XE~OE BT, BHEH THRERE
LIz 6N h-72 (Figure 17F), ASH =% A KO Mix 1Z. Jin S 0NLLETIZHE L7-
K DT, REFATENDIRIE & SNDHEEZIN - TRENT A8 (BEfilEM:: thigmotaxis) (1%
hFRHE RIS 72> 72 (Figure 17C), — 5T, FArRE F TORLOBMIC L VFER I
L HBEBOME ZLE LT, XY VTR UREANC L DA T T 4 — L FEEET
D B EBE RO ML, NI K FHEFE S5 BIEB IS OMER (B k20l
Zx2 B TEH Y (62), ASH Ak L O Mix B CH OV BREEB EOINX, om0 iir
ZERICL 2D THALHREENREZ X DILD, LD -> T, ASH =% 2 KT Mix |, OFT
IZBWTREINTE L DT CLO & RBRICH DRI RN ZEMZA L TnD EBZ 265, 6
1EH 1EHICBWORESNZ ASH = F ZADFE R TlX, 4—7 0 7 — A TOMIERB N ERE
i, IEBW 2EE FCTORZEAMRRIEEID 5 & @A BRI 8 O N 8 88 S v Tz,
T CARETCIIEIIRY ZRET H72012, ASH =X 2 L 2Oy OFEREE L 2
TOHRZEEL Tt Lz, CHA 34— 7 7 — A TOMERE Z R L, IEBW R
C DB BAFRRTE B O i) 2 FEFN S DA - 7= DIcxt L, SYG 135G SN O | 5-
L RIZ AR EY O 2 U L7 (Figure 18, 19), CHA 1%, RV Y VT BV UZRFIK
ZN LT GABA IZ X A1EHZ R D D Z & T EPM REBRICEBIT D4 —7 v 7 — L TOMIERE
M DIE R AR O & OHIARZVER A2 R 2 Z £ (60)° OFT TH & [XE TOHf
FERERIC B E 5 2 702 L (63) DA ST\ D Z &nh, CHA #5128 217838
REBOMRIIINETORE L —FH LT\, I5I12, CHA 2t N ORIZIEATRIEE) 2 1
BT 5 &) iE (6413, CHA 23 TEBW iRERICEB W CTITEN CIX A B2 EBN A b zn -
T2 DRSS BARRR O 2858 S B AMHEE N H o IR L~ L Tz, SYG IX, #EEDO+®
B h=2E RRIVOBREZELIED LT, WIRA LRI L 2TEkEE 2 RE S &
HZE (B X, FOT 7YV arThiH(H) - I H LY ) —An, BENEY T AMRE
ZIHIT2ER AT DG ENHESIN TS, ASH =% 2 2BV T HRIFRICHANE
JT I VDOREICEEE 252 ENMLENTNS42), AEIOZETIEL, SYG AN LD
B IGE) 2 051 L (Figure 19) . AR TIXR20 o723 7 v FOITEI# 2 b &5 Z &
Bl sz (Figure 18), 2 HDORRIL, FATHIEICIB W T HE STV 7RG E)
HERICER T2 b0 EEXBND, I LIATHFNICHEERE {bEZ b= 6 Lz CHA &
AR EEH 2~ L1z SYG & ORA S (Mix) 1, IEBW BRI\ TITE & B
AARIE B O HIZB W THALEH 27~ L= (Figure 18, 19),

B
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ULEDZ &t Mix BEORERIL ASH =%+ Z0fER L —#H L TEBY, ASH =F 2DHt
REVEMIT. REEREZIET » BT CHA OFTEIRIER & SYG O ZAIVER
BEZERIZ L > CTHRE SN D WREMER RV E B X b b,

AFFETIE, ROT 4 7T ar ba—L LTRUVYPTEE UV READ1IS>TH HCLOE
Wiz, —fi%ic, TERPARLIRTHDH R V7B RIEHNL, OFTIZE W T H R ES)
I X B TOMER 2 IER S, EPMRBRICBW\TA—7 0 7 — A~OiE Ala$ & 4
— 7T — ATOWERBZIER ST Z ENMbNTWS, REBRTIE, CLOIZOFTIC
B D HIEE) &2 BN S, IEBWRER TldA— 7> 7 — A CTOMERMIC T2 L2 5 2 72
#ok(ﬁwm17w) F7-. CLOIX, IEBWEBRIZEB W TEATA kL 2D B ARG E)

%%%ﬁﬁbt(E@mHDo;ﬂifﬂﬂ®ﬁﬁﬁﬁ%%%ﬁ“tﬁ%iﬁbﬂf
WIRWIS, ZOMDR Y T B RERD E OOl A AR TR RN M E R
<OMFETHE SN TS, LiL, %®ﬁ%i#§bfﬁ@ﬁok@&mk_ME@%
BRAE RO —BUT M (e.g. HAIEH OB, R b Ly —DFME, FERROME T, RS
L) MERDHEDTHDLHEEZ LN TS, Cloosb DHEIZL D E, XY ITERE Y
RIEAN ORI (BEFE., MR EMR . FUBER, IARZER) 13, SFFEAoBTEnE
NOBENERD EHE SN TNS(73), Cloos b DTk, CLOIZEEMEM - fshiglE
A - PUEBIERANT < . IAZERRRONE ST D, Ll Fx 0FEBRTIE, CLOIX
RNEZDOFREDTTNEZZNDHO0FTICE W TH ERRNLRITEIORAD 2R LTI, REZOR
FES &0 58 &3 2 A TEBWRRER CIIARLERITEI O 3580 b7z~ 72 (Figure 17,
18) . — 5T, ASHZ=F 2 EH%/y (CHALSYG) DIREMIL. WTNORZREIZE N
THbHMTHo7, CLOFHEZ 80— X RT7 —A~TICAY, 7a—X R TN TOHE
BHRFREINE R L7z Z & 0 D EEE-CA R A L = - TWIZHEEERE 2 b b,

L7=08-> T, CLOXAAARIGENZ FHEI T 2208, SEF-CHMELSIERILTnb L35
2D, £D=H, CLOOERITITHLOERENRMLETH L Z ENREIN5, CLOD
FEIEZ DN T ORIZEIEZ < 72V, AAFFETIL, 178) (OFT LIEBW) & B HHRIEE)
(IEBW) (2519 5 CLODFE RS | FIARZH L UTEAT 2EEOIEERIZ OV TH 7272 M
Rdoinr,
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F2H AZEEZMET v MBI 5T ad A FE AN

7o U EOUEE BDNF/TrkB < 7 )L~ D %8

BDNF (%, B ALY S 208 RBACEIHCHER2EZH LR LTND
(24,25,27,74,75), It OHFFE T, #EHICE 1T 5 BDNF ORBHINA R LRI TEI ORI &
BIE LT D 2 EDRHE XN TV 5(46,48,76-79), —H T, A MLV AFHERMEI VaaLTF
2 FiZ BDNF OFBRAE T S, EOS T F A L RIBE N 2R T S®5 2 LR
M STV 5 (80-82), ASH T A (%, #ikEMEICK T 2 R#EZN R & H L (39,40,42,83),
BDNF mRNA L~V ABINS 2 2 E@DRRES N TN D, 8 1 55 2 filciV\T ASH
T X AEE T BDNF BE A NI E 25 2 & 235 L72(84), ASH =% 2 DOHAZ/EM
/X, BDNF/TrkB > 7 F /L OFE 20 L CHREIN D WREERHDH, LoL, #BHEOD
BDNF/TrkB + 7' F /MRS T DAEHICH G5 ASH =F 2AOFWRSZIARHTH 5,

SYG D4y FHEZHIWEMIL, RIERSES FICBWT LSRR TS, 27— 5%
PRI 2 T /B W TIEF O TNF-a X IL-6, IL-23 EEA K F S85 2 &(85)%,
IxBa ® VU UE{t° NF-xkB O% 7 = b p65 OENBITZMEIT 5 2 L GHNHEE SR
TW5, 7, FREZEE T, A Y 70T VB RMERASREREET T VBT T ' T
NaJ o gRal) e 7EF VR T U AT 2T =B aTH=aF o7 Fra ) U,
NMDA BNV 5 I VBB EOY 7 2= b 2B OB ZIET 25 Z En@EIN TN D
(86),

CHA X, AV NA~—FF /L APP/IPS1 ~ 7 AL LT I A R (25-35) BEEL b
PR EEA IR SH-SY5Y #li233 T, mTOR/TFEB 7 J VR ERKIC L Vg s h b
NT T DX RIERRE FRHEIES 2 L@, PCI12 MilRicBWT, a/LFaxT
AL DA — 77 V=T R b= A0, Akt/mTOR 7 F VAR ER I D4k %
KT D L(88), AT Ny F o VBB THRM —BbE#ZAKEEE (nNOS) <
NMDA ZHMBIT% L CHESEROMEAHA AR T Z £ @I HE INTWD,

L2rL, SYG KOt CHA BN AL @& MET » Mg BDNF/TrkB & 7 vz b 2 % 522
ICOWTIEARHTH D, &2 TAEITIE SYG & CHA I & 5% BDNF/TrkB + 7 /v
NOEBIZONWT YT AZ T a v T o 2 TIER OGP aE TR Lz,
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1 Vo REZ L Tuy T 4T

IEBW ER% DT v S OBEE LT HEBIC R 7 B o il R L E AL Y B LR
B A1 % & T LR IR IR A 2 I 2 AR RV & VER % . SDS-PAGE THyEfiL., o
X7 '8 % Amersham™ Hybond P™ PVDF 0.45 52 (Cytiva) (ZHEE L7=, PVDF [i%

5%BSA &ty TBST 1 C7my ¥ 7L (1 Kf#, =iR), &\ BDNF (ab108319,
abcam). TrkB (#4603S. CST). p-TrkB (#4619S. CST). p-CREB (#9198S. CST).
CREB #9197S. CST). 3L VB-7 7 F > (#4970S, CST) (ZkI7 5 —IRFUAEAIIK (1:
1000) T, A > Fax— |k L7z (Wt 4°C), T4z HRP ik IRGUARAIRIE #70748,
1:1000, CST) TA rFa— b L7z (1 K, =|iR), RENEME NV FiX, (73R
By hEHWTRE L, AIRILIZIZT A R v 7T v —AE-6971/2 HE@E % iz, (L%
FHNRE L, CS T F 7 A ¥ —4 Z AV THE(L L7z, BDNF X pTrkB, pCREB /% 8-7
7 F . ¥ TrkB, Xi* CREB TZHEHAZHRE(L LT=,

2 Sy alh
7y MiZE A%/ ST RV LT VT e RRETHEE Lz (B, 4°C) %, BHREREDTZD

10%. 20%, 30% A7 m—A « PBS IZMAKIRIH L (4C). RT7 A7 A ATHR LT, @ﬁb
7-f1%. Tissue-Tek® O.C.T.compound % AWV TEH L, -80°C TIRIELT=, FD, 7 T
A FAAHy NERAWT-15CTEE 10 pm OO A Z2ER Uz, (ER LMk %
PBS HHZERHL L, 10%BSA Z&¢e PBS 1 CA o _— L (1 W], Zill) . ROV TH
BDNF #i{& (Sc-20981. 1:100, Santa Cruz Biotechnology) TA > F a-X— kL7 (3 H
fil, 4C). € LT RyUARAIIE (#4413S, 1:1000, CST) TArFaX—hL7 (2K
M., i), Y% MAS =2— M A F 4 K77 Z220H, EAH Fluoromount™ % v THf
A U7z, BgIE, H#OtBamEE (BZ-9000, ﬂEH:E/X) T LT,

3 WEFRHFHT

T2, PHEHREERAE & UOR L, Statobrid, SPSSHiE26 (IBM) % T
1To7, ZoBE% Levene DR E ChEE L, BERM FLEIZIT—JCBLE 73 U0 AT (oneway-
ANOVA) #H /=, ANOVATHEZDRD LA, DunnettOHRIER A hA v 7
ExZHANT, ConthfE DAEZAEZME LT, piE <0052 FEEEELT,
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1 Vo REZ L Tuy T 4T

Cont #£. CHA Bf. SYG B, BIL U Mix #ECOWT, %7 v O HUEEZUIERL |
DT AR LT yT 4 7L > T BDNF/MTYkB o 7 F VB & o R 7 B DR LY
Vb AR Uiz, WSO BDNF % L7 BRBLOA B NE, SYG # & Mix # C#l
Zann, CHARECIIBE s o7z (Figure 20), & 512, Mix #£Tlx, BDNF %
FIETH D TrkB OV V(LA HEIC ESH L. BDNF mRNA O#zEEHEZB#Ed% CREB
DV N AEIC EH L7 (Figure 20B, C), —J. CREB ®V »ig{kix SYG BECH
BIZHMU7=23, TekB 0 U U b o INEAE Tldeh -7 (p=0.055),

A B C
3.0 - % % 2.0 - mlﬂ- .
= &
£ * Q15 B 15
s 20 g (&)
: 2
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2 & 05 - £ 05
/M R =X
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— e —
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rrm ee g -

Figure 20. Effects of the major components of Acanthopanax senticosus HARMS
(chlorogenic acid [CHAI, eleutheroside E [SYGI, and a mixture of both [Mix]) on
hippocampal brain-derived neurotrophic factor (BDNF) / tropomyosin receptor kinase B
(TrkB) signaling. Analysis of hippocampal (A) BDNF, (B) phospho-tropomyosin receptor
kinase B (pTrkB), and (C) phospho-cAMP response element binding protein (pCREB)
protein levels by western blotting. BDNF expression was normalized to B-actin
expression, whereas pTrkB and pCREB levels were normalized to those of TrkB and
CREB, respectively. Each value is presented as a ratio vs. Cont group. Data are

presented as the mean + SE; n = 5; p < 0.05, **p <0.01 vs. Cont group (Dunnett’s t-test).

36

OCont
OCHA
ASsYG
W Mix



2 Sy

Cont #fL SYG Af., Mix BEOUEE BDNF ¥ R 7 ERBLO G KRF O 217 -
Teo ZORER. SYGREE Mix #& HI27 v MEFICIHWT BDNF # X7 B OFBLHNH
FITHIMLTWD Z e sz (Figure 21), 72, SYG #£TlZ BDNF I OHN
N—EOfEE (7 [cornu ammonis: CA] 2-3 L #{R[E] [dentate gyrus: DG]) I
Ron7=olzxt L, Mix #£ Tk CA 21K L DG ¢ BDNF ORBLHEM L Tz (Figure
21),

300pm
|

300pm
e ]

300pm
T

Figure 21. Immunohistochemical staining for hippocampal brain-derived neurotrophic
factor (BDNF). Representative images of staining using anti-BDNF antibody in the (A)
Cont, (B) eleutheroside E (SYG) and (C) mixture of SYG and chlorogenic acid (Mix)

groups. CA1-3, cornu ammonis 1-3; DG, dentate gyrus.
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ITAEOMFSETlE, BDNF/TrkBY 7 F VR IRN S 7 IARERS Y F 7 AR HIPRICEHE Th
| BEx R (D DdR. PUBRMEREE, FEE e, =y 7 EE. DRAMEZ A F L
A[EEPTSD]Z2 &) LB L TV D Z EAHME STV A(90,91), =52, BLRTOMIET
X, MEHICB T 2BDNFORBENRLRITHEHHE L WD Z ERRESTVD
(46,48,76-79), X5, ¥EEBDNFOmMRNARHIL, S@MEA N LA L8R h L 2D
WX THD T 547, 72, MEEBDNFE X OTrkBORE &K i, A LV AFHERMES S
T D HETHMEIC B BIE L T\ 5(92), b DML G, A b L AL D ARLZEEITE)
I3HEEBDNF R OZE(L L B L TWA Z E AR SN TS, &5(2, CREBD Y
VIR bIE = 2 —u BT 2 BDNF 2 LIS ICEE R & E 2 B2 LTV D 2 EWE
ENTVAH(33), A b L ALMTF TOASHT X 2 DHFIARZEAIZHEEBDNF TrkB 7 /L
DOIEVEACICBEE L CW A AREEN S D, £Z T, ASHZXF 2O EGHMS 25 L1-7 v k
Z AW TIEBW:RER 217V, 15 OBDNF/TrkBY 7' F VEE & o R 7 B D32 7 = A &
Y7y MEEGEGLEATE TR Lo, SYGIRE-T v N OERS Tld, BDNFOJEL - CREB
DV AL L TWD Z ENHL NI o7, 72, Mix% 5T v + O TIZBDNF
DI HM L, TrkBE CREBD U Vb I LT, /AT KL+ U, R, &
B k= 3EEBDNFORBICESE L T D 2 £(32,93,9) 03 STk Y, ASHTX
LEDEHERGTHLHSYGOT 7Y a2, EOE /)T I EEOREMO B EY
B2 ENMESNTWDZ & (42,5906, SYGIIMNTE /7 v OFEIERIC LY
BDNF/TrkB 7 M A 52 TWDH EBZ HiLd,

E BT, LB O R, T > FOWEIZIIT 2 BDNFORELL, SYGHE: &
Mix#EZBWCEHEICHINT 5 Z E B3 ST/ o 7, CALREIR & DGR T, SYGHEE:
HA_Mix#f CBDNF23 2 < 8L L Tz, M DOCAL, CA3, DGHEIIL/ v aaLFad
izt L CHa8 T 5(95), F7-. aLFarFo R0 b LA 3HEOBDNFRE 4K T
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Figure 22. Effects of isofraxidin (ISO) and syringin (SYR) on anxiety-like behaviors in
the improved elevated beam walking test. Data are presented as the mean + SE; n = 5;

##p < 0.01 vs. Cont group (Dunnett’s t-test).
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Figure 23. Effects of isofraxidin (ISO) and syringin (SYR) on the cardiac autonomic
nervous system in the improved elevated beam walking (IEBW) test. The power
spectrum analysis of heart rate variability in the home cage and in the IEBW test. (A)
Normalized unit of low-frequency (LF) power (LFnu) reflects sympathetic nervous
system activity. (B) Normalized unit of high-frequency (HF) power (HFnu) reflects
parasympathetic nervous system activity. (C) LF/HF indicates the balance between
sympathetic and parasympathetic nervous system activities. Data are presented as the
mean = SE; n = 5; *p < 0.05 vs. Cont group (Dunnett’s t-test), #p < 0.05 vs. each group in
home cage (paired t-test).
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Figure 24. Effects of Acanthopanax senticosus HARMS extracts and its major
components on anxiety-like behavior, autonomic nervous system and BDNF/TrkB

signal.
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KXEF

Stress caused by changes in the external environment affects the autonomic nervous
system (ANS) and the hypothalamic-pituitary-adrenal (HPA) axis. The ANS is divided
into two parts: sympathetic nervous system (SNS) and parasympathetic nervous system
(PNS). Anxiety (psychological stress) induces SNS activation and PNS suppression.
Chronic stress (e.g., long-term anxiety) induces gastric ulcers and depression via
sustained activation of the HPA axis and the ANS. In addition, the total number of
patients with depression and other mood and stress-related disorders are increasing
every year, and there are significant social problems that are not represented in national
health expenditures, such as the large number of potential patients with mild and
untreated conditions. In addition, it is suggested that early detection and treatment
(intervention) of mental diseases can prevent its progression, as in the case of lifestyle-
related diseases such as hypertension and diabetes. Therefore, it is important to alleviate
stress in daily life to prevent the onset and progression of mental diseases.

Brain-derived neurotrophic factor (BDNF), which is involved in neurogenesis, is
known to induce anxiolytic-like behavior via the overexpression in the hippocampus. It
has been reported that BDNF is down-regulated in the hippocampus by corticosterone
administration and stress. The BDNF/TrkB signaling is important for the
antidepressant effects, suggesting that activation of hippocampal BDNF/TrkB signaling
may be important for stress reduction.

Acanthopanax senticosus HARMS (ASH) is a deciduous shrub in the family
Araliaceae, which grows in abundance in various regions of Russia, China, Korea and
Japan. ASH is described in classic herbalism literature such as Shennong Ben Cao Jing
and Compendium of Materia Medica, and has been used in China for more than 2,000
years as a tonic and treatment for rheumatoid arthritis. In recent years, ASH was also
reported to increase resistance to stress and fatigue as an adaptogen, and is widely used
as an alternative medicine in Western countries. ASH was reported to inhibit the onset
of gastric ulcers by restrained cold water stress and have antidepressant effects in
rodents. However, the evidence of the reduction of mental stress by ASH is not sufficient.

In the present study, I investigated the anxiolytic effects of ASH extract and its
components on behavioral and autonomic activity in anxiety-sensitive rats and their
effects on hippocampal BDNF/TrkB signaling by analyzing hippocampal protein

expression.
Chapter 1: Anxiolytic effect and the effect on hippocampal BDNF/TrkB signaling in

60



anxiety-high sensitive rats by oral administration of ASH extract.

I assessed the behavior and the ANS activity by electrocardiogram analysis, using the
behavioral pharmacology test (the novel environmental feeding inhibition test [NSF] and
the improved elevated beam walking [[EBW] test, a modified version of the elevated plus
maze) to examine the anxiolytic effects of ASH in anxiety-high sensitive rats. I also
analyzed hippocampal BDNF/TrkB signaling-related protein expression. In the NSF test,
ASH extracts mitigated the changes of feeding behavior in the novel environment, and
5%ASH administration had an autonomic stabilizing effect. In the IEBW test, ASH
extract showed anxiolytic-like behavior and ameliorated the increase of SNS activity and
the inhibition of PNS activity in anxiety-high sensitive rats. Furthermore, 5%ASH
administration activated hippocampal BDNF/TrkB signaling. These results suggest that
ASH extract, which has an anxiolytic effect, may be a beneficial supplement or

preventive agent in mental health.

Chapter 2: Anxiolytic effects and the effects on hippocampal BDNF/TrkB in anxiety-
high sensitive rats by ASH extract ‘s components.

In chapter 1, the anxiolytic effects of ASH administration to anxiety-high sensitive
rats were revealed. Therefore, I evaluated the effects on the behaviors and the autonomic
nervous activity by eleutheroside E (SYG) and chlorogenic acid (CHA), which are the
most abundant constituents of ASH extract, using the open-field test (OFT) and IEBW
test in anxiety-high sensitive rats. I also analyzed hippocampal BDNF/TrkB signaling-
related protein expression.

In the OFT, SYG and CHA alone did not show significant behavioral changes. However,
the combination of SYG and CHA significantly improved behavioral inhibition in the
open field, as did ASH. In the IEBW, SYG improved SNS activation and PNS suppression,
while CHA improved anxiety-like behavior. Furthermore, the combination of SYG and
CHA showed very similar results to those of ASH in the IEBW test.

Furthermore, the behavioral and autonomic activities of eleutheroside B (SYR) and
isofraxidin (ISO), which are the next most abundant constituents of ASH, were evaluated
in the IEBW test in anxiety-high sensitive rats to determine their anxiolytic effects. In
the IEBW test, SYR improved anxiety-like behavior and PNS suppression, but ISO
showed no significant changes on behavior and autonomic nervous activity at the dose
based on the ASH intake in chapter 1. Therefore, SYR may partially contribute to the
anxiolytic effects of ASH in terms of behavioral and autonomic activity in the IEBW test,
but the contribution of ISO may be low. In this study, only the combination of CHA and

SYG was studied. But it is necessary to study the activity of the combination of these
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components because the combination of ASH's components may have an anxiolytic effect,

as the combination of SYG and CHA.

These results suggest that ASH is effective against mental stress, and SYG and CHA
may be the main anxiolytic components of ASH. The results also suggest a partial
contribution of SYR. It was suggested that ASH, which has limited side effects, may be
very suitable for a supplement or preventive agent against mental stress. Future
investigations of its anxiolytic effects in humans and clarification of its mechanism are

needed.
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