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= ¥ & (Major depressive disorder, MDD) «f* 3838 i 5 &> ff & Fe g

-

27897 A42E 35 i £F MDD 2 FfFd 2 %3ER MDD i 2030 #
e 3 2IRR L EAFDF - Lo KA VI F it et ¥EHRFI R
AEGFERZDRIEY KA RRFBFATEOE M AL EF PRI X
(Gastrodia elata Blume) <_# ¥ S F N ITRCXH BN TEFFHFRL
7ol A AT T £ 2T o AFTF B R ok 4 (water extract of G.
elata Bl, WGE) =z 7 f = & X Ji H (gastrodin, GAS) ¢ =< jr H§ =~
(4-hydroxybenzyl alcohol, HBA) % % 4+ > #5345 % 18 254 :8% (forced swimming
test, FST) # g ¥ 2 ~ K I_F FEo TR RO E vk e S e 2

P PR E TS o ¥ b i2- H12 HPLC 2= GAS & 477 2 Frsecl 4] %
Rl g ® o pd 47 %> % 0 >~ ik# Sprague Dawley (SD) zeit+ K5 §
21 = »u] g g4 s WGE (500 mg/kg bw) ~ GAS (100 mg/kg bw) f= HBA (100
mg/kgbw)- 12 FST R 757 2 41925k WGE-GAS 4r HBA
FVRFEMFE YRR AH T 5 (immobility time) o 3R H veiE ik B 1Y
HPLC &7 447 S5 Br 2 Atk &0 7 " M50 - fo b 7 Meeni g & o
R E7 o 1‘%;&%@&%%“‘% THHMEER R YR B AMBE S M GT

# 4 (neuronal plasticity) ™ #»F £ & & ¢ o Flyt > AT T e d > &2 IF
WGE ~ GAS 4r HBA ##! 5 wm?z % 2 £ % (neuronal cytoskeletal remodeling) #p
* A

+ Slitl 4= RhoA v %> FE#H 2 & # & %5+ CRMP2 4r PFN1 3-v %R

B §% = —Slit-Robo 2. §2 48 > JEA -5 R i RN B - N

=

i

-

A BB EVTHEE e A%k w0 A EMR w2 (Human
oligodendroglioma, Hs683) 2 % Slit-Robo /3 » st fm?2 k4 w22 WGE (0.5
mg/ml)~GAS (50~100 = 200 uM) f= HBA (50~100 4= 200 uM) * 32 % 24 |

B A S LEEE A9 F WGE-~GAS 4v ¢ % &lE 2 HBA(100 f= 200 uM)
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Abstract

Major depression disorder (MDD) has generally been found in  humans
worldwide. More than 350 million people suffer from MDD. The World Health
Organization (WHO) predicts that MDD will be the first global burden disease in
2030. Due to undesired side effects of depression treatment, patients with depression
tend to avoid medical therapies. Therefore, it is important to discover an alternative
therapy from natural sources. Gastrodia elata Blume (Tian-ma) is a common Chinese
medicinal herb for mind tranquilizing. Recently, some studies have reported that G.
elata BI. could be applied to ameliorate various neurodegenerative disorders. The aim
of this study is to investigate the active compounds, gastrodin (GAS) and
4-hydroxybenzyl alcohol (HBA) of the water extract of G. elata Bl. (WGE), on
antidepressive-like activity in rats and explore monoamine metabolism and modulated
cytoskeleton remodeling-related protein expression in the Slit-Robo pathway after
forced swimming test (FST). Furthermore, the analysis method of GAS using HPLC
was developed and validated for source of G elata Blume identification. In vivo
studies, the male Sprague Dawley rats were oral gavage with 500 mg/kg bw of WGE,
100 mg/kg bw of GAS, and 100 mg/kg bw of HBA for 21 days. It was observed that
the immobility time of WGE, GAS, and HBA groups were markedly decreased in FST.
Thus the depressive-like behavior could be reversed. WGE, GAS, and HBA restored
higher turnover rate of serotonin and dopamine compared to control group. Due to
neuronal plasticity correlates with depression, Western blot analysis was applied to
Slit-Robo pathway, the neuronal cytoskeletal remodeling related protein. It was found
that WGE, GAS, and HBA significantly down-regulated Slit-Robo pathway in the
hippocampus that promote neuroplasticity. In vitro studies, Human oligodendroglioma
(Hs683) was co-culture with WGE (0.5 mg/ml), GAS (50, 100, and 200 uM), and

HBA (50, 100, and 200 uM) for 24 hours. The result indicated that WGE, GAS (50,
1l
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100, and 200 uM), and HBA (100 and 200 uM) notable down-regulated the protein
expression of Slitl directly. The validation method using HPLC was applied to
investigate the quantities of GAS from preparation processes, sources and phenotypes.
The results showed that the slices of Gastrodia elata f. glauca S. Chow under water
extraction contained the quantity of GAS higher than G. elata Bl. f. elata. In
conclusion, these results suggest that GAS provides for WGE exerting
antidepressive-like effects through decreasing monoamine metabolism and
down-regulating Slit-Robo pathway. Furthermore, the validation method can be used
as the source of G. elata BI. screening for health food development.

Keywords: depression, forced swimming test, Gastrodia elata Blume, monoamine

system, neuronal cytoskeletal remodeling
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JER B = ehd e g 100 § 4 (WHO, 2015) - & 7 ik 5k (World Health
Organization, WHO) 7 ] & #jz %% 2030 # § & 23k + f B A Y -
¢z (Mathersetal., 2008) - % 7 F #»xec ﬁ?{m-& Wk R Fion
B F AR R > R oRin R ARG 20% 0 ¥ b AR AR R
B FLE ML ﬁm%i@*mﬁﬁﬁﬁﬁ@%ﬂi%ﬁ%%éﬁ°

% Jir (Gastrodia elata Blume) 2 1338z F &g fs & (75 @BaLd #3012
FEABIREY o Y FLI o X5 o3 1 (Yuetal, 2005) ~ fua
(Hwang et al., 2009) ~ +*4 % (Heo et al., 2007) ~ #gJr (Hsieh et al., 2007) ~ =2 &
B3 2z 4 (Chenetal, 2011)~ i %4 5391 (Huangetal., 2011) ¢ #i8 # oz
% (Chenetal., 2008; Tsaietal., 2011) - ## 3 F A nFA T " F R frkF
(water extract of Gastrodia elata Bl., WGE) +# "# 433 1é #5485 ¢ (forced
swimming test, FST) + 8%5¢ & F 2% § 7 mecni 3P S R F 4 g7 #Pdfla
B % (f > 2008 5 +k 5 2012) -

g #r FST 3% WGE /B4~ X fr¥ (gastrodin, GAS) £ % jir ¥
= (4-hydroxybenzyl alcohol, HBA) z_ iR #»x % 22841 o 8- 11 X S E AR
‘m#e % (Human oligodendroglioma, Hs683) ‘¢ $k5% % WGE ~ GAS 4= HBA %t
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B!
4
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A 2T T4 AT RRBHEY 5% FE9F 100 FEERELE
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AARFIRR 0 2015) c EF H p MR T d & - B o TR ARG o THEA
R FEY AN ERITI EpERFDE - ok 2 L (2 AET1380 2012) o
B A A FREE et bR & 3 4o i e K Fu B 4 (2013) 1T E e Y B %
L@ e 1990 #¢0 11.5% # = 3 2010 & ¢ 23.8% 0 LimE z 4 fi&;’ﬁ
— A A RRmo A A RA T R F A FREME IR L R
W FOAAR S doi B P IR T H X Un R IR B R Ll R R

1A A A HI PR T EFEHRT B F ALE R B a2 2

ARG RARRRW RS HEEA G eR i B R kAL g HiE
e XL A EE LR ARIL (38 0 2002) -

B30 BEFaR(FEARGEORCE-HFRNST

A
il —0-24 25-44 4, ——45-64% —B5

60.0

38 28 26 25

00 - - - :
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(2 4851130 » 2015)
Bl— ~ Frie oM™= Fode i denf

Figure 1. People death for suicide from 1984 to 2014, categorized by age.
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Table 1. Account rate of suicide causes.

RE FEARA Wt
T BE2E | KA

M@/1 e | AER | NS | fi "F; ;‘W‘-“ 2 rt

#—H & BH 52 3 ﬁg ™ 28 Fﬂ w4

95 # 8.5% 0.1% 4.5% 0.0% 42.3% 0.6% 35.7% 24.8%

96 F 8.6% 0.6% 5.6% 0.4% 29.5% 0.7% 45.4% 33.0%

97 % 10.5% 8.0% 6.3% 0.4% 18.0% 0.8% 48.8% 37.5%

98 14.3% 0.1% 7.7% 0.3% 12.9% 0.7% 56.7% 40.7%

99 # 12.67% 0.03% 8.53% 0.39% 12.77% 0.74% 58.14% | 40.35%

100 11.00% 0.10% 8.03% 0.27% 11.37% 0.84% 60.21% | 38.35%
1T /8, AoRGPM X¥ FREEHERE -

2T RBERARELRA, 0B E (ZB) FEAN - BERFBKALERNA -

TR ARG, CARAMBREA R K EMM ANAE FXERKE  FEMAGRE KL

AR AR F -
EATHARE WEER 228G REBMaRbCRRE A EBERE HHER (B
BAE) -

(2 457137 » 2012)
(=) 2¥EwI
2 4 & & (classic depression)
~ Hs H &% (unipolar depression) » 4 ac s & & T~ g s > B2
FERERFY @388 P05 p ¢ - 28 FH- ﬂ:%«;ﬁf%ﬁ-%é 7o RBLEL
RS PERIF Y 87 AR IR FRE o 2B FRALS 7 FY Sl
% i1¥ (Buckman and Charlish, 1999) -
2. B4 (manic depression)
~ fiL i A g (bipolar disorder) » & LA ¥ i@ TEE 2l TH
EAFPFEL 2RWELF L o F R F R WS L B P
T IR AR A REE R T E PN R ;@ﬁfﬁﬁﬂﬁk{g DR A R
A& (Buckman and Charlish, 1999) -
* X R ¥ x (winter blue)

F &It (seasonal affective disorder, SAD) i % % 4 & % &
4
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REpOpig > A9 2R TR0t TALF LIRS > d 30 P RE
COERAME R AZR LRI ED PP TR B e FERd
b F R B G LR e g 2 AL A
(Buckman and Charlish, 1999) -

# i & ¥z (postnatal depression)

AVRBAVEHL A5 - TP WML - BR A BB RRPEET A
Lt AR IR R B Tk L AR R o 2 0 4B
WEAHp e S RONAHAL R BIEATR O AR R fomiz »
M E_3 & # % (Buckman and Charlish, 1999) -

5. #c% 73R ® oz (smiling depression)

FLBEERLY §EMA : R he kR L NS SR E § AR
SRS o AT R A ETEE PR BB d 07 B ST R R
B STRUERE R 7 BT AL p B4 (Buckman and Charlish, 1999) -

() 2% N

F RHA %?g 2013 & 5 " o % T RN B R Brge Bzt £

(diagnostic and statistical manual of mental disorders, DSM-5) » & »+ 2014 & 10 *
7 H A B B A T %5 2 5 4% ICD-10-CM/PCS © MDD ¥ 5453 & fogi ik 4
BedpTIE (L F) pRESEY PR @A AWM R L0
S SRR £ EENC fxw}@rﬁr R
(1) Brax < S HEpRRERBEREY (2 BI & X % J PR > #3
DFE (BT 2IN) nEhepal & BB N @ Y R DGR () B EF LR
SR H e (drh- B Z P REE R ICAZE 5%) B ST A%*,;‘K*}a CE Y REY-E: £
IR S (4) BTE R ifﬁkf“%’mi—tﬁﬂfﬁ P (5) BT A X IR E AFA EE L
b NBFE L (6) BT EREIRBARG A F () BT EXREER LR
BlE A BRSNS ERABEERLB) B X WA P A BT A TR

RREHAD A 9) F RARIEL DEF 0 AF RORR G B PRl KR
5
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Ao e Mg AR 3 B np 4] (American Psychiatric Association,
2013 5 A g flinE W 8 B F R F A F R 2015) -
(2) BH T2 2Hh
1 wIBAk ¢ F 3
—EFTAN T Lk g KRE BB P WA BRI FR AL e

B4 TR B Rk 0 I - Barnett o Gotlib (1988) B S5 E A <
it g FlE e RW L BFenl o | i 2 B & (dysfunctional attitudes)
A H (personality) ~ 4+ ¢ % 4% (social support) ~ ¥54F 1% & (marital distress) /& ¥+
% ;4 (copingstyle) % w3iZid ¢ FlE$p SR WEPFL LG FAMBE - 2
¢ aKA\/;s;b%\;}ﬂ AU A 2 A BEpd g %gva i A5 g@q\wrﬂf;‘; ]+
(cognitive vulnerability to clinical depression) & F]&¢ {4 Bz - Fu & 4 (2013)
#1990 3 2010 & B4R A A 2 B~ B R E M4 Bk (common
mental disorders) & #7# & S % &7 H F 75 d 1990 # 0 11.5% i3 #d 4o 7
2010 #¢ 23.8% > H i & R FlEMu] (H) s MERTARE ~ &2 E - R KT
FEREFFOPTT M-
2. 23 1B F %
(1) #gBEy

G BEY TR & fAREA 5 amine ~ neuropeptides ~ purines e 48 >
amine #f ¢ 4% : H g (monoamines) f= amino acids (Breedlove and Watson,
2013) ; neuropeptides #g & 3% : opioidpeptides fr— = # 5 *<#F (Breedlove and
Watson, 2013) ; purines #g = 3 : adenosine triphosphate (Wieraszko et al., 1989) fr
adenosine (Nishimura et al., 1990) ; 5 %8¢ ¢ 3= : nitric oxide (Snyder, 1992), carbon
monoxide (Verma et al., 1993) {= hydrogen sulfide (Gadalla and Snyder, 2010) > #
® monoamine #Ex w4 = catecholamines {r indoleamines > # ¥ ¢ 7 & ¥ ¢ 8'?
% (norepinephrine, NE) ~ %} ’ﬁ{% (epinephrine) = % = %= (dopamine, DA) » &

H ¢ %o % (serotonine, 5-HT) {=422 jk% (melatonin) (Bielecki et al., 2008;
6
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Breedlove and Watson, 2013)(# = ) -

o ~AHGBES 2 LR

Table 2. Classification for neurotransmitters.

Family and subfamily Transmitters
Amines
Norepinephrine (NE)
Catecholamines Epinephrine
Monoamines Dopamine (DA)
) Serotonine (5-HT)
Indoleamines .
Melatonin
Gamma-aminobutyric acid (GABA)
i _ Glutamate
Amino acids .
Glycine
Histamine
Other amines Aceylcholine (Ach), anandamide

phenethylamine, N-methylphenethylamine, tyramine,

Trace amines . ) . .
3-iodothyronamine, octopamine, tryptamine

Neuropeptides

Met-enkephalin,

Enkephalins .
. . Leu-enkephalin

Opioid peptides . )

Endorphins Beta-endorphin

Dynorphins Dynorphin A

i Oxytocin, Substance P, Cholecystokinin, Vasopressin,

Other neuropeptides ) . i

Neuropeptide Y, Hypothalamic releasing hormones
Purines

Adenosine triphosphate (ATP), adenosine

Gases

Nitric oxide, Carbon monoxide, Hydrogen sulfide

el AER %ﬁ’?ﬁ%@}iﬁﬁ PR H vRA KBRS T A e H
g i (Bunney and Davis, 1965; Schildkraut, 1965) » pt Gi iR ¢ & fade % 40 55

R H gk R iR W E F4oa 5 % § 44p R 2 (Hirschfeld, 2000) < d *+
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Hogh TR BB T B3 Mo Higpai S S S Ay B ai it
(Van Praag, 1982; Hughes et al., 2004) - H ¢ &= 3 f=[fl & 35 @ Hieig< ¥
(monoamine receptor) (Hsieh et al., 1998; Meyer et al., 2006; Guo et al., 2013; Wang
etal., 2014)~ ¥ »=3f & = = (monoamine-synthesizing enzyme) (Davis and Carlsson,
1973; Shin et al., 2011) f-¥ "»=#g ¥ i* f#= (monoamine oxidase) (Riederer and
Youdim, 1986) % » H & ) § 8 rGI0H vRgF ek B o H RgE X BTy ¢ 0 5-HT £
P I G S B ARER 0 BT 5-HTIA 4o 5-HT2B % Ry o i
(blockade) 5-HT2A/2C % B+¥ iiie 5-HT 4 a3 R ; {lj 5-HT4 £ Bv v
#] 5-HT #:i& 3 (transporter) & f4F 5-HT # &~ enf 4 3 EH 5 e % 5-HT3~
5-HT6 {v 5-HT7 % B+ B &4r4] 5-HT #:&F 3 (transporter) %@ 5-HT 2
£ 44 (Artigas, 2013) ¥ £ Behd o e B & ¥ %630 5-HT 2 Lehm g o

P

-
2

& DA £ B

IES

DA = FAER > Tk L ¥ REWRELF

=

a*ﬂ
94

&

DA2 % B

4’%‘%‘

FREF A 5P DA ehi ¥ B3 (D'haenen and Bossuyt,

X

R B F
1994) - f#s 4 F %3 3 SCH 23390 4447 %7 DAL X B DA thig &
iwa prd] DAL £ Bw 44 % 3% DA il £ 2P ankR (Choetal., 1999)
b WA AR A B g gFd R 5% % %15 (brain-derived neurotrophic factor,
BDNF) ehB #pr 5 @ B > B4 §15 4 BDNF k& 35 % ' <3 8505 DA3
% ek Flend #7 (Sokoloffetal., 2002) - @ - ¥ '=ig & et 3 ° > ¢ f fa¥g
it f= (Tryptophan Hydroxylase, TPH) #_& = 5-HT hBi&Ept% > P o 3 7
TPHL {r TPH2 & 481 3] (isoforms) > & & @5 & % v 3 Mt pe & 2 M
A% TR RN 5-HT JER 7 & &R % (Boldrini et al., 2005)  fizveeph 5 (* fis
(tyrosine hydroxylase) ®#_& = DA # 54~ L-dopa € & fi¢% (luvoneetal.,
1978) - Baumann % 4 (1999) # m.2tp B %&I};r_ﬁ—‘ﬁ F)F gen® § Hﬁ‘\;‘é
Mo WA tyrosine hydroxylase shid g ime BB %5 o B ikig§ s
(monoamine oxidase) 3 &= MAOA {r MAOB = & > MAOA ¥ 3+ 5-HT ~ DA

foi F 1 ’JT\% (norepinephrine): m MAOB i & iz DA (Youdim and Weinstock,
8
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2004; Duncan et al., 2012) - & X & & 12 % %‘.‘—"ﬁ’s}‘ﬁuﬂﬁ‘& B 0 MAO &4
FRO - A OERGIH SRR A L Fpt Bk i ps e (monoamine
oxidase inhibitors, MAOIS) # it5esk £ ¥ L endd # * # (Sandleretal., 1975;
Youdim et al., 2006) -

(2) p &

TALE AT - ”!Tﬁdv‘sﬂ (hypothalamic-pituitary-adrenal axis, HPA
axis) AP A G FRA AP LR IR FRBLRARET § RRBEALTH
% (glucocorticoid) - xx w ik /B4 o A RP THEAL T AL TR
(cortisol) » A# 4= 88 A RIFEA B FIfr (corticosteron) > i3 # 3w AR A H FfE L
% #ed15 Lenier (Schleimer, 2004) - e EoE R F @ ¢ A 2 B LR %
(Sorrells and Sapolsky, 2007) - Tk #7 § # BB W g & F i 4 TR 7 28T
AR T Ak p HPA iR F 1 #rid = (O'Toole and Johnson, 1997) » i 8% 5849
FZi74  (Mirescu and Gould, 2006) -

3. # &% % ]+ (neurotrophic factors) 44! (5 ¥ # {4 (neuroplasticity)

Tk A7 3 b Bredn e (iR & (neurotrophic) frimfe ¥ % 44 (cellular
plasticity) ¢ & & @ & § % 7 & & M #{+ > Soeiro-de-Souza # + (2012) §f
AT BT ] 0 245 DA A BB/ FREAR A KA
A GR re S R S e F R N R SRRV R ok d 4 o A d
R RS A S E L S R LR R Y R A
WA hmie B afr B P H E e B xRS 2N SHEF Tans 2 A
VO M ens it /i % (cascade) fr % f§ F F (consolidation) o wPE e BL G Hip
= 1&_ phosphatidylinositol-3-kinase/AKT -~ phospholipase C = extracellular
regulated kinase/MAK % X 25518 > B3t g TR E L Z B R 2 4 g
AR R P EN ST e 24 G (5 BB (Soeiro-de-Souza et
al, 2012 ; £ 42 44 FH ¢
4. RFEFEH

B o] s 2014) -
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O™ T B e 7 lesd & 2 Bdplor > A FIE RB N T 8% 0 B en
A4 L3 Bad o = (Cadoret et al., 1995; Kendler and Eaves, 1986) » 4“3 %
#CCaspi % 4 P (FRIEY > S A7 B R EEE S AT 5-HTTLPR
SR F R € X PEE AT (allele) B F M i ME a9 5-HTTLPR
#ie BWp A2+ M (Caspietal, 2003; Leschetal., 1996) » & 4 A& 8 % 4%
Je B A BB T A §F R AT AR A E B AL L@k (Caspiet
al., 2003) - Heim {r Binder (2012) 7% %+ st Tk < B (corticotrophin
receptor 1, CRHRL) A F|& & @ perip g @ 4pdi> #8737 CRHRL kA&
%+ (homozygous) z. 3£+ H 2 7] (haplotypes) pF - A& 2 pFip X 3| et & 3
s AL B RS FEFRK o A 5 ¢ > Tyrka % 4 (2009) %
REZEYAIGE S HPAAXs # i % ¥ ehig B BAE > H40% F 483 CRHRI1
k& H B (risk haplotypes) » A p & ik fjpcsdBe @ € H 9 A TR A i o
() vk >3t
1. Z45% (antidepressant)

BrioR AP wk YRy DD ELE R AP ERERTLAEK
Wtk 3t (Torresetal, 2003) (Bl = ) - I iF B @ * Zik (v 544 5 H kg
#4413 (monoamine oxidase inhibitors, MAOIS) ~ = & ag+wR # % (tricyclic
antidepressants, TCAs) ~ £ # - a j 2 &1 § 1 5:11% £ w jcdrd# (selective
serotonin reuptake inhibitors, SSRIs) ~ & % & & &} ﬂ;j‘\% B ow g
(serotonin-norepinephrine reuptake inhibitors, SNRIs) fru 5% < 4833 & H|
(serotonin receptor modulators, SRMs) = &4 7 3 o JR* b W HEH H R 4 R
ek B A AT EF LY FRO B EF A ST PR T
A5 g4 & (Malberg etal., 2000) - Piubelli & 4 (2011) - 9 f]* 3¢ &
BE = ;U473 SSRI 2 ¥4 escitalopram (ESC) #43t+ Bls S g 4 77
BB H o BEFRES ESC B> ARGV X P ApM Fy FLAREF K

FrAoka  BWREYFLF IR AR R A K T HE
10
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MA D B0 B E ¥ ks % (Khawametal., 2006) » # 9 & 7 & AR 1

oo TR R K’E@fﬁ%"km/r)ﬁ}%g

Dopamine neuron Noradrenaline neuron 5-Hydroxytryptamine neuron
| Tyrosine | [Amph.] ["Cocaine | Tyrosine \ Tryptophan \ [Amph.| ["Cocaine
\ \ |MPP+| [GBR12935 / \ \ Cocaine \ \ [MDMA| |Fluoxeting
A -DOPA WIN 35,428 / -DOPA  \ Nisoxetine / 5hydr0xytryptophan Paroxetine
Y RI-121 | / \ Reboxetine| , I'4 \ Sertraline
£ o/ /

5-HT

/ ") / N
DA Adrenerglc .

o — 0
autoreceptors .° ; . 2§t autoreceptors ..: g * B
. L . o ¥ 8% Y o
. (]
VR VR VI ¥ VE VR § Vi
v DA receptors \\ i Adrenergic receptors \\ / 5-HT receptors

(Torres et al., 2003)
Bl A SR A2 5§ 9:]1% ME G FE S R v TR
Figure 2. Schematic representation of dopamine, noradrenaline, and 5-HT synaptic
terminals. Amph, amphetamine; DA, dopamine; DAT, Dopamine transporter;
L-DOPA, L-3,4-dihydroxyphenylalanine; 5-HT, 5-hydroxytryptamine; MPP+,
1-methyl-4-phenylpyridinium; MDMA, (+)-3,4-methylenedioxymethamphetamine;
NA, noradrenaline; NET, noradrenaline transporter; SERT, 5-HT transporter.
2. T %% (electroconvulsive therapy, ECT)

TRSCRRILL ARG T Tl BRaEp Sh{ $ 4 SR EFF
i B HEE L ISRE AT NERE B ERAH B SR E AR Y 0 2 8
ARy 24 A R RS ECT i BB REE%R > NF 80% R Hius
Aok oL > ey 60% m&i%’*)ﬁﬁva%—f PREEER ECT ok Br 4%
A A E B Y ECT e R 7§ (% > 2011) -

3. w355 (psychotherapy)

11
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TR A A A MR 5% (interpersonal therapy, IPT) ~ 2a4is &
(cognitive therapy, CT) ~ 7 % /% (behavioral therapy, BT) fritsis & ich
(wwabmwmmmmmmuﬂ)i*ﬁﬁ%@&’ﬁw%ﬁﬁggﬁﬁ%ﬁ,
AR R Rk € i o FME AR R E M e L e E
o IPT £ Klerman % % & 1970 & &P LB HEp 4 > “THF B ke
w50 % (Klermanetal, 1974) - 3 4 2 % dds@m ~ & 95 ~ R Ema s -
BERE P TEY ~AIBEREESE (Klerman 1984; Weissman 2000) - p # IPT
AE hp A AR TR A A 2 R4 M i gk (Weissman 1998) - CT &
DRSS T Y RS oS 4 U PR REY X AR S S
M2 (Beck, 1967) ~ w12 & e 5% 22 2k %7 7 (Kovacs and Beck,1978) >
1E R R Koehin oy ke (Beck etal, 1979) 0 % R FTEb o A R E KT T F Y 5
Peh™ R R A T B D FIE BT AR L ot 2R p 75 1 REH

ANFHAMILE RS 24  ERCLE RES 2 10 by (e frE g

2012) o % R E B PP P ISR S 7R F R KR
BBV FRALF @S § R T AR RIAR LG GRYN RE
% R EAT T MR Y fazaneed (B R 1990) ¢

CBT & CT fr BT & chddr o d 067 2 inf 8 f #0504 L o B 2 o
S E AL R RIS R FH T A A 2 R AR B KGR AR

peneni & (JF B # > 1990) - Patelis-Siotis (2001) zn% » CBT v xR #

—=

REenf & BV EBIEL e il R @Rty Pkt R KE
G o BWRERE
4. KRR

R AT gl R ORA ARR R o HEd P LR e g F AL R

# R gtk (Rosenthal, 1993; Eastmanetal, 1998) » i & 4 & & 7§ & - B4 4

-

e RpERd = Lo TR R BRI REFRMRERE RS Tk

P22 dmd e X AL F g oo KBISHFIVRE- o HE S F &S R
12
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FREF - AT FRERRE R pRL Y EEEFERE R T
PEm p R R BT SR RS (RFARZEE A RE € FIL RIS i =

4 ) (Fcz o8 =g > 2012) -

Y
() = Frenfhtgs A

% Jir (Gastrodia elata Blume) #_d - =7 7 £ 4~ & 7 Charles Ludwig de
Blume (1796-1862) “7#%| & ¢ » s Ejm ff e 4* #7452 W 7de b 2 4p (V21
PERAZ)AE FRRERFACR P EMNBEH AR Rt (T
F o ¢ ARG EY DFES o A FENEAD R AR R E R R

(=) -

=5

,l If

wol YPE!

Gadeodsa ofate. Blue

‘10050v

IR E B RIE A AR )
Bl= ~ % friR*
Figure 3. The specimen of Gastrodia elata Bl.
AJrH 2R AR RA R FEE S DS EA LT ARGHES AR 4 F A
FF LT EF CEFTUIFREFTLE > FASE BTG R
e

N

23

She
R

=

ESpe Ll R A THERUIMBP T B JIL 570
13
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RI;~p A ~gp@~¥F R 12 REBE LS R0 40 > 487§~ T 5
L@~ E£&LF®AH 1500 1 3000 = < & F 5 >R ax fr (£ 0 2016) o 7R
SET R RRST Ik ¢ RA R ¥ E A G 1087 &M-X A 5 AR
(Gastrodia elata Bl.) ~ /= = J- (Gastrodia angusia S.et S.C.Chen) ~ = % Ji
(Gastrodia gracilis Bl.) ~ = % Ji+ (Gastrodia javanica Bl. Lindl.) £ 7% % Jpr
(Gastrodia tuberculata F. Y. Liuet S. C. Chen) % 1 i 544 » 2 ¢ x i (Gastrodia
elataBl.) = 3 & %32 = = - (Gastrodia elata f. elata) ~ % = Jf- (Gastrodia elata

f. viridis Makino) ~ § % f+ (Gastrodia elata f. glauca S. Chow) ~ & = fr (Gastrodia

elata f. flavida S.Chow) fr#>= ¢ (Gastrodia elata f. alba S.Chow) 7 i %3] » =
EAEGEY A fehi & KRed WA Xt ERIBRB U] et P EFHD S

RS SRR DREEE TS BV SEE STy ARy S
Br2se 2 fBs A SRR o o FrFA R R RA G Y gl BB
WE P RALa A (BHA1987) B A 0 2P AP EX Freni B
AR H A GATE SR E 2010 £ 3 2014 £ o 2 R R SRR
2409 Fwx~ AE 7455 g o7 RIfA A B 10923 A4 AR 4 & 2
ARG LR 7 Fwo RRFSpAR 2100 § o7 RAEEAE
27 A~ A AR AR 2020 &£ 0 2P R FrfEte g ffE ] 15 B AL EAE

9] 35 AL R 41 ABERA 70 R R (B 5 2015) 0 ¢ B A A X

- RACF R EHRRA  asES AL AR 64 0 F RR

I ARTEAN 2 F F T R Rk G A5 R Fod Lgm

SRABEE REPNY AsEY AL AaE5 40 DRSS

TE’%Fﬁ?yE—"E\‘ X sy %ﬂ%ﬁ[ﬁ"]i#mnnﬂ%ﬂ f,’%.‘ﬁ’g_;:'?’.‘i_'_ing,
14
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Brm AT 0§ vk MR TR 46 A NN o s v S Ak
o -
ZEAREER BRI AAREY S A ERA A F6 ¢ 0 EfRR W

BIRTEAN F I hy > A AR R s R Fed - 25p 8

AR REE T S Ak R (Y EA AL rRFEL RN 1984)

AR BRF L) FHE G R DR B Had R RE D LY
AEE R B Sp P oW FRL2 AL AHE G B Tk
FLR ERFlRRECAS T ERLL O A Y (Ble) i pbp &
(Frcfe £ ¢ > 2011) - PL € P T R £ 231 7 1 8 T et S f6fE

B~ 2B (A) i (B) e E (C)

Figure 4. Photographs of Gastrodia elata Bl. (A), flowers (B), and tuber (C).
FRWEAFORAALT R EIATA T AR T A RBRDE R T A S iR
B0 R A el R A SR 0 R EERIEH & 25°C 10T 0 RA A
B 60% 3 80% 2 FF »d 3L s ARE 0 A SR AERED 100 T2 o

PAREEAE AR F ERY RRET 607 § TR o TR & fiE s
15
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FAF 3 20 4 LU ARR L g RE (2 2016) -
(=) X tAn A g
1. 7 4l 55 % Seenie s
(1) o

50 RAFA GG 2 W 2 BRI ET X iR AR
&4 B 3 4 g2 # 2% (Liu and Mori, 1992; Hsieh et al., 1999; Hsieh et al.,
2001) » = P @ E B4 v d 7§ y-aminobutyric acid (GABA) {r# 7 £
glutamate #7344 endd S5 ® B3 % (excitotoxin): F s % R e (Huhetal,
1995; Haetal., 2000) - Kim % 4 & # - ppiist P %R 2 " BE4H 2
H#o) BUA B £ Kainicacid # Eeod S T o BT FHRERE S P
« E 3 4p e F B % % (Kimetal,, 2001; Kim et al., 2003) © % fr4opm 2 & i
=8 %4 c-Jun N-terminal Kinase 2t 4 & %52 /= %2 & activator protein 1 % 3 >
] s R B <% (Hsieh et al., 2007) -
(2) e W

A%z AT A FST AEFRY AR H Y %7 A A fpkEF  FR
VR FE MR Ak A b apE o X A F R 4o %edt B5-HT fv DA 7
(Chen et al., 2008; Chen et al., 2009) = g+ #F » 12— 3 2 JL FIREE &7 3o FHIE A 45

Sk E s R G FST RSB ok i gl B A SIS A 415 R R

F74  (axongenesis) ~ #¢ 5374 (neurogenesis) ~ A 5k SuF B e § Ttk e B
B (P> 2011) 5 fedev WREE A 478 A Swre % £ 2 (neuronal

cytoskeleton remodeling) = it 4p & (+%°2012)c % ¥ % -k 54 £ 3 b @ %k >
Zhou % % A FST frk %M fi (tail suspending test, TST) # ¥ & 4 2 & 4 50
VoG BAFLBERFLSFRS VHEFERERIARE FEL DR o
(3) # 5w

- gy A AR SRR Vet oA G R RS

SRR el B 4F 1 (Block et al., 1995; O’Neill et al., 1997; Lee et al., 2000) o 1 #
16
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WAL s AR F iEF L&~ & 498 L-methyl-4-phenylpyridinium 3£ % rat
pheochromocytoma (PC12) ~ human dopaminergic (SH-SY5Y) ~ primary neurons :#
FHEGOSI BT BN BEBS RIS F T /B % g s (Anetal, 2010;
Huang et al., 2004; Kam et al., 2011; Kim et al., 2007b; Zeng et al., 2006) -
(4) #c§ sl g

Pk B A & §.d 7 ¥ 3 ¢0 amyloid B-peptide 7 & ¥ R AF ArHinig 2

A G mie i B ¥ &5~ (Glenner and Wang, 1984) « Invitro = & » 3 = [F?Jef d

)

T RE BT L A SR A e i CT105 (- & amyloid p-protein
SR Fw ) fri Eeaie i £ 19 (Kimetal, 2007a) 5 Invivo = 6 > % s & F 2o
kAR A S mrr B2 RiT 0 2 #4555 (Shuchang et al., 2008) -
2. o gk BeniE

72 /]?e:};] DR AR AT %ﬁ“é F#r#| collagen ~ epinephrine ~ sodium
arachidonate 4= 9, 11-dideoxy-11a, 9a-epoxymethanoprostagrandin F2o. % % 5. %]
+ > i puge gk (Pyoetal, 2004) o A g% ) A w2 (umbilical vein
endothelial cells) {;*gci s % ko (coagulation) feik; £ (fibrinolysis) & 2%
§ o] E S o Hwang £ 4 (2009) #-pt w441 X Fro [ E B AT 0
% 3 I " X tumor necrosis factor (TNF)-o 7 3 3k e PR e AT it e a8 4 o < B
- 7% [ %1 (middle cerebral artery occlusion, MCAQ) s 4~ 5% 1 & & HHeps &
W Y b oo A IR S X Fraus it A HBA fo GAS £ 4 P A
HEARR G LA i (Kametal, 2011; Yuetal., 2010) -
3. Fug L iew

T frt BREBP N A g2 FeaE i £ e o 4-hydroxybenzaldehyde ~ HBA ~
benzyl alcohol {= vanillyl it 5 »2ipf d Bk foic2 o 4 B 514z chgf L0 (Lee
etal., 2006; Ahn et al., 2007) > 4& ¢ &_f| * #r4| cyclooxygenase (COX) -z it /& 4

& if 34 L ## 2z (Ahnetal., 2007; Hwang et al., 2009; Lee et al., 2006) -

17
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= ~ ¥ (gastrodin, GAS)
(<) - g

IUPAC - # % p-hydroxymethylphenyl-b-D-glucopyranoside » - £ 3% &
CisHigO7 > » + £ 5 286.28 > 3 B 154-156°C > ¥ i3 3+ ¥ fRfre fi} » S5 4

OH

O
OH

BT ~ %

Figure 5. The structure of gastrodin.
(=) 2 FH RRE 2 mE

A FH (GAS) 3 % fpP dh- fha R R AL H G for sniE gt §
FONIL R B R ERR A B SR A SR B o E ¢ A 54 A gk (Liu
etal., 1988; Wu et al., 1996; Hsieh et al., 1997; Ojimann et al., 2006; Zeng et al.,
2006) ° B % 0 GAS % Mt N HEHIC L RS AL S B 2T o B ¢
= #8'% j# y-Aminobutyric acid (GABA) =f%% (GABA-transaminase ~ succinic
semialdehyde dehydrogenase 4= succinic semialdehyde reductase) > & %% =1+ %
FrpE g ¢ < 20 GABA '3y #s(Anetal, 2003)-An % 4 (2003) i 4
PiEA Q) Bl 60 mg/kg bw GAS - &2 > IR GAS & Fd &+ glutamate
decarboxylase % I k3 4 GABA thz €+ # ;2% i< GABAtransporter 1
¥ GABA iF & v f > e ¥ $r4] GABA-transaminase ~ succinic semialdehyde
dehydrogenase 4= succinic semialdehyde reductase * = fafi% % c& 3R > |7 1
GABA = & %% iz - Choi 335 "oif & #84% . (ischemia) € Hf ¢ fm?e &
glutamate =k B - 1% 4 &% e glutamate X BiE R E 0 A ER

N-methyl-D-aspartate if if 3 847 fodh 3+ 7 » fmre po (influx) - & 4 50T =3
18
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Wit Flptdnipld S0 i S A FGIN AN A B A G dd B4
#1 (Choi, 1985; 1988) "&53R & #844 w4~ #p i £ ¢ 1 B3] nNOS v eNOS 75 >

218 ;gcj iINOS # # = £ & NO (ladecola, 1997) - Zeng % + (2006) £+ %=

R B wmre 1Spg/ml X fpH e 0 B G d EMATAES o NO kR kit 34
FrwieaniiEd o MCAO SN~ HA 2 BN 0 S5 FR - X

i 7R M dnak e frig el g T (Renetal., 1992; Zeng et al., 2006; Zeng
etal, 2007) o g+t » X H T R G el B & B S chwmie - K (Wangetal,
1994) -

=~ X3 7~ (4-hydroxybenzyl alcohol, HBA)
(=) -
IUPAC % #% 4-hydroxybenzyl alcohol» it 5 3% 2 C7HgOz» 4+ & 5 122 »
38 116-117°C » 7 3307 e d O 0 BN AR AT
—

=

OH
Bl= o~ % i~ B

N

Figure 6. The structure of 4-hydroxybenzyl alcohol.
(Z) *HF~ R EEY

i~ (HBA) R L3 3t fed ¢ (Kobayashi et al 2003; Huang et al 2004
Caietal 2008) » = % ¢ H ¥ - fa3 R ehpeagit £4 > 7 4 vanillin fr
4-hydroxybenzaldeyde & = (Haetal., 2001; Jung et al., 2006) - % % i* /& 4 4p i 5
FAEL ALk B AT R R R IR ER RS o P D AR A AP A
T (neuronal disorders) %= 3 4 : FifEsp (Liu and Mori, 1993) ~ #2 & & (Jung

etal., 2006) ~ [ ik "3R4k w ¢ b AT R G405 (Yuetal, 2005; Kimetal.,
19
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2007b; Yuetal., 2010) fr:z i & cycloheximide 3% # memory consolidation i
w2 4 R 3L (Hsiehetal, 1998) o % @ idd =~ HBA & 5 B p & m 97
A F2 o Kam %42 Yu £ 4 4[* MCAO # %+ & A 24 miyiph 4
w0 FEw 30 24544 HBA H# Sw Rl 2 VA RERFTFE o AT 8
S MIpALL S HBA §d $r4| caspase-3 frif sz Bcl-2 £ 1 ® Fi PDI -
Nrf2 f= BDNF GDNF MBP 2 NGF %# %% A%+ E 2 k2 lw
e ¥tig VR4 frig i enip 2 (Kametal, 2011; Yuetal., 2010) - @ Tsai % +
(2011) % PC12 Mz emdka $055 ¢ > B % M k174 7 5 adenosine < %
ikt > 4 CAMP/PKA/CREB i = # = CcAMP response element-binding protein

(CREB) 4 I % frd|im®e % = chgd 4 o

B W R e 5

(=) *d BFFORALT ] & moe

<9 BF ﬂrjw‘i%t’fv—gﬁ;‘;,ﬁm *z = (rat adrenal medulla pheochromocytoma, PC12)
%_ Greene {r Tischler 7 =t & 1976 & = 7 F 7 1) iz k> P e 7 2 gAY
& (sympathetic neurons) F ik > 3% % HBAZF Sd A X & F]F  (nerve growth
factor, NGF) 7 #c % 3% % % 4 i PCI2 (naive PC12, nPC12) ¢himse & it i¥ %
RAM SR AL EA AL > AL MY R RS2 DREIRE
(catecholamine) #¢ ‘i@ E 4 5 (4o : 5 = = (DA) % & § ! Bﬁt% (NE)) z /] %
@ (vesicles) ~ ~ fa2f% 4 2 ApRE 3-d B OAT/4T A K R AR v pps -
(calcium/camodulin-dependent protein kinase 1) {-¥ %% it & (monoamine
oxidase) * - wmre it g 7 #EA B FEE (glucocorticoid) f- N-methyl-D-aspartate
(NMDA) ch B> Phas 2RISR I EA S did o ApPf2 2 o it
PC12 (differentiated PC12, dPC12) - %7 3 F nPC12 4r dPCl2 w2tk 'y ¥ i s
B A e e N 0 BT YA MY 4ol n Y i g

&4 % (Leiseretal., 2012) ~ Jom (Sirerol-Piquer et al., 2006) ~ I+ i F 2o
20
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(Hamaguchi et al., 2010) ~ ;5% & (Ghadge etal., 1997) ~ & # 7 (+k » 2010) % 4p
Mg Sy e
(=) %S EHE e Ry

< BRI E R A SR e A @ R TR SR S A SR R o
oo B SR E RIS A BF Leh- R (Griscellietal., 2000) o 4 %
% #+ % fwre % (Human oligodendroglioma, Hs683) 4t i & &4 (low-grade) *&
B B b A 76 KT A EEARI M A kG Aok S
(microvilli) 2 5 i (desomosomes)- B i A iZfls * >+ ¥ <hip b #7 1 - Songc
= Moon (2006) 4 FgA4 59 F R awT 3 ¢ 0@ R glial cell-derived neurotrophic
factor (GDNF) -#_% it mitogen-activated protein kinases (MAPKS) (# 3 : c-Jun
N-terminal protein kinase (JNK) ~ extracellular signal-regulated kinases (ERKs) 4=
p38 MAPK) i &g Hs683 #% i (migration) Hff &%)+ > 38 15 #3004 5%
B E & 7 f2 o Leucine-rich glioma inactivated (LGI) f= SLIT ZA %5 -
HEVARBRDEHAEFEN IO F N-RB > HE 5 X BH et Afps
% o LGl 4o SLIT AF 325+ R &Rl § %7 M %o 20330 F e ¢
e14 12 % I - Rossi & 4 (2005) f 7y ¢ U Bcfd R e pRE e A A
Hwmre p chd ARG A6 » IR FEAFhr i o B¢ > ¢ 45 Hs683 fp

g S ERY F 08 SLITL AFIAR -

=~ BEEH

McKinney = Bunney (1969) i 45 & # 7 2 RN AR SR N el
BRI - 2305 BRI S 45 L R Rk
(face validity) ~ = 4»< & (construct validity) f-igipl»</ (predictive validity) - %
BRI E IRM R fed B aIE D 5 M2 (RE) B E g H e R LN
- BEERRIF R RN A R o B B H R R iE DA

FdE RN AR ARR o £ G 2R A_Rfp o LE R E RUDHET A LR
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TR RY > R E OB T L ARG B E R AR kg o Ao
PBADBE S BR B PEE S RN R PR RRE LSS M
PR AT o B R K LB iR IE P TS > B ETE (RIS - £
2) TERREREG T REH AR T ORA > KEHRAT RGP LHK
R2LEHEAEGMEE T FTR AP LB R AR MRS 2 R BT
L SR TRIEE S . I A B A S il RRER o U U SRR S

w R A TRl A B Bt - B A Kk 7 5 S IR AEAR R 2 45 5 - Willner

(1988) 41* McKinney 4r Bunney 4]z shii i 4 £ L ~ fad b B R 5
He ok BEER p AT g (intracranial self-stimulation) ~ # 1+/& 4 (chronic
stress) ~ % ¥ & 25 (learned helplessness) £2 & & #p# 4 #i-7] 4 43¢ (the primate
separation model) £ § FE ¥ % H & Wik o Wik dopt o w2t BEE R K
FFEERYE - RN B RPN I T ABRRE AR S AT AgAY
Je4p # (Gronlietal., 2004) - p % » FERF RS F F %A 5 (75 8L
Zdp I T BN ¥ ARGV AT A A

(-) FamzHEst

1. 5328 54 F % (forced swimming test, FST)

5 18 PFiA Bk (FST) 4 Porsolt & 4 (1977) & 41> et #5502 X B g 5 if

PR Y W RGP L R RS R § R R RE S BREHL G
BE e E L AL S B AS P I AR YR G kR g

R RS G R ER A R kG R EE IR B g
BT ¥RgEY oPorsolt mp N FERBYES - FRT G REFESF LA
LK R AR PER A L G s E g i (Porsoltetal, 1979) -
W AT T R S € M S B (West, 1990) ~ i 2 A S4F

(Llorens-Martin et al., 2007) » F]#* » FST 2 P w1 & B G E B W Z Hred enT

2. k%R B i#% (tail suspension test, TST)
22
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E3tfe b ok (TST) &4 Steru & 4> 1985 #rig i) > pt iV B E® ¢

WpAT EHRNL Y RAERGEL RS RSB S RT R

m

AR FIMA IR G o PPIGE FST P A BTG a7 #4p
WY o
3. % #a&rs ;% (learned helplessness, LH)

¥ E et (LH) £.d4 Seligman fr Maier (1967) #7131} #5418 X f %
Wiz THLE > BHRAT UPRDTERRET > ERPULFIREEp #FiEH

FPERDEIMABR AT ERILI L R HFL I LEF ST

-

FRED A I B T GERFERERE S DiEY o
4. BB 4 E5% (chornic mild stress, CMS)

BB 4 E% (CMS) £.4 Katz (1981) #1484 » AtV THF X 843 &4
AR eRA o el Ba s B PIRES P REPEEJokk HFAR S T4
FF  SEYENTLERA BB 2 T &R g F A SRR SRR 4o
Wl 4 ~ARE i A fedE R 7 5 a0 2 TR E (Willner, 1997) - AR
S F 4] (reward system) AR 0 G 2 EHREK mv; 4+ (Pucilowski et al.,
1993; Gronlietal., 2005) - p 7 » CMS #u s 8- B#RF & AFERE RS 2 R 7
s o TR A R -

5. BuAr < Hpo/® 4 #5555 (chronic social defeat stress, CSDS)

Mo AE 2 fL PR 4 H08 (CSDS) # % #.d4 Kudryavtseva % 4 (1991) 2 =
x4 Berton f- Nestler (2006) 2 & o 31 & #4f A 5 FIS AL L peis P74 24 on
B4 HAFHALLH b BRI VIGE L6 F A S
3 CMS> HRA MRT AR § A SR RA > R PP FAIEAGEH

prarsldz et ¢ R4 ;%gri PHES R P A R R Az (Hollisetal, 2014) - =

B R ) RiFE 1/\)»—‘;]2 AT r ¥ - B E g AR RATA 2 #
+¢ 5‘5*5?’ 5 Méas il > WA T E ) R T ? 44 JRKEF S

(submissive behavior) » 4 @ #rF Z v (supine posture) ~ #g % e A e B S 1 5
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(escape) % i % 7 = (freezing behavior) (Kabbaj et al., 2001; Yu et al., 2011) - 5 %
B EPE ikl A e 24 ) R T B B R LATF
BELER o B GRAE L HPLIS § A 2 AL @ (social avoidance) 17 A Ak e
% (anhedonia) % #g 2 A #F & # & 3L % (Krishnan et al., 2007) -

6. .3k “T st (olfactory bulbectomy model)

v 3k 27 KT #E_ Marks % 4+ (1971) =¥ Lindley (1930) ¥ 3+ &lved 4 & &
EFFEY 2 FLARBBOPANE: o do A FHERR S F R T &
frig a et 7 5 o % (Kellyetal., 1997; Zueger et al., 2005) - Van Riezen % 4
(1976, 1977) # P H AT * 53T " BB 4 o 7)) > B A AR n
T H BW R EHSY (Wrenetal,, 1977) - = j# £+ Relzkr Fog 14 2zt
SRR o RIS OFT RHREZ 3 A 4N ~ RUFEd R - EMigih s g
R LAl (e BEIFER -FFfERE)-

(=) FFAp3 w7 5
1. v 4& £+ (reserpine reversal)

Reserpine (7 & % : Raudixin ~ Serpalan §= Serpasil) & - i Pilef-d E2F 7

(indole alkaloid) » 5 #p * ** 3 n & cify 4 foifd 4 RN 3 C B g Fri] Hoep

CHEP T AR SAPRIe 2T BRRA GAPE AP TG o £
PenE i TR N g ERAGN o F 0 NE~DAS-HT 428 F# sp R 4 -0
¥ A 1@4ci7 5 F & (Holzbauer, M., Vogt, M. 1956; Carlsson et al., 1957) -
2. B &% apomorphine sz

Apomorphine 5_- f& st & > J5d Tl 0 D1-D2 <42 - & % Fff
# % (Chemoreceptor trigger zone) » & “ % F ket ¥ 1RilAc Bt F i o A
apomorphine ¢ % D1 -~D2 < #3l4=tg ™ % (hyperthermia) ; 3 & &
apomorphine =" g 1% £d NE # 5 k5% o Flp » VA Fd L2 F 2T
i B ¥ % # »c (Lapin and Samsonova, 1968; Puech et al., 1981) -

3. ¥ % % #3572 (yohimbine potentiation model)
24
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Yohimbine &_- #& MAOI > £ 5 A1 22 2 £ &|# 5z - Yohimbines & o2 =%

Bephiad 0 2 NE AR o2 SHEEE > 128 NE $f wahd &

NE = & f#2z (Quinton, 1963) - Yohimbine ¥ = ap4<& # * % - paragyline
MAOIs % & fazren Tz ] | ehgadr @ 2 > ¢ 45 ¢ iprindole ~ mianserin -
nomifensine ~ buproprion ~ viloxazine f= zimelidine % ¥ * pF > &4 L 5

M ip 4 (Malick, 1981; Willner, 1984) -

25
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FFLRRRRER

AFERI R P AL T AN

- SR AR Fr i AR on 2 s

r29%KETED A%

1 41* HPLC A4 fpkEfanma A » & 220nm g & T hh 4558 % B -
iR #Aﬁ%}ﬁ_ﬁ{r%;ﬁga o

2. e FST & F R T RS S M < ki 57 5% Mgt ieggy g i@
Er ity kE L 5 b e

3. AR ey FHEFTHT A kErmnd ok LEEI AN Lo
24 22 & w2 ¢ 2 Slit-Robo # /% °

# B

BB AR R B R Rk ¥ R i et o

Ik

S FEHRHF R ALIRIL S BB KRB FE AR ES%
B IR

Lo B @y #F0 gw 2 frendpiha A > w L84 & 47 (thin layer
chromatography, TLC) ¢4 453 2 & F] 4 42 FlH 3 2L ; HPLC 2z A 473 2 7]

Hpdanind B RS SRR SRR A X A .
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Gastrodia elata BI.

I I I
() o) (o)

I ]

[ Anti-depressant effect ] [ Neuronal cytoskeletal remodeling ] [ Quantitation of GAS ]
I I I
EST model Hs683 cell line ] Developing a validated HPLC
method

[ SD male rat (4 weeks old) ]
I
[ ] CTL
cTL WGE GAS HBA
n=10 500 mg/kg bw 100 mg/kg bw 100 mg/kg bw
B n=10 n=10 n=10

GAS
WGE 50, 100,
500 mg/kg and 200
M
I . Water and
| I I [SI'CeS and powder} [ethanolic extracts]

[ Open field test (OFT) ] Cell viability Western blotting
|

l FST (pretest) (15 min) ]

i Different sources Different
| ] MTT assay 2::3 phrnotypes

FST (5 min)

[Behavior analysis] [ Neurotransr_nltters ] [ Western blotting ]
analysis

I
HPLC Frontal cortex
FST Hippocampus

Frontal cortex
Hippocampus Slitl
Striatum Slit2
Amygdala RhoA
CRAM2
PFN1

Processing Extraction
methods methods

21 days oral
administration

5-HT1AR
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B RmARa 3

-~ R &R

(=) 2RpiEs

L sd 267 FERY FHBEURTET ¥ 2 TRFT R RE AS

Kikde™ (B-) -

® 2 5 =i (Gastrodiaelata BI. f. elata in Yun-nan, GRY) : &/ § {4 ¢ %
P (7 FARPFED 17 REZP EHEY I H) PR

® I3 5 % (Gastrodiaelata BI. f. glauca S. Chow in Yun-nan, GBY) : Z 5 f-
Wooov B R

® ¥ = i (Gastrodiaelata B. f. elata in Hu-nan, GRH) : @& > ¢ B =+ &

® == bk (powder) forr & (slices) : Z @ FRid o ¢ R K R

ATk EY R ERUEF UL 0 FeF 0 4

C

Bl- 23 A 2253 B) -Paixf C)xxFkh*x (D) fr
Ny N ()

Figure 7. Gastrodia elata BI. f. elata in Yun-nan (A), Gastrodia elata Bl. f. glauca S.
Chow in Yun-nan (B), Gastrodia elata Bl. f. elata in Hu-nan (C), powder of
Gastrodia elata Bl. (D), and slices of Gastrodia elata Bl. (E)

(=) wmretk

4 %g oligodendroglioma cell line (Hs683) N0.60519 (i #c : 29) : pp & &1 %=

T ArA T REE 2 73 7w (Bioresource Collection and Research Center) #7+,
28
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10.

11.

12.

13.

14.

15.

16.

17.

18.

. gastrodin (GAS) (purity: 99%): % R B2+ F 8 28 v 2 B Efrt i
. acetic acid: Sigma, St. Louis, Missouri, U.S.A.

. acetonitrile (ACN): Biotic Chemical Co., Ltd., Taipei, Taiwan

40% acrylamide/Bis (29:1) solution: Bioman, Taipei, Taiwan

.- ammonium persulfate (APS): Bioman, Taipei, Taiwan

. antibiotics-antimycotics (AA) solution (100X, 100 units penicillin, 100ug

streptomycin and 0.25 pg amphotericin B per mL in saline): Caisson Laboratories,

Utah, U.S.A.

. ascorbic acid: Sigma, St. Louis, Missouri, U.S.A.
. bolvine serum albumin: Bio-Rad, Hercules, California, U.S.A.

. bradford protein assay: Bio-Rad, Hercules, California, U.S.A.

bromophenol blue (BPB): Bio-Rad, Hercules, California, U.S.A.

chaps: Bio-Rad, Hercules, California, U.S.A.

3,4-dihydroxyphenethylamine (DA): Sigma, St. Louis, Missouri, U.S.A.
dimethyl sulfoxide (DMSO): Sigma, St. Louis, Missouri, U.S.A.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT): Sigma, St.
Louis, Missouri, U.S.A.

dithiothreitol (DTT): Bioman, Taipei, Taiwan

dulbecco’s modified eagle’s medium (DMEM, high glucose, with L-glutamine,
pyridoxine hydrochloride, 110 mg/l sodium pyruvate): Sigma, St. Louis,
Missouri, U.S.A.

enhanced chemiluminescent HRP substrate (ECL): Merck Millipore, Darmstadt,
Germany

ethylenediamine tetraacetic acid (EDTA): Riedel-de Haen, Seelze, Germany
29
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

fetal bovine serum (FBS): Biological Industries, Israel

glycine: Bioman, Taipei, Taiwan

homovanillic acid (HVN): Sigma, St. Louis, Missouri, U.S.A.

hydrophobic immobilon-P poiy vinylidene fluoride (PVDF) transfer membrane
0.22 and 0.45 um ( 0.22 and 0.45 micron filter ) pore size: Merck Millipore,
Darmstadt, Germany

hydrogen chloride: J.T. Backer, Pennsylvania, U.S.A.

hydroxy chloride: Sigma, St. Louis, Missouri, U.S.A.

4- hydroxy-3-methoxybenzaldehyde (VAN): Sigma, St. Louis, Missouri, U.S.A.
4-hydroxybenzyl alcohol (HBA): Sigma, St. Louis, Missouri, U.S.A.
4-hydroxybenzyl aldehyde (HB): Sigma, St. Louis, Missouri, U.S.A.
5-hydroxyindoleacetic acid (5-HIAA): Sigma, St. Louis, Missouri, U.S.A.
5-hydroxytryptamine (5-HT): Sigma, St. Louis, Missouri, U.S.A.
iodoacetamide (IAA): Sigma, St. Louis, Missouri, U.S.A.

isoproterenol: Sigma, St. Louis, Missouri, U.S.A.

lower buffer 4X: Bioman, Taipei, Taiwan

methanol: Sigma, St. Louis, Missouri, U.S.A.

N, N, N’, N’-tetramethylethylenediamine (TEMED): Bio-Rad, Hercules,
California, U.S.A.

non-essential amino acids (NEAA) for MEM (100X): Caisson Laboratories, Utah,
U.S.A.

1-octanesulfonic acid, sodium salt (SOS): J.T.Backer Inc., Phyllipsburg, New
Jersey, U.S.A.

pargyline: Sigma, St. Louis, Missouri, U.S.A.

phenylmethanesulfonylfluoride (PMSF): Sigma, St. Louis, Missouri, U.S.A.

prestained protein molecular weight marker: Bioman, Taipei, Taiwan
30
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40. PRO-PREP™ protein extraction solution: Boca Scientific, Boca Raton, Florida,
U.S.A.

41. protein molecular weight marker: Fermentas, Glen Burnie, Maryland, U.S.A.

42. RIPA buffer: Sigma, St. Louis, Missouri, U.S.A.

43. sodium dihydrogen phosphate (NaH,PO,): Merck KGaA, Darmstadt, Germany

44. sodium dodecyl sulfate: Bio-Rad, Hercules, California, U.S.A.

45. sodium phosphate dibasic: (Na;HPO,4): Merck KGaA, Darmstadt, Germany

46. sypro® Ruby gel stain: Invitrogen, Carlsbad, California , U.S.A.

47. thiourea: Sigma, St. Louis, Missouri, U.S.A.

48. triethylamine (TEA): Tedia, Fairfield, Ohio, U.S.A.

49. tris (hydroxymethyl) aminomethane (Tris base): Bioman, Taipei, Taiwan

50. trypan blue: Biological Industries, Israel

51. trypsin: Caisson Laboratories, Utah, U.S.A.

52. Tween®20: Sigma, St. Louis, Missouri, U.S.A.

53. upper buffer 4X: Bioman, Taipei, Taiwan

54. urea: Bioman, Taipei, Taiwan

55. B-mercaptoethanol: Bio-Rad, Hercules, California, U.S.A.

() 2 FA~tre s

1. & A FHEE~ 47 % 2 1 Enzo Life Science Inc., New York, U.S.A. -

2. n S MakTA A g% &% ¥+ (brain-derived neurotrophic factor, BDNF) 4 47 %

it Merck Millipore, Darmstadt, Germany

(1) g

1. dihydropyrimidinase-related protein 2 (DPYSLZ2, also called CRMP2)
(GTX48742): Cell Signaling Technology, Inc. Danvers, Missouri, U.S.A.

2. glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (GTX100118): GeneTex,

Inc. Irvine, California, U.S.A.
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3. 5-HT1A receptor (ab85615): Abcam, Cambridge, Massachusetts, U.S.A.
4. profilinl (PFN1) (C56B8): Cell Signaling Technology, Inc. Danvers,
Massachusetts, U.S.A.
5. ras homologous member A (RhoA) (GTX101066): Cell Signaling Technology, Inc.
Danvers, Massachusetts, U.S.A.
6. secondary antibodies: Cell Signaling Technology, Inc. Danvers, Massachusetts,
U.S.A.
7. Slitl (GTX48742): GeneTex, Inc. Irvine, California, U.S.A.
8. Slit2 (GTX37763): GeneTex, Inc. Irvine, California, U.S.A.
() F KA
1. #uif %3/ : Fisher Scientific, U.K.
2. — a7 A % Hoefer, U.S.A.
3. &% & % : Hoefer, U.S.A.
4. |78 3w 48 (centrifuge): Hermle Z 300 k, Wehingen, Germany
5 R &< (centrifuge): CL2, Thermo Electron, Waltham, Massachusetts,
U.S.A.
6. B »xik 4p & 7 & Jasco HPLC system, Tokyo, Japan
7. B 2% 4p & 47 & L-7100 pump, Hitachi Co. Ltd., Tokyo, Japan
8. w84 1 ® (electrochemical detector, ECD): Antec, LLC, Boston,
Massachusetts, U.S.A.
9. ¥ ¢bk-v AL k4P| B (UV-VIS detector): UV-2075 Plus, Tokyo, Japan
10. ~ 47 ¥ 4= (analysis column) %]5%: phenomenex Luna C18 (250 mm x 4.6 mm,
5 um), Torrance, U.S.A.
11. ~ 45 ¢ 4= (analysis column) %]5L: SPOLAR C18 column, 4.6 x 250 mm, 5 pm,
Shiseido Co., Ltd, Tokyo, Japan

12. 745 5 %% (degasser): Jasco LC-Netll/ADC, Tokyo, Japan
32

d0i:10.6342/NTU201600646



13

14.

15.
16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

% &ﬁfﬁg?] 41k 5o (solvent delivery system): PU-2089 Plus, Tokyo, Japan
-2 ¥ 41 (guard column): Alltima C18 column, 7.5 x 4.6 mm, 5 pm, Grace Co,
Ltd, U.S.A.

p ¥+ 3 & B L-2200 autosamper, Hitachi Co. Ltd., Tokyo, Japan
2 % (shaker): 9D3XL, Hotech, Taipei, Taiwan
fi& &% P =3+ pH meter D21, Horiba, Kyoto, Japan

7% it % 1 (cryogenic refrigerator): LNC-35R, PanChum Scientific, Taipei,
Taiwan

A2 MR 4 5 (ultralow temperature freezer): NU-6382, NuAire, Plymouth,
Minnesota, U.S.A.

Se A P8 R stirrer1000, Jenway, Essex, U.K.

4 5 % = analytical balance AB104-S, MonoBloc, Greifensee, Switzerland
2k J o 1 % v (UVP biospectrum): AC system EC3 300, Corning, New
York, US.A

%4 3% % (cooler): EYELA Cool Ace CA-1110, Tokyo Rikakikai, Tokyo, Japan
24 A= T (ultrasonic liquid processor): S-4000, Misonix, Newtown,
Connecticut, U.S.A.

T #> %% ¢ : Pipet-aid100, Drummond Scientific, Broomall, Pennsylvania, U.S.A.
= 7 % (autoclave): TM-325, Tomin Medical Equipment, Taipei, Taiwan

# #)# 17 & (laminar flow): BSC-4, Chih Chin, Taipei, Taiwan

fm*2 32 % 48 (COzincubator): Forma 310, Thermo Scientific, Mariette, Ohio,
U.S.A.
4 35 -k 8% 4% Elix, Merck, Germeny

52 ;9 4p = £ & fcs (inverted phase-contrast microscope): CK40, Olympus,
Tokyo, Japan
Wil #3 (0.45 um nylon filters): Agela, Beijing, China
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32. & &3+ (light meter): LI-250A, LI-COR Biosciences Inc., Lincoln, Nebraska,

US.A.

SRR
(-) #FrP%
1 = Bk ¥4 (WGE)~ = 3 (GAS) o= frif = (HBA) 2 84 % s 4| £ &

iF

{945 Chen % 4 (2008) & WGE 2 }iB #4= b7 § £ 5 05 4o 1

gkgbw o ¢ » WGE # £ & 050g/kg F & o frcsk o Ft > b i
@ sk oriE 70 WGE £ 5 05g/kg> @ GAS 4 HBA 5 £ 4 % & WGE *
it 3.03% fr 0.17% > 14t s wde GAS v HBA 7% #HEB- i EHE » & &

LS S

P2}

FST ch7 Ad 3 sk %587 GAS fv HBA f b & & T &2 "% M X &
H25 0 55 & Lim & 4 (2007) - Jia & 4 (2014) ~ w44 GAS it (7 L%
WA CIRUELFEFEREFAY 22 % > GAS 2.4 ¥ 4] * F (bioavailability)
L0142% ¢ iy R FT £ GAS hd ST A r S ks R EREA
e Flpt o B A A GAS v HBA A7 % 2 6 > S 4» R k7 * v JRAE
# Fl 4~ 5 & 60 1] 400 mg/kg bw (An etal., 2003; Cai et al., 2008; Zhang et al.,
2014; Xie et al., 2007) 4= 25 F] 100 mg/kg bw (Yu et al., 2010; Lim et al., 2007) -
A E BT 6 0 Zhang ¥ 4 (2014) 3 F z_ &4 #5% (chronic
unpredictable stress, CUS) ™ 2 4k & < & 100 4= 200 mg/kg bw # R34 537
4 ok b ootk > WGE %+ Chen % 4 (2008) z & it #| & 0.59/kgbw:GAS %
4 Zhang ¥ 4 (2014) 2 5 »c#|E 100 mg/kgbw > @ HBA %% p w4 G 3
Arig g e g < # £ 100 mg/kg bw (Lim et al., 2007) » i&- # 12 FST &5
GAS 4r HBA % £ 7 B ¥ 2 2% o

2. By

DB PG UL PR w 8 SD A R fRE (l AT
34
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S AEAE A Le ksl idle (control, CTL) ® fr-k 34 2 (WGE)
AR e (GAS) B A A (HBA)» #1— & - 4 Ne£ 12 @ p
RFEREEBRE S (23% 2°C ~ 60+ 10% RH) e#4~ % » B~ 2 FST 4 %8
BESFHENY R EmeBdb 7 i R%R 2 B -

FAAED FER4E &S 21 = > CTL 2&sF 278 10ml 519%
e A g a2 (carboxymethyl cellulose, CMC)(10 mi/kg bw) ~ WGE ‘e 4k & & =
THE 05 wuhx frkE 4 (050kgbw) ~ GAS edk s & 274 E 100 % 5
71 GAS (100 mg/kg bw) s HBA x4 & & 2> 148 € 100 % s ¢ HBA (100 mg/kg

bw) o A ¥ %4k d WGE 2 # & 4B AF 5% L5 /7 2 %9737 (F » 2008) -

. S
r-:"‘s‘
S & &
RO
1% OFT 1 ilf j
-14 1 0 19 20 21 may)
Control group | | | |
Water administration
(1% CMC aqueous solution )
-14 -1 0 19 20 21 may
Treatment group | | | |
WGE, GAS, or HBA
administration

Bl B8 FARRFEFREF I Y RERGEF ST L FRL R
Figure 8. Schematic diagrams represent design for studying anti-depressive-like
activity of WGE by using FST animal model. OFT: Open field test; FST: forced
swimming test; CMC: carboxymethyl cellulose; WGE: Water extract of Gastrodia
elata Bl.; GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.

3. Bz B &% (open field test, OFT)

A ERE- T B E - FST %i—- 283 - = OFT #% > F% 32 4

F_L

4 McCarthy % A 2 2473 2 229 % %% & f 4 2 &4 (McCarthy et al., 1995;

Blizardetal., 1975) - ¥ 5k 4% 2 - B& 76 =& ~F 57 24 ~F% 35 242

i~
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R 2o AP LkBEA L 1.6+0. 1 umole st m? s AarsEE b 2 &
RESTE - (BB EBRR P EHEB AR Rp I ST T LT
Toas? - ] PF o RSB B B ORA fn? L T B 5 A4
FRieR B P r &4 > 70% o i R-4a 7 #4850 0 18 § 2 TopScanLite™
A 2.0 IR AT R A FE®FA e
4. 338 P54 % (forced swimming test, FST)
(1) FST ehi7 2 iz

%P Porsolt % 4 3t 1977 & 1k dien= 2 > Bx B2 r 8 /8 156 24 403
30 24P P (CkiE 20 24 B) 0 kiR MmFEH 25°C o @ 4 K& 2 RLfY
FI4§ R2nm spif icds o FST A X7 » 5 - %27 156 A 47i8% (pre-test)

FECRAAGEENE 024 ) PFEER 5 4%k (Porsoltetal., 1977)

¥R Bk AR 0 (8 51 ForcedSwimScan™ it 48 4 47 385k £ BLA B
A% o
(2) ¥ EE 2R G

% - X% FST fs%griei=- % x“kﬁ‘\/r&«fr is v 3 f« Rz o >

Ha o TGV R MR IR0 F fS R B N i 0 Padtik Glowinski = 2

(Glowinski and Iversen, 1966) »%au {8 "t i) 213 eni= B T 5 o Lo B HE
A (cortex) ~ ¥k %8 (striatum) ~ /& 8 i (hippocampus) £ % i=+% (amygdala)
Fw kA (B4) > orFukl § 530 -80°C /iRty s V- S e 0 % RETE

BEric o P REEEATET L EFRE A 4°C T 2750 xg e

~c

20 ~ 48 > P~H FFie o~ %30 2mlenppendorf o & 2t -80°C ik fh iR
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B4 ~ Pl s 2318 2380 (A) 2% ~(B) ~ %™ 7 =% - (C) "ol & 3w
(1) e (2) B SQ) (W) AT (@-0G) AFD) fr (6) &5
g
Figure 9. Photographs of the section of the brain (A) whole brain; (B) the cutting side
of cerebrum; (C) section parts: (1) amygdala, (2) striatum, (3) spinal cord, (4) cortex
(@), (5) cortex (b), and (6) hippocampus.
5. 75 A7l

OFT #1# * ¢hfickd 5 TopScanLite™ %<4 2.0 #-+ & &% 447 &8 hf’
PE MR TIHECTAEARING AL (A) P L RS (center) ¥ (B) “EE
% (periphery) > *tFHEB L A e BEP L HZB PR FORb &L EHT
A% 5 0=t #ic (bouts) ~ # & PR (duration) ~ # & jE3E (distance) % # #5:¢ B
(velocity) % 4 47 H &8 535 o

FST#ri¢ * cnfic48 5= ForcedSwimScan™ kA& 2.0 #-* BA#FF 5 ~ >

WRKATE S RIS kG B R o B g Rl Blu sk T

I%

B BUAARY gEds o o DL (struggling 2 climbing) ~ 254 (swimming) £
# s (immobility) ® % & 75 - # ¢ > Bk (diving) FFagaeiid 75 0 2p
FEAET e (pass diving) FFAEST A A (T 5 o AT T E REom AT W om ek

o E R AR PRIV ARE A+ RARR W o
37
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r‘
. . 57 ecm
L 1~

76 cm

6. "GN H vedg i 2 Rl
(1) "ole k2 %P~
e N4 Cheng % 4% (1993) ¢h 2 > (s o F Aplly 107

M ascorbic acid ~ 1.5 mg/100 ml pargyline ~ 50 pg/ul isoproterenol 2. 0.1 N HCI =
Tieact 4°C k4% B % o Bk B de » Aml 38R 18 drkis T 0 ke sk
BT > % A 4°C T 1 9000 xg A 20 A 4m 0 Bl b oFR 0
-80°C » A 45 £ 2 0.45 um nylon g
(2) H =gt B2 4R

b iRt M HPLC-ECD A{sH »eifsr e A2 52 7 £ (M >
2008) -
(i) & -5+ % (Antec, LCC, Boston, Massachusetts, U.S.A.) 1 | if i 4o @
Range: 10 nA
Filter: 1 Hz
AppE cell: 0.511 VvV
(i) A7k 2 A 470 240
% »k 4p & 47 & ¢ L-7100 pump, Hitachi Co. Ltd., Tokyo, Japan
p ¥ 1 & E 0 L-2200 autosamper, Hitachi Co. Ltd., Tokyo, Japan
% 37 fic 48 PeakABC (Great Tide Instrument Co., Ltd., Taipei, Taiwan)

A 178 L 1 SPOLAR C18 column, 4.6 x 250 mm, 5 pm (Shiseido Co., Ltd, Tokyo,
38
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Japan)
3 g 4 ¢ Alltima C18 column, 7.5 x 4.6 mm, 5 um (Grace Co, Ltd, U.S.A.)
#Hooqp 0 &= - o2 % 2059 NaH,PO, ~ 185 mg EDTA (ethylenediamine tetraacetic
acid) ~ 130 mg 1-octanesulfonic acid, sodium salt (SOS) 149.1 mg KCI %
200 ml methanol » 2 gipcd 2 pH 3.11
ik 0 0.5 ml/min
458 &1 35°C

Ay EER 135 A4

7. ua > g ERE (Western blotting) £33 % ok E 42 H 3 & M4+ &

#% Slit-Robo B /= 4p B 24 37 3o 2 B2 58
(1) k9 FErazd

% F-o FE B (lysisbuffer) =& 10 ml 4c » - 3 PMSF {= 30 mg

DTT:>#® %3 1mMPMSF & 65mMDTT o #-mfif | ¢ ¢ ﬁﬂ’«‘%}.ﬁé_&fj%kﬂ:é:)\pﬁ
TRREF ERESE X 4o Imllysisbuffer 53 > R sph kx>
A lysisbuffer @ o5 Bz 4 4°C T RS A e B RAELR 2 A48 (B0W;
£ 30 fyikfs 10 F5) 0 ke 4°C kAR 1L REGL g & (4°C
17500 xg ~ 2 -] BF) > Br b R AR LB DLEIE AR G A Py 0 A F Rt -80
C k4 o 39 B 3 P {5 2 Bradford proteinassay = & > £#-% & & ¢ &8
ferAgBORARE 5 B o £ 1 B (Whatman) g is & o HRE &
& %9 (bovine serum albumin, BSA) » & el = 0~50~100~200+250 % 400
pg/ml * R EAR S R A 96 U P RS ERE RS r [0ulo F &4 r 10
ul 2 &3 k% 2005 & ff#2 Braford reagent - ¥ ii= £4F » 2 ELISA
reader 3 B~ (L £ 595nm) o Mk ek E i M B E MY E Fw FIER -
(2) F=v F LA A7 (SDS-PAGE electrophoresis)

’f']q* L -z E_‘\E"ﬁ& 'E’f\ﬁ T%ﬁg'_,_hr/f{"/{ T X r‘ﬂ,ﬁ ALt 7 Bev ’Fﬁ’g: A
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(sodium dodecylsulfate polyacrylamide gel electrophoresis, SDS-PAGE) - fic &l 2_ %
et 7Ta ko PR Gz 5% acrylamide o stacking gel »+ T & running gel
acrylamide +* G5 F-v F A4+ & <] A i B (Slitl {- Slit2:10% acrylamide »
CRMP2 ~ Rho A {r 5-HT1A : 12% acrylamide ~ PFN1 : 15% acrylamide ) fe %=
SIS MARE AT AHP o Ao B T A BR (running buffer - 7 25 mM
Tris-base pH 8.3 ~ 0.2 M glycine f= 0.15% SDS) o B~z & Jk & chd-v F 4 » if £
16 2k & 1 SDS loading buffer (1% SDS~5% B-mercaptoethanol~20% glycerol ~
0.1% bromophenol blue 4= 50 mM Tris-HCI (pH 6.8)) » ** 95°C jzix B ™ 4c 4t 10

AEBISAIPT R 0 KR R0 2RSS EHRR G T (protein marker,

&

GeneMark) iz R~ ' BB &EE Y o2 80V HETE - F SDS loading
buffer ¢ stacking gel i& > runninggel & > %3 BA K S 100V & 3| SDS
loading buffer & 3| ¥} %8 & 3% {s iz b -

(3) #& & (transfer) g2 &3 "ire %t~ & (blocking)

AT RE I FLTABAR =~ | 7 PVDF % (Slitl - Slit2 ~ CRMP2 {r
5-HT1A & * 0.45 um PVDF % ; RhoA 4= PEN1 & * 0.22 pm PVDF %) v
BRI Xl HR I 0 1 §EE e B4 PVDF %02 100% T fRiEie 5 A4 2
i TARI R T pRAE S B (SR B PR Y R AR .

B FRAR AR 23 stackinggel > B H £ k3 - B4R
gefs 2 TBST (7 25 mM Tris-HCI, pH 7.5 ~ 150 mM sodium chloride §= 0.05%
Tween® 20) % 3 = (B 5A44)c FHZP a4 2 d A§ T > & dpE
Fsiadfh # ~ i~ PVDF 30~ g foidff 7 o SRy LR EE A F I8 oh
mY et A ism o transfertank » 2. ¢ % 2 0 F g A B[P fHRE I HR o Y
450 mA 3 18 /) PF o gF = 12 TBST 3% PVDF % 3=t (&+ =t 5 4 43) >
BF G SN TBST 308 THE 2 L EESY% 0 £ TBST #
#% PVDF % 3= (#= 5 &~ 4)-

(4) 'Jfr‘“i’-\:'r' &
40
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P ARF0 Fens 3 #8907 PVDF 568 4e » - B dmdl (primary antibody)

b A°C k47 #Hk D 0 6 o] PRS- BgrRey (- BFURE AR T A ATE 3
%) o 2 {5 ¥ sfRARE £ 18 5 PVDF 80 TBST 4% 5 248 3 &0 d % 7

- Rl £ 4~ 2 4Rkl (secondary antibody) 0k 1 o] PEIS - A dRAl e
(= sph S EAFR T 2 ) e #et B Z spuleh PVDF w0 TBST 4
# 5 A4 3 ATV RGEREI ERY o
(5) %4

MEF TR * chBgd 2 2 5 enhanced chemiluminescence (ECL) » 41 # 3 it
B R S P TS R T 0 52 UVP A B4Rk s (UVP
AutoChemi™ system) PeAp » ¥ 73 5 TIF #% > #1512 ImageJ (NIH) » 47 =& -
(6) Furg i (stripping)

#- Stripping buffer (glycine: 0.9 g ~ NaCl: 11.688 g ~ SDS: 10 g ~ 2 &+ -k 4F
T 1L @* %02 1:1000 st G4 ~ B-mercaptoethanol 4 » % b & 3k L)
P o - AR B B2 I egE i 8T M R leh PVDF i 12 TBST #%
P b a4 3 BTV EREFIEERMELF
8. i A T FIfE e iR

LpEfRs T ZREHESR > 0 & 2 e Corticosterone ELISAKit & {7
w A FERRER AT 3T 405 nm L & T B kg 0 I AR B M E
AT EBER -
9. & iF e kTA A g% & F]F (brain-derived neurotrophic factor, BDNF) # iR

&g fRs oA e % > 03 & % 2 ChemikineTM BDNF sandwich ELISA
kit £ BDNF JE& A 47 > > 450 nm A& T F Bk iE » 10 4% 8% s3>
¥ BDNF kA -
10. 9~ B s nke B 2 )

#- % FST @' fiz § MAUFR G § TSP 2% ¥ - 3 5 B

EUMLRN 2 B B R s TR MR B R R 0 B HOFR TR R 2
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%‘ —ﬁ 10% en¥ Mﬁﬁ% ’H‘ (formallne) %ﬁﬁit‘ s gilrg-;ma[-g,’_gu %ﬁ‘?ﬁiﬁil‘ﬁ

R
\vmtﬂ

W EEEPLII LA A R RFAEE B AP B E - FAIRL LAY B
4 %ﬁkfﬁ% DEF T AR R s me s YT R EF AN 2
¢ (hematoxylin and eosin stain, HE stain) J532% ¢ > i 12 Shackelford % *
(2002) 2 5 TL3m 5 AR 4 00 25k S k2 IR > ok 2 90 E o

2 R R
Table 3. Pathological nomenclatures.

Observation fate:

Gross finding:

No abnormalities (NA)

Left (L); Right (R)

Bilateral (B)

Grade 1 (+1): Minimal (0-10%)
Grade 2 (+2): Mild (11-20%)
Grade 3 (+3): Moderate ( 21- 40%)
Grade 4 (+4): Marked (41-100%)

Histopathological nomenclatures:

No significant lesions (NSL)

Distribution: Focal, Multifocal, Local Extensive, and Diffuse

Degree®: Minimal, Slight, Moderate, Moderate/Severe, and Severe/High
Duration: Acute, Subacute, and Chronic

Exudate: Serous, Fibrinous, and Purulent

Modification: Degeneration and Necrosis

®Degree of lesions was graded from zero to five depending on severity: 0 = Not
present; 1 = minimal (< 1%); 2 = slight (1-25%); 3 = moderate (26-50%); 4 =
moderate/severe (51-75%); 5 = severe/high (76-100%).

(=) mref %

1. Hs683 % 2 % 15 i

#- Hs683 # % *t ¢ 10 ml complete DMEM (DMEM:88%-* 2 i i :10% -
Fit % 110~ 2w i vegh e 0 1%) 2 10-cm 24w ¢ 0 B3t 3 5% COp - 37°C
2 mRE R AT A X {H- BER o

2. mPz R
42
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Mg dmre 2 Ak FAUREF H B W B 37°C Rig R E R o
% >fRf 2 B3 24 9mlcomplete DMEM 7 10-cm # % # > # 3
FRRNCIERE S -E SN A i S N Y
3. mre s

+ Hs683 w4 Edz 4w & ;f—;:i/\/,,\;‘m%cw,érti—g%iﬁ » 12 5mlPBS i

2 2

B o 4o Imltrypsin @ i3 4cm gt d > T A e ¥ 37C 8

R

H4¢ b A dEoNEis4e 0 Eml B &% trypsin 2 (B ¥ -wmieiag 4 o
Beps AR Yo 11 37T xg e 5 A HEE R 0 4 3ml AT

ARG BRI meeRE B Iml mreiser 7 Oml 3 ARz ndndng

#- Hs683 1 ik e ‘\ v]{% w11 377 xg .“»E’,H.m 5 A48t mie Tk i 2
K%- 7 FroherTEL 2R R (7 5% DMSO) i mweis3 Rix BHEB I L0
PE Y EARE Rk £ BO°C kT 24 P IS 0 R ML L e

} o

o

ER I TR
5. mie 2tk
M-l e e 22 trypan blue stain (0.4%) *#FHHF > 23R ELBRHH L~ w3
VEEY o E NP ERESRR Y e B TR B R 2w RIS
MRS > P O8N G o A e w4 x 2x 107 (B - 2 HoaRy
5 0lemx01cemx0.0lcm=10"cm®) 3+ ¥ @ F2 Bi@ T i & F 2wz g v

45 2 moe e -

L
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6. ok E 42 HA BFEE S LY Hs683 mbe 378 52 B
(1) mm

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) = ¥ /%
ok F it EF o AFwE Y FuSd R P 2 JLIapi R & fF (Succinate
dehydrogenase) it » #qcie » et exgang 3 @ B R 2 F B0 kehg s (MTT
formazen)- 12 DMSO i3 f#t R EH I od *t v imie ¥ gyt & i Fl2t MTT
formazen 2 = & 2178 e ficp A oo
(QMTT pefl =iz

EL T fEB 0250 o MTT # k0 %~ ¢ 1 4iAA S 50ml 4
12 50ml @ @ F PBS i3 iR 0 A FHR TSR 1Y 0.22 pm R 0
A AC kfr o R BB ARFRLEGIT o
(3) #me 2 # 5 AJIE

#- Hs683 1 10° cell/mL #>+ 96 34 (200 ul/well) # 5 -] & fw %z Bl 14

i well 2 200 ul PBS - =t » A 54 » 200 pliwell 3 % Fr3 (GAS) (0 ~
50 ~ 100 ~ 200 ~ 400 ~ 800 {= 1000 M) f== fr3 = (HBA) (0 ~ 50 ~ 100 ~ 200 -
400 ~ 800 fr 1000 uM) 2 32 & ke A W] A3t % f3s % 24 Jo 48 | pF o
(4) B¢ ~ b d 2 B 5% 2

s ® 24 fv 48 [ FEiSE £ iR o 4o~ 300 pliwell F 0.5 mg/mL MTT
TRAREVRAEED 3L HFHER A RI A~ 300 pl/well DMSO
Fok$EE 10 A4 A KRB IFE AL 570nm 2k E o 1 DMSO sk
it % blank & > —Jf\;?]: e FRR S e B L e e rEE (%) 1
Al et 2t B N deT
Wi 3R (%) = (AT vk ok (] ek ki )x 100%
7. @ > R B (Western blotting) 4834 % ok 54 2 H 4 &R A

Hs683 ‘m®z 2. Slit-Robo iz ® Slitl F-v %2 B ¥

(1) fimee 2 # 5 AU
44
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- Hs683 12 10° cell/ml #3439 ml complete DMEM ¢ 10-cm 32 %
¢S R RS 0 A W0 SmIPBS s 0 A 10ml R ok 5
(WGE) (0.5 mg/ml)~ GAS (50~100 4= 200 uM) f= HBA (50~100 4= 200 pM) 2
BER > AU AERERERS 24 o
(2) B0 FEP~ T EEHFF

Hs683 £ WGE (0.5 mg/ml) ~ GAS (50 ~ 100 = 200 uM) = HBA (50 ~ 100
o 200 M) A 533 % 24 ) PEISRER R 0 2 BMIPBS ik 2 b4 » 1
mltrypsin > B~ wm* 2 2§42 & 5 £ 488> £ 4 » 5mIDMEM 4 4im?e (&
Eo15miges g o 377 xg #w 5 A4 g i o #F e 1mIPBS
#-mre 45 2 1.5 mlenpendorf 12 8250 xg &< 30 #i# -t Gk o Bois e x
100 pl protein extraction buffer (7 1 4%_PhosStop/10 ml) £ ‘m?e 2 F 1 ~ 48R
L3953 > B -20°C k45K M- o] P & 4°C T2 11250 xg o 5 A4
fc# + Fk 2 15mlenpendorf * 753t -80°C /kfa i * o L& G WAL
v (bovine serum albumin, BSA) i 5 % 5> fe® 0~ 50100~ 200 ~ 250 2
400 pg/ml re QLTI S Hethe &G FAFR 30 B 0 A BP- 10l & A e
3096 3¢ o AT FAF o 2 fi4 10l 3 HF ke 20005 R AR
Braford reagent :& {7 ¥ J& » 2 ELISAreader 3f B~ (& 595 nm) o #-k &%k i@
BRI AP 8 30 FER - R 8% M3 IR R EE RS
- Ew FEBRALER S 1.67 ug/ul (25 ug/15ul) (¢ 7 6X SDS loading
buffer (1% SDS ; 5% B-mercaptoethanol ; 20% glycerol ; 0.1% bromophenol blue ;
50 mM Tris-HCI pH 6.8)) » % + [ B 4 12325 48>0 95°C 4c#t 10 A 4b > % 0
-20°C kG 2 ELAAGP AITRE S U Y kR A E o
(3) Fv =A% +7 (SDS-PAGE electrophoresis)

FI* Lo ARG RGP FERRR T A AR T R TR ATl
z. R As F T koo PR RPE 7 5% acrylamide ¢ stackinggel © T & 5 7 10%

acrylamide 7 running gel - § Sk T/ ALY B F %K - K o
45
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(4) #F (transfer) ~ F = & F R Z B d

FEHRIAARGT BB D KA o
(2) & HE &
L 222 kiEbrid PP bfims Mirigtt
(1) ki85

BARE X e 7 (slices) Ry AR KR E AW ATE D DR B F R TR B
(Mt » 2008) » B~ Vi B 4o sslices &2 4 g3 -k 107 (W) vt G»h iR
TRAFER L PFEOBNEEREE AT EI Sk 105 (W) at
AR T R B B0 A48 0 B XF BRI LS4 T 2R 0 5 045 um
nylon #ciEigis & 72 fdck > B 00k 4" & F o BT X kiR
* A 5000 ppm 93 % o A 47w 4 0.45 um nylon M5 g e
(2) = FrH k& Rl

Wip s 2 %% HPLC-UV & 45X k5 ¢ A frfeng £ o

(1) % #bsk-7 L kR E (UV-2075 Plus, Tokyo, Japan) ff ip|if it 4o -
g ek & © 220 nm
(i) A 1735 & 2 A 475 2 4o
% »ik 4P K 47 & © Jasco HPLC system, Tokyo, Japan

A F %% 1 Jasco LC-Netll/ADC, Tokyo, Japan

._p

s 4k su t PU-2089 Plus, Tokyo, Japan

% 7 #5048 © Chrompass (version 1.7.403.1, Jasco)

4 45 ¢ 1L : phenomenex Luna C18 (250 mm x 4.6 mm, 5 um), Torrance, U.S.A.
#EAp 0 %% Liu &4 (2002) 2z A 5iE i T4 i34 > B4R A B G 0.2%
Bife-kAa R (AR) 2 100% 2 % (ACN) (B &) & {74 &+ (gradient elution)

B FT e

46
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Time (min) A (water, 0.2%H,PO,) B (ACN)

0 95 5
7 95 5
15 80 20
20 75 25
25 5 95
28 5 95
30 95 5
35 95 5

ikt 1 ml/min

WiHE R 1 35°C

AR 35 A dE

2. & 477 ;# ;% (method validation)

i Ig B R %5 %2 R.45.4c ¢ (International Conference on Harmonization, ICH)
2 3551 ICHQ2A 2 Q2B (International Conference on Harmonisation, 1995; 1997)
BHEAAGTINE S Fiemk S F 2 g (F2ARTIRR » 2012) » & (7 & A 45
DEEErC et B BERE A NG AT E AR H A Ly 5 w2
HLEAAFTFEZ ARG EE - BEE CHRE CBRMKRPIER AN Rk
BB - RP2ERBE R EZAF I ZL AT P B G & s wE
AL EZ AT E A WL R R es S (F2 A0 0 1999) o Flpt o
AR BRFEITATIE P Ao
(1) & - 1 (specificity)

PAnhEl ¥R RY GART AR - RUBELLF ALITET
PIAE PG R e 4547 2 00 4 o (52 3 43 Fry (GAS) ~ = frH ~ (HBA) ~ #
¥ @ (HB) fod 7 (VAN) 2158 5% 238 £ (572~ HPLC» 345 & 1
BEFEEE TP E RSB RE A FHHRESA R X RITEDFTHE
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(2) & B * 4 (system suitability)

GG RGN RERE T IRE AR AL kSRR
A — Rk e AIT %I A B (resolution, R) &k S E4F 2 L x A
172 AP ¥R X (relative standard derivation, RSD) o H s = 4 #f = FrH & 7%
2 sz fRARE S ROLS ip¥ERE Z 2 £ RS RSD=2% -

(3) # 1+ (linearity)

M RS g kR SR B RRA BRI 2 X kLS
F7 ¢ 3000 pg/ml 2. 20% ~ 60% ~ 100% ~ 140% 4= 180% (k& ~ % 5 1030~
5070 4= 90 pg/ml); &yt FRIP HE SRR S A4TE G FL B S G 2 HERNE
BE 40 & FLE O % 4 % tadc (coefficinet of determination) R?=0.995 -

(4) ®r R (accuracy)

A R R ALY KA RATHRBID R PEE — O30 EEA— O30
2 ¥R ER IRITARA o 182 5 7 bete SRT R B IR EIRE TR Bk 0 # L AR
A p R R E— A5k R 2. 60%100% Fr 140% > #7 {8 & % v R 22 m
e fF= 2 FEvRR R R w oS AL A T 2 2 A
w2 & FR AR R 43 95.0%~105.0% -

(5) # ® & (precision)

HMRpk-2FH&E E0F R UFET ED G- (7 KRPIERF2 &
TR - FEFERREZTR &I LA (repeatability) ~ ¥ B4 2 & (intermediate
precision) % i 3+ (reproducibility) » &< B HEHFHF o H 2 H40T
(i) L4t

EAHMGUE - REEZYR - PR EREK T ZOTELEE S TR o
(i) * FHBDR

PREHBEALTRIMNEBRR BANF- FRERATEKRER T E O

LIRS AP AR AR EE o TERES TR o
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(iii) £ M

PRMALFTHRZIFHERRE BN I RRHRIRFTIRERT F 782225
ARG ARHRMFRLFTFE S ZEY LAY PR AR - RSD & RiRE
A u i =10% fr 14% (&4 48 f13% > 2012) -

(6) # M (range)

AR A1k R 2 20%~180% 45 B R 0 R R s s B A
HRRPER S RTRE -

(7) B ™Rl R (limit of detection) % & M % & Jk & (limit of quantification)

fefl—& 47 ER 57 2 9ugml 2 % FrH &R R 2 » HPLC &4
Wz w R L (o) #AF (S) 5 AHA » 2N H ILOD=330/S |
LOQ=100/S -

(8) % |+ (robustness)

TR AN P E RS M 2 R e B A 4 A AR ET
PRERPE T KRR ENG LB LT AN R T W RT
7z R At ik ERARI NN =0 s g = -

A& D xlnm
ik 1 £0.03 ml/min
30 A Friv 1A HBFCREE X A F R BE
#-io X s % (powder) o7 & (slices) &g (2008) gk FBS iR

FEPodT e 2 S ok 1T (W) et Gt R T e GR R B 1] BEES

B
It
o

FPR iR e b RS g kYA RT L P 50 A4 A Y

w

{883 38 & 045 umnylon MoE g is & (74 F i 0 B

-

Bz bR
FCEAT B o X Pk F b dck A3 g3 kw2l 5000 ppm £ i o
" HPLC &7 X FpH 2 A frf ~7 £ 4147
4. FPRAHEI R Blres R RE

FOREFPF4on it o f o EB I kLY BL SR a4 F
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fe L3 4F (2 ARTIF8 0 2013) 0 % e 8 ¢ 70% 2 fR2 1125 (W) et )t
Aok T R E B 1oL PR AP E 2R 6T 045 umonylon T g {4 38
I ST IR T SR SRR S - R SR SR O Ty o WAL IRE

kKfez 3% e end grFokwid o TERE S 5000 ppm 3 R E TR R £ X

itt

i R
5. AfRMLALHHKERIAfr? EEAL FELPY

GRYGRH {r GBY 3 A5 % chiz'k X fra. > & % % £ %/ % (2010)
G ME ERSREY R SSRGS EONIRBY B c A RHE AR
BT S e I Ok FBE A
(z) 33247

DR T2 Sy 0 MY SASO2 LM E A L %8
#4245 (analysis of variance » f§ 2 ANOVA). -t~ {7 & 445> & fit & Duncan’s

L

test i {7 43+ 5 B vRAEA 47  SIi-RODO B e & = % Bhik A 47 ~ ' % 8 &

% fie £ Dunnett's multiple comparison test it 7 5u3t; 2 e i3 B 5 P % Fed = Fr
FERMZEES G 0 Student’sttest i 7 R FrA K B RBHE FrY 2
B %1 > 12 Duncan’stest {753t » N EBRA NI RESRT LT EIEERL

]
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L-F%%E%
- Ak ER 2 EARBER S S HFRER S L LB
(-) Bk

SEHLBFRPTE AR G RERMES S 0 R RAERY T 2

N

Bl e R

K- 4ESZ2HME 6 o d BLenShlgr 2 o FoakE LR o
(=) By 5
1.F % % s (OFT)

Pre-FST # — % ig{7 OFT &% » #3448 * 8% -k ¥4 (WGE) 2 # 2
M s EE ERBE L o SR ALl TopScanLite™ & {7 447 » &5 ¢
g f AT R R A ¢ & R (center) £2 ¢ E 32 (periphery)s ‘F B R B £
A B L REBANRE G M OER esrE T AR ARt B (bout) ~ A5 B0 BESE
(distance) % #5 #+:& & (velocity) BRf2 /e i) o d 2w S5 kT > L ed (T
SERRTAENF NI R  BFTHKI AR WGE 2 B e~ HE T AR E
E R
2.5 38 PrAcEsk (FST)

BB N TR N P L R BUALTE 2 PR o kE ok
B (7 5 P8R AG % 1 ForcedSwimScan™ fii#fiE (7247 o M F B T 5 4 B K
fe (climbing) ~ 3 4¢ (struggling) ~ &k (diving) 2 7254 (swimming) ; £ 7 F#
(7% A& & * /e (immobility) £ 2tp g+ i (pass diving) - Porsolt % 4 35 !
B FST e R @ H Y Hbode 2 758 (7 5 Z3F R 17 5 cndg iR (Porsoltetal,
1977) « Flp+ > FFd Bop R A E PR 4T ks 1 BUF R R 2 L AR o o
M- - %%87 0 43 WGE 2 Higl 44 2 g (GAS) o= fri =~ (HBA)
(6 kR A" FST ¢ 2 Ad (75 o gt b > WGE ~ GAS fr HBA ®z < BA

BT G EERS (RL-) L3 PP Re ke Erampm (NLz2)-

SRR ES R RGELS S HTE W B G e S R S 2
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27 5% AR 21 % ok FH (WGE) #8543 4 < fr i (GAS)
fex frH~ (HBA) S8 < %m B% (RRHHEA TR ERfrs 5) o
5-HT = H 34 ¥ 5-2g 851 & fypt (5-hydroxyindoleacetic acid, 5-HIAA) ik
B AIfEA ikl % s 0 A5 R4 WGE i GAS .

B-HT ARG HFH#E > LT tbdduaisln tdglos 5-HT kR X

o

# CTL 23 o & 5-HIAA o478 % 51 » GAS ‘e 5-HIAA kB ki
PEEF A bwd Lw 5-HIAA kR~ BEF v CTLEF » 57 F 20t iR
L d 5-HT »tgY enii g e & > 12 5-HIAA/G-HT W & F > @t e - B %
k257 > WGE ~ GAS v HBA ‘e %3 § % el B F hg F 30 CTL 2 o 8-
#Hord S R BLE L kTS B i 5-HIAAS-HT 315§ % & 5-HT1A
receptor #4773 B > S % 4oBl L T A7 > 54 d WGE ~ GAS - HBA {5+ &
F¥A A5 P 5-HT1Areceptor 2z 3-v £ I %% o d L B %42 WGE ~ GAS
i HBA ¥ itig 5-HT1Areceptor 4~ ;& 5-HT k% i<7g@ R Bpg 3 5 o

#2 5Agr B % DA 2 H RS2 F - S ¥ e i
(3,4-Dihydroxyphenylacetic acid, DOPAC) =% % % & (homovanillic acid, HVA)
hz EHM 0 b DA S5 % 8T WGE PEHFRBEEALYT ~ ok #ic2
Fren DA ¢ kR > GAS fr HBA s BB ¥R FFEAL Tirs 2
ER o it#Ad s DOPAC 4o HVA 27 %87 > LAJL eV HF®RF 45
¢ HVA fec48¢ DOPAC k& o pt #t » GAS v HBA 4 %[k ¥ '3
JFEA T DOPAC fr#k % 2 i=ticn HVA kR © 57 3 it da 2 i DA
¥ i SHE e % > 2 (DOPAC+HHVA)/DA v 8§ BT Bl = o Al Yo fe gt
7%kt o WGE -~ GAS fr HBA i EA T ~ 3 5 {rd P2 S 3
HFEFM CTL 2o 4 5w cn2 %81 > WGE "8 X DA 3% ahitg & &

DBATE A F i R 4T 0 WGE fr GAS " 15 DA 35 iif i HBA
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SOABRESE H DR ENA S $ETE Y+ 860 Slit-Robo BT M B

MWp LD AFHREFAL F 5 2 kE 57 a0 258 Slit-Robo #7858 +

A PRk (1R 2012) o Flpt < BERE AL TR B st
O R RZERESBRSTHERESRY F Slitl ~ Slit2 - CRMP2 ~ RhoA %2 PFN1 -

RE A% ko7 0 & st Slitl ~ Slit2 ~ CRMP2 ~ RhoA 2 PEN1 2 % 3R
AN P2 AR (B Aeied Bl-- B aSuah i kT Xk
4 (WGE) = B3 (GAS) fr= frif ~ (HBA) ¥ 1A % i § #7413 & 7=
Slitl f= RhoA z_ £ & » ¥ W 5 & A 47 F]+ CRMP2 - PFN1 2z 3-v 2R & -
d it % A7 > WGE ~ GAS 4 HBA v 3 47 Slit-Robo Bai=tp b $-v 3%

s X R E R H O BEM S A4 Hs683 iz 2 Slit-Robo Beii¢ Slitl 3
SIEE R
(-) 2Rk 2 23 BiEMH S A4 H683 5% F 2 B

B OFE B ok F 4 (WGE) s * Fr ¥ (GAS) {w= FrH ~ (HBA) L%
E4E3 3 Slit-Robo B /Stp b 39 A feitend R > AT A R Hs683 e
G aEiRT o w2 WGE ~ GAS fr HBA = itk it Fx R % - 1458 %
24 2 48 | pFiseniE % oML ~ B 0 GAS v HBA &I # R4 & & 50 3
400 pM 4= 50 F| 800 pM 357 ¢ 828wz 13 7% 5 o o 3+ 0.5mg/ml WGE # 3
3% GAS » F]}* GAS £ * % WGE #7352 GAS JEE 50uM %5 - 34

€712 100 v 200 uM GAS & BT 5 & B fee S £ &7 8§79 % HBA 2

\F“b

# € Pl 4% GAS50~100 fr 200 uM %k #] o
(Z) k¥4 2 23 BiE S04 H683 2 Slitl Fv % Rz B F
-1 5WGE 2% FikR 2z GAS fr HBA ¥ Hs683 34 24 | pFis

PE S BB A2 %% A 0.5mg/ml 2 WGE £ 50 ~ 100 ~ 200 uM GAS
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fc 100 ~ 200 uM HBA % % Slitl 2. F-v % Wiz & H & »cf o
I~ AfpkEF 2 AR08l 57 A FRARBLEE

FEPRE AR DERT S E 5 TARE T L TR
TS S RT P RA TR - HRRTIRAT S XA THEL
W RBH S RRS o KBl L2k AR 0 & RJR e & E % FST

2 BAFEE RO FTHBERF ERADER o

SRR S SR Y BT R R L LIRS

BDNF £+ "gp @ 4mid ‘Shmiz cip 5 ~ 376 % R 2252 € & F]3  (Huang
and Reichardt, 2001) - d Bl= + - 2% &7 2 gl e b @5t P ehE B o

BN R R - ?«k 2§K7 II%;@’ #

Boirpgd ¢ R FRFHWE TG AR P R 2 R
# (RCAM %% : 141124 - ADDC 351143102+ 5 22 ¥ 35 CO14-910 (16 HE))»
R RERFRNE S LD N RESE TR FA&S X & WGE -~ GAS 4r

HBA 1 21 % (5%t BUFH - T32 B2 e oid j # M FpLg -

A A et B R EEERS E AR ER LY
(-) = A A
1. & - [ (specificity) :
ERERZFGHRAR - L2 T SRR X FrH (GAS) R 53
w? GAS k2 FFFRRFLEVFEHE=%-
2. % X * M (system suitability)
g BAE 2 ip ik Sl do = At A L (relative standard

derivation, RSD) % 8.60% -~ 3354+ #c (number of theoretical plate, N) = 2225 -
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w & Fl#c (tailing factor, T) % 1.12 ~ & 2% (resolution,R) 2 1.4~ FH i
(selectivity factor, o) = 1.15 % % # F1+ /% F P & (capacity factor, K’) &
341 -

3. s (linearity)

GAS 13 503 % ik &%t 10~100 pg/ml 2. @ - GAS A& +5% & ¢ (y) 23
kR (X) Z A 258 Ly =0.5407x + 0.54363 > 2 %% #ic R?=0.9999 » % IR
LIFARMR 2o doBlZ L w AT o
4. ®rr R (accuracy)

GAS kR 60% (30 ug/ml) ~ 100% (50 ug/ml) % 140% (70 pg/ml) ;% % 2.
GAS wicF &~ w5 97.98% ~ 100.81% 2 101.87% (% ~) #é¢ &k 2@ m
P e % A w e 80.0%~115.0% (4 &% - 1999) -

5. K % & (precision)

Hp =4 GAS iR (30~50 2 70 ug/ml) 2 HPLC & A 45 = = #51@ 7| 0
T AFM RSD #icig 2 %] 5 277 ~2.34 4r 3.38% (% ) A EREE S E2
Wigrra T X A <2% (WL AR 130 > 1999) > fris & w2 A5t s ¥ p 2
PGS0 B e ik 2 FEYOR I <14% (2 487138 0 2011) ¢ B % & RSD
#ie s 3.23% -

6. % (robustness)

B3 e 56 Aponad K 2 (0.97 ~ 1.00 - 1.03ml/min) 2 7 I & K
(219 ~ 220 = 221nm) > H &k Sidp R4 Slched 4 0T o BT FEREE B BdE i
FhFRT > XA RE N-T R fro e $ 0 o
7. %Eﬂ (range)

GAS f 10~100 pg/ml kB FERE - iRl % iz R e EE LR
ST A (F2 AR > 1999) » @ HAE R 0 & Fd ARG 58
PEILE 8RR 22 ORI E (2 481138 > 2011) -

8. & Mtk pJk & (limit of detection) % & < = € kA (limit of quantification)
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1% HPLC 447 = 48 GAS ## 53z kA (57 %2 9pug/ml) #7185
th GAS K 179% & AF K S 420 5y =0.7x-0.1667 » 2] %_th i R°=0.9932
(Bl= +2) HEF+ = GAS B2 B 47 6 ff 5 » ot > 4258 > & W F 3
3.27 + 0.06 ~ 4.87 + 0.15 4= 6.07 £ 0.06 ug/ml % GAS & 573 % cod kR -
T B L L 0130 AF L 0.7 5o RT IRl X g il &k ot
LOD=3.3c/S & LOQ=100/S ¥ ¥] GAS mxs»xit* LOD i 0.60 pg/ml 4=
LOQ % 1.81ug/ml 2z m#H i o
(=) AR>S HAFFIEI R

bR AT 2 X fra BB afs & (powder) % 2 s Bk (slices) =

B I FRE B AR RS LA B BT S 8720 4 GAS ¢

S RBRENT o RFEpROBEETUERIRS 9 GAS) 7 HBA &

e F AR GAS FEHFL L% - £ A E® o GRH - GRY
Fra A EAEMT GAS S5 BRMLE VRS B2 GAS ¢

FR#m > GBY 2 GAS 5 £ ¥%* GRY 4= GRH -
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A B EREERY AR EL > A FH R Y A BT AR B ER
fofs & jEd 2 B 5
Table 4. The effects of WGE, GAS, and HBA on the bouts, distance, and velocity of

rats in locomotor test in OFT.

Group n  Dose (mg/kg bw)  Bouts (count) Distance (mm)  Velocity (mm/s)

CTL 9 32+11 17758 + 4583 358 + 76
WGE 10 500 33+ 10 15782 + 6354 324 £ 127
GAS 10 100 33+11 16597 + 4861 349+ 90
HBA 8 100 32+10 15841 + 4667 331+ 120

Data are expressed as the means £ SD (n = 8-10). Rats were gavaged with the
following samples: WGE (500 mg/kg bw), GAS (100 mg/kg bw), and HBA (100
mg/kg bw). Data were not significantly different (p > 0.05) from each other according
to the result of ANOVA. CTL: control; WGE: Water extract of Gastrodia elata Bl.;

GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Table 5. The amounts of serotonin and its metabolite in the different brain areas.

5-HT 5-HIAA
Group ng/g brain tissue <y
Frontal cortex
CTL 710 £ 101 1173 £ 180
WGE 884 +138* 1390 £214
GAS 588 + 180 1216 £248
HBA 608 £ 57 1201 £ 158
Hippocampus
CTL 424 +248 5279 £ 3305
WGE 1364 £ 276* 10310 £ 3075*
GAS 4042 £ 12]1%** 12370 £ 4753%*
HBA 3103 £ 678%** 9623 £ 3333%
Striatum
CTL 982 £ 289 1228 £ 268
WGE 2149 + 354%=%* 1948 + 828*
GAS 2118 £ 458%** 3973 £ 1051 %**
HBA 759 £300 785 £ 264
Amygdala

CTL 2585 + 1865 7881 £ 4451
WGE 4288 + 2897 0346 £ 4286
GAS 2671 £ 1377 8458 £ 3466
HBA 2749 + 922 8329 £2592

Data are expressed as means + SD (n=8-10). All samples were administered once

daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100 mg/kg bw), and

HBA (100 mg/kg bw). *p < 0.05, **p < 0.01, ***p < 0.001 (according to the result of

ANOVA coupled with Dunnett's multiple comparison test) compared with CTL group.

CTL: control; WGE: Water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA:

4-hydroxybenzyl alcohol.
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Table 6. The amounts of dopamine and its metabolite in the different brain areas.

DA

DOPAC HVA
Group ng/g brain tissue
Frontal cortex
CTL 515193 300 £ 68 108 £ 38
WGE 751 £ 143%%=* 232+ 69 122 £63
GAS 723 £121%* 184 £ 46%* 139 £55
HBA 626 £ 63 313£54 73124
Hippocampus
CTL 3911 £1942 2369 2679 2328 1585
WGE 4603 + 3406 787 £ 468 352 £ 134%%*=*
GAS 4613 2341 3044 £ 4528 505 £ 113%**
HBA 1782 £ 1055 2150 £ 1413 505 £ 115%**
Striatum
CTL 22532 £ 9183 8232 £5279 441 +291
WGE 53388 £35364%* 16622 + 5784%* 450 £ 122
GAS 42831 £ 10794 15422 + 4266* 378 £ 115
HBA 33698 + 9997 18827 + 6634%%* 375 £137
Amygdala

CTL 2501 £2160 3375 £3627 362183
WGE 8503 £3318%** 1846 £ 940 480 + 331
GAS 7084 £ 1537%* 2092 + 1885 485 +248
HBA 7989 £ 1930%** 1015 £ 571 636 £139*

Data are expressed as means + SD (n=8-10). All samples were administered once

daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100 mg/kg bw), and

HBA (100 mg/kg bw). *p < 0.05, **p < 0.01, ***p < 0.001 (according to the result of

ANOVA coupled with Dunnett's multiple comparison test) compared with CTL group.

CTL: control; WGE: Water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA.:

4-hydroxybenzyl alcohol.
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Table 7. System suitability results of the proposed method.

Parameters Results Required limits
RSD 8.60% RSD<10%
N 2225 N>2000
T 1.12 T<1.5
R 1.4 R>1.0
o 1.15 a>1.05
K' 3.41 K'>3.0

Each value is the Mean of 6 determinations.

RSD: relative standard deviation; N: numbers of theoretical plate; T: tailing factor; R:

resolution; a.: selectivity factor; K': capacity factor.
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# N~ ~ 10 HPLC = 2Rl % % ¥ gastrodin

%R

2

intra- fv inter-day 2. #rx & 2

Table 8. Intra- and inter-day accuracy and precision of HPLC assay for gastrodin from

water extracts of Gastrodia elata Bl.

Recovery Repeatability Intermediate
Analyst Level Injection Standard® Sampleb Spike® Recovery Average RSD Average RSD Average RSD
(ng/ml) (") (n=3) (%) (@=9) (%) (@=27) (%)
(pg/ml)
1 30.75 27.04 29.08 101.20
30 2 29.64 27.78 29.27 103.75 102.67 1.28
3 30.38 27.97 29.64 103.05
1 49.27 48.72 50.20 104.89
1 50 2 50.39 48.53 49.27 9926 101.88 2.53 100.81 277
3 49.46 46.87 48.53 101.50
1 69.65 67.06 67.24 96.81
70 2 69.28 68.73 68.73 99.20 97.87 272
3 69.47 68.17 67.98 97.60
1 29.45 29.27 29.08 98.11
30 2 29.64 29.08 28.71 95.62 96.84 1.45
3 28.71 30.38 29.08 96.77
1 48.90 48.53 47.79 96.21
2 50 2 49.27 48.16 49.27 102.26 99.62 1.46 97.98 2.34 100.22 3.23
3 47.61 48.90 48.35 100.39
1 68.54 68.91 67.24 95.68
70 2 68.17 68.54 67.43 97.28 97.47 1.15
3 67.43 68.17 67.61 99.45
1 31.81 31.81 31.98 101.08
30 2 31.63 33.01 31.46 94.56 99.10 3.97
3 31.29 32.49 32.15 101.65
1 52.10 49.69 52.44 105.94
3 50 2 51.93 49.69 5227 105.63 104.64 1.90 101.87 3.38
3 51.24 50.38 51.41 102.35
1 74.11 72.56 74.80 103.94
70 2 73.94 71.19 72.39 99.53 101.87 2.18
3 73.08 73.94 74.28 102.12

#Standard: determination of gastrodin content by injecting each standard solution.

bSample: determination of gastrodin content by injecting each sample preparation.

‘Spike: determination of gastrodin content by injecting each spiked solution.
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Table 9. Results of robustness study of HPLC assay for gastrodin from water extracts

of Gastrodia elata BI.

Wavelength (nm)

Flow rate (ml/min)

219 220 221 0.97 1.00 1.03
N 2218 2270 2322 2241 2270 2289
T 1.14 1.13 1.13 1.10 1.13 1.18
R 1.40 1.44 1.39 1.39 1.44 1.40
a 1.21 1.22 1.23 1.22 1.22 1.21

N: number of theoretical plate; T: tailing factor; R: resolution; a: selectivity factor.
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Figure 10. Effects of WGE, GAS, and HBA on water intake (A), food intake (B), and
body weight (C) in SD rats. Each value represents means = SD (n=8-10). WGE, GAS,
and HBA were administered once daily for 21 days by oral gavage. WGE (500 mg/kg
bw), GAS (100 mg/kg bw), and HBA (100 mg/kg bw). Data were not significantly
different (p > 0.05) from each other according to the result of ANOVA. CTL.: control,
WGE: Water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA: 4-hydroxybenzyl

alcohol.
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Figure 11. The effects of WGE, GAS, and HBA on the immobility time of rats in FST.
Data are expressed as means + SD (n=8-10). All samples were administered once
daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100 mg/kg bw), and
HBA (100 mg/kg bw). ® data not sharing the same letter are significantly different (p
< 0.05) from each other according to the result of ANOVA coupled with Duncan’s
multiple range test. CTL.: control; WGE: Water extract of Gastrodia elata Bl.; GAS:

gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Figure 12. The effects of WGE, GAS, and HBA on the swimming time of rats in FST.
Data are expressed as means + SD (n=8-10). All samples were administered once
daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100 mg/kg bw), and
HBA (100 mg/kg bw). ® data not sharing the same letter are significantly different (p
< 0.05) from each other according to the result of ANOVA coupled with Duncan’s
multiple range test. CTL: control; WGE: Water extract of Gastrodia elata Bl.; GAS:

gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Figure 13. The effects of WGE, GAS, and HBA on the struggling time of rats in FST.
Data are expressed as means + SD (n=8-10). All samples were administered once
daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100 mg/kg bw), and
HBA (100 mg/kg bw). Data were not significantly different (p > 0.05) from each other
according to the result of ANOVA. CTL.: control; WGE: Water extract of Gastrodia

elata Bl.; GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Figure 14. The effects of WGE, GAS, and HBA on the serotonin turnover (Ratio of
5-HIAAto 5-HT). Data are expressed as means + SD (n=8-10). All samples were
administered once daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100
mg/kg bw), and HBA (100 mg/kg bw).***p < 0.001 (according to the result of
ANOVA coupled with Dunnett's multiple comparison test) compared with CTL group.
CTL: control; WGE: Water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA:

4-hydroxybenzyl alcohol.
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Figure 15. Western blotting analysis of 5-HT1A receptor in frontal cortex (A) and
hippocampus (B). (n=8-10). The value on the bottom of each group represents the
ratio of expressed levels, which were normalized with the expression of GAPDH and
relative to the CTL group.**p < 0.01, ***p < 0.001 (according to the result of
ANOVA coupled with Dunnett's multiple comparison test) compared with CTL group.
CTL.: control; WGE: Water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA:

4-hydroxybenzyl alcohol.
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Figure 16. The effects of WGE, GAS, and HBA on the dopamine turnover (Ratio of
(DOPAC + HVA)/DA). Data are expressed as means + SD (n=8-10). All samples were
administered once daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100
mg/kg bw), and HBA (100 mg/kg bw). *p < 0.05, **p < 0.01, ***p < 0.001
(according to the result of ANOVA coupled with Dunnett's multiple comparison test)
compared with CTL group. CTL: control; WGE: Water extract of Gastrodia elata Bl.;

GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Figure 17. Western blotting analysis of the regulators in the Slit-Robo pathway in
frontal cortex (A) and hippocampus (B). (n=8-10). The value on the bottom of each
group represents the ratio of expressed levels, which were normalized with the
expression of GAPDH and relative to the CTL group. *p < 0.05, **p < 0.01, ***p <
0.001 (according to the result of ANOVA coupled with Dunnett's multiple comparison
test) compared with CTL group. CTL.: control; WGE: Water extract of Gastrodia elata

Bl.; GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Figure 18. Effects of different concentration of GAS (A) (B) and HBA (C) (D) on the
cell viability in Hs683 cell for 24 and 48 hr. Each value represents means + SD (n=3).
*p <0.05, **p < 0.01, ***p < 0.001 (according to the result of ANOVA coupled with
Dunnett's multiple comparison test) compared with CTL group. CTL: control; VEH:

vehicle; HBA: 4-hydroxybenzyl alcohol.
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Figure 19. Effects of WGE, GAS, and HBA on the expression of Slitl in Hs683 for 24
hr. (n=3). The value on the bottom of each group represents the ratio of expressed
levels, which were normalized with the expression of GAPDH and relative to the CTL
group. **p < 0.01 (according to the result of ANOVA coupled with Dunnett's multiple
comparison test) compared with CTL group. CTL: control; WGE: Water extract of
Gastrodia elata Bl.; GAS: gastrodin (50, 100, and 200 uM); HBA: 4-hydroxybenzyl

alcohol (50, 100, and 200 uM).
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Figure 20. Corticosterone concentration in rats serum. Data are expressed as means +
SD (n=8). Data were not significantly different (p > 0.05) from each other according
to the result of ANOVA. CTL: control; WGE: Water extract of Gastrodia elata Bl.;

GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Figure 21. BDNF concentration in rats serum. Data are expressed as means = SD
(n=8-10). Data were not significantly different (p > 0.05) from each other according
to the result of ANOVA. CTL: control; WGE: Water extract of Gastrodia elata Bl.;

GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.
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Figure 22. Representative histopathological sections of kidney (A), liver (B), and
spleen (C) of rats in the FST (Original magnification, 400x). All samples were
administered once daily for 21 days by oral gavage WGE (500 mg/kg bw), GAS (100
mg/kg bw), and HBA (100 mg/kg bw). No significant lesion but diffuse glycogen
infiltration in liver might be related to unfasten overnight before sacrificed. CTL:
control; WGE: Water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA:

4-hydroxybenzyl alcohol.
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Figure 23. HPLC chromatogram (A) of GAS (1), HBA (2), HB (3), and VAN (4) (50
mg/l) standard; HPLC chromatogram (B) of WGE (2500 mg/l) from Pharmaceutical
Company; HPLC chromatogram (C) of WGE (3000 mg/l). GAS: gastrodin, HBA.:
4-hydroxybenzyl alcohol, HB: 4-hydroxybenzyl aldehyde, VAN:

4-hydroxy-3-methoxybenzaldehyde, WGE: Water extract of Gastrodia elata Bl.
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Figure 24. Calibration curve obtained with gastrodin standard solutions using the

proposed HPLC method.
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Figure 25. Calibration curve obtained with gastrodin standard solutions for limit of

detection and quantification using the proposed HPLC method.
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Figure 26. The analysis of gastrodin and HBA quantities from slices and powder of G.

eleta BI. under water extraction by HPLC. Each value represents mean + SD (n=3).

Compared with water and ethanolic extraction, the data were not significantly

defferent (p > 0.05) according to the result of ANOVA. HBA: 4-hydroxybenzyl

alcohol.
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Figure 27. The analysis of gastrodin and HBA quantities under water and ethanolic

extraction by HPLC. Each value represents mean + SD (n=3). *p < 0.05 (according to

the result of Student's t test) compared with water and ethanolic extraction. HBA:

4-hydroxybenzyl alcohol.
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Figure 28. The analysis of gastrodin quantity from different variety sources under
water extraction by HPLC. Each value represents mean = SD (n=3). * data not
sharing the same letter are significantly different (p < 0.0001) from each other
according to the result of ANOVA coupled with Duncan’s multiple range test. GRY:
Gastrodia elata BI. f. elata. from Yun-nan, GRH: Gastrodia elata BI. f. elata. from

Hu-nan, GBY: Gastrodia elata BI. f. glauca S. Chow from Yun-nan.
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Table 10. Effect of drugs reported to exert antidepressant activity in man on FST in rats.

Drug Dose % of immuobility time (control = 100) after
(mg/kg) 1 or 2-3 Administrations
Amineptine 10 80 Borsini ct al. 1981
20 40-65 Borsini et al. 1981
40 10 Borsini ct al. 1981
Amitriptyline 1 99 Gorka and Wojtasik 1980
3 92 Gorka and Wojtasik 1980
3.2 81 Satoh et al. 1984
3.75 75 Porsolt et al. 1977
5 83-94 Kawashima et al. 1986; Zabrowska- 137 Cooper ct al. 1980
Lupina 1980
7.5 74 Araki ct al. 1984 77-78 Ogawa ct al. 1984; Porsolt ct al. 1977
10 83-97 Gorka and Wojtasik 1980; Kawashima 72-74 Cooper et al. 1980; Satoh et al. 1984
ct al. 1986; Kitada ct al. 1981;
Zabrowska-Lupina 1980
15 70 Araki ct al. 1984 27-68 Cooper et al. 1980; Kitada et al. 1981;
Miyauchi et al. 1981; Ogawa et al. 1984;
Porsolt ct al. 1977
30 70-80 Araki et al. 1984 ; Kitada et al. 1981
32 43 Satoh et al. 1984
Buproprion 5 85 Cooper et al. 1980
10 51 Cooper et al. 1980
15 21 Cooper et al. 1980
Carbamazepine 40 50 May et al. 1985
Citalopram 16 88 Porsolt et al. 1979
32 109 Porsolt et al. 1979
64 103 Porsolt et al. 1979
Clomipramine 3.2 95 Satoh et al. 1981
5 78-79 Porsolt et al. 1979; Porsolt 1981
10 100 Kawashima et al. 1986 89-90 Porsolt et al. 1978a, 1979; Satoh et al.
1981
20 92-94 Porsolt et al. 1979 Porsolt 1981
30 100 Araki et al. 1985
32 74 Satoh et al. 1981
Clorgyline 2.5 96 Porsolt 1981
5 99 Porsolt 1981
10 75 Porsolt 1981
Danitracen 0.5 99 Gorka and Wojtasik 1980
1.5 84 Gorka and Wojtasik 1980
5 62 Gorka and Wojtasik 1980
10 62 Herman et al. 1981
Deprenyl 2.5 77 Porsolt 1981
5 59 Porsolt 1981
10 10 Porsolt 1981
Desipramine 32 91 Satoh et al. 1984
5 94 Porsolt 1981
7.5 89 Araki et al. 1981
10 67-100  Araki et al. 1981: Kawashima et al. 66-90 Borsini et al. 1981; Drago et al. 1985
1986; Kitada et al. 1981 ; Kostowski Porsolt et al. 1977, 1979
1985 Pulvirenti and Samanin 1986; Satoh
et al. 1984
15 82 Araki ct al. 1981
20 67-95 Borsini et al. 1981 ; Kitada et al. 1986; 30-55 Borsini et al. 1981; Drago et al. 1985;
Kostowski et al. 1984a, b; Plaznick Kitada et al. 1981, 1983, 1986;
et al. 1985b Miyauchi et al. 1981, 1984 ; Porsolt
etal. 1977; Vaccheri ct al. 1984
30 57-79 Araki et al. 1984, 1985; Kitada et al.
1981
32
40 27-41 Borsini et al. 1981; Porsolt et al.

85

1979; Satoh et al. 1984
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Table 10 (continued)

Drug Dose % of immobility time (control = 100) after
(mg/kg) 1 or 2-3 Administrations
Dexamisole 5 92 Przegalinski et al. 1980
10 82 Przegalinski et al. 1980
20 68 Przegalinski et al. 1980
40 22 Przegalinski et al. 1980
Doxcpine 10 7 Gorka and Wojtasik 1980
30 63 Gorka and Waojtasik 1980
60 61 Gorka and Wojtasik 1980
Fluoxetine 3 110 Gorka et al. 1979b
10 113 Gorka et al. 1979b
20 96 Porsolt et al. 1979
30 94 Gorka et al. 1979b
40 63 Porsolt et al. 1979
80 48 Porsolt et al. 1979
Fluradoline 40 62 Borsini, unpublished results
Fluvoxamine 10 95 Maj et al. 1982
20 94 Maj et al. 1982
40 98 Maj et al. 1982
Imipramine 1 93 Gorka and Wojtasik 1980; Gorka et al.
1979b
3 90 Gorka and Wojtasik 1980; Gorka et al.
1979b
3.2 84 Satoh et al. 1984
5 73 Zebrowska-Lupina 1980 98 Cooper et al. 1984
7.5 63-100  Araki et al. 1985, Porsolt et al. 1978a 72-96 Porsolt et al, 1978a, b
10 73-94 Gorka and Janus 1985; Gorka and 48-83 Cooper et al. 1980; Drago et al. 1984
Wojtasik 1980; Gorka et al. 1979b; Satoh et al. 1984
Kawashima et al. 1986; Zebrowska-
Lupina 1980
15 63-86 Porsolt 1981 ; Porsolt et al. 1978a 14-79 Cooper et al. 1980; Duncan et al. 1985
Porsolt et al. 1978a, b, 1979b
20 45-58 Drago et al. 1985; Duncan et al. 1983
30 61-100  Araki et al. 1984, 1985; Duncan et al. 31-60 Duncan et al. 1985; Koyuncuoglu ct al.
1985; Porsolt 1981; Porsolt et al. 1982; Porsolt 1981 ; Porsolt et al.
1978a 1978a, 1979b; Martorana and Nitz
1979
32 44 Satoh et al. 1984
Iprindole 3 98 Gorka and Wojtasik 1980
7.5 10 Porsolt et al. 1977
10 104 Gorka and Wojtasik 1980
15 98 Porsolt et al. 1977
30 80 Gorka and Wojtasik 1980 80-94 Duncan et al. 1985; Porsolt et al. 1977
40 64-73 Kitada et al. 1981; Porsolt el al. 1977
60 69 Gorka and Wojtasik 1980 107 Porsolt et al. 1977
Iproniazide 15 88 Porsolt et al. 1978a
20 87 Drago et al. 1985
30 79 Porsolt et al. 1979
60 53-58 Drago et al. 1985; Porsolt et al. 1979
120 96 Porsolt et al. 1979
Maprotiline 8 130 Porsolt et al. 1979
16 88 Porsolt et al. 1979
32 58 Porsolt et al. 1979
Mianserine 3 96 Gorka and Wojtasik 1980
3.75 98 Porsolt et al. 1977
7.5 90 Porsolt et al. 1977
10 87-102  Gorka and Wojtasik 1980; Kitada et al.
1981
15 66 Porsolt et al. 1977
30 78-97 Gorka and Wojtasik 1980; Kitada etal.  70-83 Kitada et al. 1981; Porsolt et al. 1977
1981
60 98 Gorka and Wojtasik 1980 121 Porsolt et al. 1977
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Table 10 (continued)

Drug Dosc % of immobility time (control=100) after
(mg/kg) 1 or 2-3 Administrations
Nialamide 40 103 Porsolt et al. 1978b
80 57 Porsolt et al. 1978b
100 37 Porsolt ¢t al. 1978b
Nisoxetine 7.5 101 Porsolt et al. 1979
15 101 Porsolt et al. 1979
30 67 Porsolt et al. 1979
Nomifensine 2.5 72-82 Borsini et al. 1981 ; Porsolt ct al.
1978a, b
5 10-89 Borsini ct al. 1981; Gorka ct al. 1985
Porsolt et al. 1977, 1979
10 62 Herman et al. 1981 4-17 Borsini ct al. 1981; Duncan ct al. 1985
Porsolt et al. 1978a, b
Nortriptiline 5 87 Zebrowska-Lupina 1980 87 Porsolt et al. 1978a
10 73 Zebrowska-I.upina 1980 80 Porsolt et al. 1978a
20 39 Porsolt et al. 1978a
Pargyline 25 66 Duncan et al. 1985
Pirlindole 10 83 Martorana and Nitz 1979
20 T Martorana and Nitz 1979
Salbutamol 16 117 Porsolt et al. 1979
32 105 Porsolt et al. 1979
64 107 Porsolt et al. 1979
Tandamine 4 99 Porsolt et al. 1979
8 92
16 77
Toloxatone 25 90 Porsolt et al. 1978a
50 74 Porsolt et al. 1978a
100 56 Porsolt et al. 1978a
200 53 Porsolt et al. 1978a
Tranylcypromine 1 94 Martorana and Nitz 1984
1.25 85 Porsolt 1981
2 60 Martorana and Nitz 1984
2.5 36 Porsolt 1981
5 10 Porsolt 1981
TRH 1 91 Ogawa et al. 1984
2 81 Ogawa et al. 1984
10 61 Ogawa et al. 1984
Trazodone 2.5 103 Porsolt 1981
10 0 Herman et al. 1981
50 101-104  Gorka et al. 1985; Porsolt 1981
100 97 Porsolt 1981
Viloxazine 7.5 97 Porsolt et al. 1978a
12.5 96 Porsolt et al. 19782
25 82 Porsolt et al. 1978a
30 80 Porsolt et al. 1978a
50 67 Porsolt et al. 19782
Zimelidine 3.2 103 Satoh et al. 1984
10 o Satoh et al. 1984
32 84 Satoh et al. 1984

Per cent values indicate the minimum-maximum range of effect
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< (HBA) - = 85§ 21 % v JR WGE ~ GAS {v HBA s FST % %4
REEL FRY RS F'% ™ 5-HT 4r DA % fuifz R 2 ¢ > WGE -
GAS fr HBA #t % = ik suen@ B % f SuBg ¥ -7 WGE # 7 7 i k5
FREFPE2LMR AL A m Chen &4 (2008) #7 = % ¢ R -

o P H O enih X T H g B (monoamine receptors) (Hsieh et al., 1998;
Guo et al., 2013; Wang et al., 2014) ~ ¥ s34 & = f¥fs (monoamine-synthesizing
enzymes) (Davis and Carlsson, 1973; Shin et al., 2011) - ¥ *=<if 3 it fis
(monoamine oxidase) (Riederer and Youdim, 1986) =8>8 5-HT1A & B & - & a_
& 5-HT & ch¥ vt B - Wang ¥ 4 (2014) 4 8t GAS ¥ 5d #& 3
5-HT1A % ®y* i1 5-HT #:iF 3 (transporter) fhdk 3> % i€ 5-HT 3 et
4 3,3’-Iminodipropionitrile 2% $A4¢ 5 X 4 ¢ = e i %9 o GAS » i ok
P8 4 1847 (mechanical hyperalgesia) 2. # 3 % # » # 3 GAS % & § 5
5-HT1A % B %k 7|ik 55 % (Guoetal, 2013) - Hsieh % + (1998) %A
cycloheximide 3 ##- el erF 7 7 # I HBA #8037 5-HTLIA 4o
5-HT2 R B7 it L dF R T2 AR - K& AT > GAS v HBA &
A HRES B 5HTIA £ B3 3 RO o F)pb > 8- 1 F > LEE &
237 5-HTIA £ BAFFEA TR s 5w hi i 25 Er4 5z 5-HTIA £
®:ALE & WGE~GAS fr HBA 2} BF#£ = > S 4 7 1 F #3298 5-HT
AT amhafbaed s BFRE-

fit. }epa 3 v fv (tyrosine hydroxylase) = & = DA R 4Ef2 % > 1 & Bpeix
& (tyrosine) # % % L-dopa (luvoneetal., 1978)< % Shin % % (2011) %= 3 4p
S % Fr¥ iz methamphetamine 3% % dopaminergic # {24i55% ¢ #1424 rF it
B4 ECL Ry i 2 > BF B tyrosine hydroxylase i IRE2E
Moo & ¢b s Kumar & 4 (2013) # 1-methyl-4-phenylpyridinium
(MPP+)/1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) % %t & 2 < g 2.

RN Y IR 58S GAS 182 3 MR tyrosine hydroxylase 3¢ # IR
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b o APk T AT A PCL2 m A 5T AT R DA ehf SR rE A &
A %2 3] WGE 4v GAS ¥t tyrosine hydroxylase 3447 > %38 tyrosine
hydroxylase %i& DA & = %3 % "G k& (Linetal, 2016)c & 11} 777 % % >
FEPI AT % DA STRZD DI T o LEE B RE S o

H e A% (monoamine oxidase, MAO) i & & A fEd = fEP cid (g0 E 1
o274 L MAOA & MAOB 57%’31:%&5 5-HT-NE %2 DA 37 3 R a3
fr4 > @ 84 & phenylethylamine 2 benzylamine § & ®.{=# (Shihetal,
1999) - H ¢ - # corpus striatum -~ thalamus 4= brainstem 1 MAO #H & 5%
ZB (Fowleretal., 1987) - MAOA 4 MAOB '@ fifi% % 3 & tadr R Y &
VAR R T T B EALHER MAO EHE Y s h g BERY
AR E IRF R AP M 214 (Benedetti and Dostert, 1989) - A # 5%z L W7 % ©
HER A RFF EHUPFPFEATE AL 2L 0% nE gy SR g,
7 (5-HT 2 DA) a5 » L d435 FST toerug R H R X F M3
K& $ ~GAS fr HBA & PC12 232 % 7 7 B H X MAOA EMamchk » &
GAS # % it E #&Fr4] MAOA st (Fh > 2008 5 Linetal., 2016) - 5 & &9 %
GUT T A kBB IRT GAS fr HBA 407 BB 4§ vsg £ B0 MAOA

K o M VRER G B VRAT (R T o

= ~# &V % (neuroplasticity) #4]2 #£ 3¢

A &7 e (neuroplasticity) = & 54 S kAP A (AL T) 2 A
(BY ~ Apiohfoki) oflEoriadiar g 27 > o 2ud K
# i fei 5 (Crameretal., 2011) o #¢ 5 & 3L¥ Flag B p o & F]F @ H 58 75 5
(Cohenetal., 1997) » ik = 4 & 5w ¥ ;ﬁd A s Kk F e e A K 2
Mg prmsti gmd 22452 (Nudoetal, 1996) v R #fig & ad ‘g £ 4F
ARFEZ 2 AR RE -

AF%FAT A FST 5N T A TME 36 FHE DPgEm o X
89
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kEF (WCGE) =+ b @r ez 57 3 3 RMIEE (o 2011 5 +k -
2012) o t A FIHEE A B R BT (GEEA T 4 5w forka) {10
P47 RAF R FRAR RV ] T8 TR & fRsast (real-time PCR)
e o Mtz A 45 % % 1 Kyoto Encyclopedia of Genes and Genomes (KEGG) #
FHEEFAAMBELZIRVH Bra s A EAFfrasad g
axongenesis ~ neurogenesis ~ nervous system development % dopamine secretion £
TR AR 5d TR SN R%E WGE BFE AN KV M
(neuroplasticity) #p B =4k #]1 % 3 > 4o Maplb ~RhoA -profilin-1 # CRMP2 (f# -
2011) o A d-v FREE A - @R T AL WGE #+ H= B%® FEEAR
FriabafodRel) o FAR > NHEMHTFRT L2 Pk E T RIET
0o Rk BT R ok EF SR 4] Slit-Robo BT fed Kmre b E L e
B RMERE > A EET Y HRTD] actin £2 tubulin o 2 ¢ > Slit-Robo # % iR
£ 32 : CRMP2 fv PFN1 % 3—v (4> 2012) o @ & % 2k & % 87 » WGE #f
¥R AR Slitl - Slit2 fo RhoA £ 1 #4375 CRMP2 4c PFN1» 3 %
AR T Aot B E AR R R A0 T e (4R 2012) -

A 5% % ¥+ (neurotrophic factors) & 3% A 5 A G S friadE S B g
LHEREAEDERY L KR o w2 H (GAS) fox g ~ (HBA) &4l 5
A T p A g ¢ dp 0 GAS %’EE’ PRAR A5 P A R R TS glial
fibrillary acidic protein = brain-derived neurotrophic factor (BDNF) % :z & # 4~
% chronic mild stress % & T #r & 4 g R4 (7 5 (Zhangetal., 2014) o g ¢t >
HBA 3 ¥ i:& BDNF - glial cell line-derived neurotrophic factor {= myelin
basic protein 4 kL MCAO *git#tn #7144 chg it g 2 (Yuetal, 2010;
Kametal., 2011) - 78 @ - i ji 4 7% R WGE ~ GAS {- HBA @iz 7 72’8 i1
AFHMmakR > 7 E24%% BDNF k& - fpv i £5] 5 FST R %4 &
AR PN R LD A EN AT AR REE TR RGN AL B

en @RI A FABE S BDONF BRI d o T 4opt - TRAEAT 3
90
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HraIN a4 5% 4  (neurotrophic) frim®z v ¥ 14 (cellular plasticity) 22 g & 4
}f;%—‘g{ 2% % & M mie (Soeiro-de-Souza et al., 2012) - %ﬁtb { AuiFE P GAS
fe HBA 27 %254 B ek d o o B8 A% & WGE ~ GAS fo HBA
ey R g, WGE &4 4 v st »cv it & p GAS fo HBA - )
Bl E B BRI R A Slit-Robo B ¢ BB dr e A TR o
Slit-Robo p /= & F84 Swie 4 £ A S d 287 R4 EHAHRE
4 B ond & s (Whitford et al.,, 2002) - 5 #7  # "% 14 Slit 4p M 39 & ¥
FBA GT L Fptdp ) Slit-Robo BT @A S W L 5 % R MBI (Lin
and Isacson, 2006; Borrell et al., 2012) o § #¢ jflhm?e & i {8 § £ NP R FHE 0 2 e
A 5wz &3 — 5 %] commissureless (Comm) # #3 Robo # 3R - & Comm 7 %
FopE o ¢ & Robo & ¥ Wi & 2 K4 £ e Slit gt L8 i b
REREFH €BEY & (midline)» = BY QT 72 £ k2 5 €2 Robo %
gr A pRAED 2 16 Robo % BARI A KR40 0 R4 Glwie &2 3T
Slit szt & > @ 4% Netrin-1 = 31§55 ¢ &R > B ¥ & > Comm T ¢ ik 4 R
@i Robo & # #lifsk% Slit 9y »$xdhie 2 RNT (74 L
(Dickinson and Duncan, 2010) o ## 3 e > S BL2 S % &7 > <~ & v JR WGE ~
GAS {r HBA %+ & ¥ % i1 Slit-Robo /= ¥ e f ¥ %]+ Slitl = RhoA
v s Baadi o P Slit Fd d A G mre L F P Rl I kP &
A BghR P eh Robo X BEL o R E A KT AR A B o
Kaneko # % (2010) % = & vf FL g cniTd 4 Slmre € & s Slitl k §es H #
7 (migration) I +*GA& & > Lin f= Isacson (2006) tis’niz'm?e R %7 #F
Netrin-1 & #3849 55 RfF e 2 > Slitl R 5 e RPFH 2 ek (Bl ~4) >
SHELT AT LRV EFALT %Y L P WGE -~ GAS {r HBA 7 37 % §.48

% s 5w d Slitl £ IRGIR R o
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(A) (B)

(Lin and Isacson, 2006)

Net 300ng/ml|

Bl= -4 ~Net(A) = Slitl (B) #2rrizimre R % B R 5
Figure 29. The effect of neurite development of enhancesembryonic stem (ES) with
Netrin-1 (Net) (A) and Slit (B) treatment.

Hs683 &_* #f & #+% "2tk > Rossi % 4 (2005) # s H &5 » ¢ Slitl
it d o 50 B2 WGE -~ GAS v HBA &% ¥ & E4rdl# 59wz 253 Slitl >
{8 11 Hs683 ‘wmre ie 735 cWGE 0.5 mg/ml z &£ 2 £ 4+ Lin % 4 (2016)
& PC12 ¥ MAOA e#7 7 » d 3t #idkit2 WGE 73 3%GAS» %77
0.5mg/mWGE ™ 7 5 50 uM GAS » F]#* GAS % F B4 * 50 uM ~ 100 uM
e 200 UM E H| £ 22 Hs683 wmizthk 32 % > & HBA #EEH + 7| p = ¢ >
FAER ey F R TR EER SR GAS A E 5% WGE-
GAS fr HBA 79 v  4£' ™ Hs683 % Slitl thkv £ o

RhoA 7= % Slit-Robo 8.2 7 & & Frf|#d LR F B hf A F+
(Benarroch, 2007) > 5 GTP-RhoA # SRGAP -kf% % GDP-RhoA PR E § &
GDP-RhoA ¢ /% it Rho-associated protein kinase (ROCK) @ #r|#v# 3-d 9%
£ (Schmandke et al., 2007) » ¢ #%4]% & Sin % 4 (2002) #7% BerIp §—"%
M RhOA 27 HBFAH G7 XM o A A7 %% WGE -~ GAS - HBA
= Foae ? B FE RhOA id B ehd IR o

$oeb s LE AT f 40 WGE iaag Slit-Robo B /2@ ¢t 34 325 CRMP2
fo PENL %0 cha gl J5d %4 07 i decd 4 Big FST #E 404 2 iy

BWE L (4h2012) - CRMP2 5 5374 Fie il = im®e ¢ 4 E e} (Inagaki, et
92
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al., 2001; Fukata et al., 2002; Yoshimura et al., 2006) » Yang % 4+ (2013) %z % £
Wz b5 ¢ I CRMP2 frgineni-d % LA ¥ ' % PFNL & PEN 30%

*Re - R PR FRE S

\\Xr

BiEA e LA (lere 2

é“l

4%‘3,

T4 & Martins-de-Souza % 4 (2012) s 324F £ 45 01 » MDD R 4 "% 2. 5 0

j;

 fethiE 5J) G2 RPE et & (Birbach, 2008) o

PENL #-v £ A F K300 F 4 o 14528 3 & CRMP2 {r PFN1 e = & 2

EARSERT 0 WGE B7 BF{A A SR A §ov iRt > GAS

AEEY BB %Y F RS WGE ¢ GAS {v HBA § B# 5 7
A E o mEcd A A FST 7 Adez fim s e fris Agad A F GAS (100 mg/kg
bw) f= HBA (100 mg/kg bw) i Fl4i® frcsk » R G daiplr 4 57 {1 %
(bioavailability) # B - & GAS &6+ #55 ¢ > Lim % 4 (2007) - Jia
£ 4 (2014) 4w EE st v PR GAS 3R A RPN G|z 2 R EHER

Py RSB E B GAS thd e I kL 142% 0 Fp T iR L
GAS tigf sk mizecl ~ BB & HBA %5 FM4 v %
B R MHE R X BRI T HaR o
o A EEREE 2 E T R R FHAGY A FH R LR

XY (GAS) 5 X i & B4 2 - (Hsiehetal, 1997; Liu et al., 2002) -

TR gL A R (FAARTIIN > 2013) ) S ARS R HRESET GAS L3 i
FRFERAFEFLoH O BRARNAFEFASEE I L FE e S A
B RN EL R GAS FE e o kLAY FL S D RH
FURE o e fRh 3 @0 14.0% 0 ke g 2 @0 18.0% 0 T
% GAS 7 185 0.20% (2 481138 2013)- # ¥ » F & f & GAS 2 TLC %
B ITE LS F R 2L HPLC 2 2492 i FIE B dqp il p R S N

B TR XY GAS chiffgideFpt o 2§ %1% HPLC &7 % fr® GAS
93
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g g R oAz HPLC dwgrc 2 c HPLC A it A w9 % 3
=2 h3E (4R 2010) $He i e WGE 27 4 47 0 B A 47 Blsf g 208 20

Himd 77 % 25 GAS ﬁ"}ﬁ%)ﬁﬁi (HBA) » e & f %% p (7R 9%

o

BohaE 2 oA 45 E E R R R fR R

:}:1
e
et
3
o
R
_§_
¥
*D-
2
=
=i

%ﬂgfLmﬁA(mw)waﬁﬁﬁi%u@%’&&ﬁﬁﬁ&éﬁﬁﬁﬁ
WGE g2 47id # i WGE %3i 3% & 243 1247 & o GAS fgre> 2 ¥ 2 % &
EAF BB RATE & & R W e 1T E A =2% (2 451138 > 1999) » iz
At AT RERRY 2 R E A FELARTIINE BB S E Y
8t Flemk S 2 2 mon R =10% 0 gt b o P B R R 4 AR =14%2
FRN (FLARTIRN e R85 ¢ 2 ¥ > 2012) -

213 NEFP GAS fiF e el 25 AP X Rl & (powder) e

(slices) @ &% L4v1 » NPk FEZGRE 3 NEFEE £ 1 HPLC
g GAS FE®I o - BERT OB RPAGHYBHSTF AR i
FH @A FI AR R ek R BT U EBFIR P B £40 GAS e R kRS

RS Al A 2 GAS 3§

=k

BEMFLE G B AR AL L

w

BRSBTS R AR AL PR R A
CARFIEER o FP ARSI AT S MR HEEER & 50~70% L i (£ o

2009) o A=k FEF B HF A Fras SRCKFBE A L R I G 0 R fF D

bl
b
fra
jud
i
N
-
#

FICBRAPEIEA MY R A CRERABEART I EE
WL R 5~ A7 ¥ PR R e P ERE S BER R Y L ¥ g
BAZHEE o AR B EBRRHE GAS 2RV FE 2 5 0 GAS Ak x
EY g BB @R B GAS ORF ok o g (2011) A wu 3
3ok~ P ERE 70% o FRE R iR A R E B PRI PR hig MR
G EE Sk o B2 % A & a,a-diphenyl-B-picryl -hydrazyl (DPPH) A ¢ A
K,ﬁ% fet ~ B R BRI EER R A A4S Bt fF (Superoxide dismutase) &

ABTS B+ p 4 2 f,p MR FrdlEn i T L KRB F R A 4 (thiobarbituric
94
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acid reactive substances, TBARS) # =2 % ¢ @5 BH ¥ 5 3 5> T L5

~

BdA Gk (> 2011) o BEAR G ARSI B A Bdnd (V2 A SRR T Y T

WEEEM R RFEESLS LS HBA Z 1 atpMAm T~ #F 25 f 50 mg/kg
bw 7 HBA # 1M3E 4k 0 3¢ b cdd 53 it i3 2 (Kametal, 2011; Yuetal.,
2010) » A A EB-F B & P HEAS D GAS B F B R 0 Flp kR R R
Fle A frAr 2R amt e TH Y WA PP R JrREAT _E 2
B GAS» ig- HE® A F L A Friod TR A3 X AR A
FTE%ERT > A GAS FREI A E X TR L RORE I L AT B FRA
GHo ey f AL GAS FERFR TR FoBERE X Aick X 5

3T (BE A 1987) 0 e ivF A1 RfEY E
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¥

- B#
b FST &P Y @ FiE®s e ¥ SD 2t

21 = 3 ok ¥4 (WGE) (500 mg/kg bw)~ = 5 (GAS) (100 mg/kg bw) ==
FEH ~ (HBA) (100 mg/kg bw) » 3940 B % % i % B Aok @ 7 jcds cnphb

(immobility time) > & 7% & 7 F® @ 5 sk o 1 HPLC A 47730 B yeighl 5 B §
Firi 4 (B-HT) fo 5 @ v (DA) i #% i - in WGE-GAS - HBA %
i B F R N AW R P IR o0 E vRaE (N BES > a4F 5-HT - DA g h
R B R BREHS TR AN ot A S BB AT
. WGE ~ GAS v HBA 7 % i1;% 5 ¢ Slit-Robo B /= f #24]F5 Slitl v
RhoA 2z 3-v % > ¥ g+ A4 %]+ CRMP2 4 PEN1 z -9 % - % Hs683
wie F B%E R WGE fr GAS ¥ 2 #&:#47 Slit-Robo #:.7% o & GAS 4 47723
BEFFPFZRE 2 A Z R EFLAETIINEF RS TR

-
2

2 FE iR RS R el 2 N BB AR GAS 7 B

g
=hg
=

A2 GAS Z 2R EZPAH{r MBI R I ApM - B¢ > 11§ X

~
~E
|

K ZBAr iR Bl en GAS 2 & A E o
FENM T A% P #F GAS 4 HBA £k i WGE #8530 e
Bk o Shmre B e L B R R PIE A A @ (S e 2 b GAS A
¥rEse s A FpE B N E R RaER o AR A S RE TR Es SR
ZRAPEREE IR AR SRR A A LR R A AR T L AP A

TERE TSR
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S o
PEAALTRRFFE L o 30019840 = L2 FEG G SRREE
\:‘W":]‘io

fez frdmgo2012 P i 2 RE R R RER AT ipsche Bl
Ak & A4 & 8 o pp. 329-336 ; pp. 356-358 -

Gk 02010 £ AHA Ao A B TRERISR L EREESR LB F
¥ - 25(4) : 261-267 -

B R 3 - 2016 o % Jir ifgﬁ- A ER c RS BE o EREELGG NP
44 552 pp. 58-59 o

S e 020090 ¢ FX Y FRA LI B o Wz F ek PREAF IS
BRI ALY o

BEPEE S RS ST AR < 1087 pE AL AR Y R
< FE o pp.5-9-

R o 2010 © 4531 omega-3 § & A e el dephak L AR X B 7 L P
o L2 Fa gy o

fhot £00 20120 10 3od FRHEHFH ok FF AL 2 4R 86 5
PHFALTHRLGT

A Y 22010 - % frok 54 #A T AR S PCI2 % df § 240 iRk o o
Azi# 88 e ] “THlhe -

%3 % 0201502015 #pid X R RAAE 27 B~ o @ FMEATRE o ¥ B
[

FTF 450 2008 o« % Frok K enfid @0k k o B2 A F 8 B R T o L%

AT <2011 1 A PN 6 Xk S H 2 AR A AR F 8 R
PHRFT L TR LY

B ploo 2011 o % 3 Pedr 2 gng LR e Rt o A EAF A S A R

<

HE AL H= -
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B 02010 % fr#ocd A2 R B AR A BFFATCFFT ALK o

TeiE s 220080 fm E < BERIRY

B H R LA EES Bl R oA AR

F_k

H
B A S LRI HA S AT 2 PR 2R F
ER Ll E- VSRR

FRT AL 02002 BEE o £ AR 280

FE A 21990 o snArin B @Mt R 52 L E G U F ot L

AL EHN FEE A L] o 2014 0 BEEA B AT ST RIS R R

Eoae R ATARE o fied By AL o AT L # o pp3e

A AR TI0 © 1990 « B 5 A i Aok (T E A .

#4 ABJIIN 0 2015 - ¢ E R E 103 # 5 FlE % A 4T o

4 ARFI2802012- 7 EA® 91 #£3 100 &£ W p M- 2t FE 95 #3100

-3 R TIE I-SC-li

Ed ABFIIR - 2013 © £ Y B F K o F o

2 ABJIN - 2012 - & F 1 Fie sk > 2 2 FErR e o

FAARTINE W2 L8 FF IR F L FE0 2015 a0
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Gastrodia elatn Blume is commonly used as a medical herb in China for ameliorating
headaches, dizziness, and convulsions. In previous studies, water extracts of G. elata BL
(WGE) have demonstrated potential to act as therapeutic agents to improve depression-like
symptoms in rats. As gastrodin (GAS) is a major active compound in WGE, its quantitation
in WGE is impaortant for quality control. The objective of this study was to develop an
optimized and validated reversed- phase high-performance ligquid chromatography method
for the analysis of GAS in different sources of WGE. We evaluated the GAS content in va-
rieties of G. elata Bl including G. elata BL f. glawea 5. Chow and G. elata BL f. elata. We also
evaluated the GAS content of the latter variety from two different origing, Yun-nan and Hu-
nan. The results indicate that the amount of GAS analyzed in WGE from G. elata BL f. glauca
5. Chow is five times higher than that of G. elata Bl. f. elata from Yun-nan and Hu-nan. A
significant difference in GAS content was observed between varieties of G. elata BEL,

although not between locations of origin.
Copyright © 2015, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. Open accessunder CC BY -NC-ND license.

1. Introduction

Rhizoma Gastrodiae is the dred tuber of Gastrodia elata Blume
(G. elata BL, Orchidaceae), a prominent traditional Chinese

medicinal herb. It is used to treat headaches, dizziness, con-
vulsions, paralysis, rheumatism, and lumbago [1]. Five vari-
eties of G. elata BL are cultivated in China, including G. elata f.
elata, G. elata f. glauca 5. Chow (GBY), G. elata f. viridis Makino,
G.elata f. flavida S. Chow, and G. elataf. alba S. Chow [2]. Among
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these varieties, G. elata f. elata and GBY are the most widely
cultivated [3,4].

Previous reports have indicated that G. elata Bl can serve as
an anticonvulsant [5—7], antioxidant [8—10], antiepileptic [11],
memory enhancer [12—14], smooth muscle relaxant [15],
protectant against amyloid j peptide-induced cell death [16],
and apoptosis inhibitor [7,11,17]. Our previous studies
demonstrated the antidepressant properties of water extracts
(WGE) in forced-swimming tests [18,19]. Five bioactive com-
pounds—gastrodin (GAS), vanillyl alcohol, 4-hydroxy-3-
methoxybenzaldehyde (vanillin), 4-hydroxybenzyl aldehyde
(HB), and 4-hydroxybenzyl alcohol (HBA)—have been isolated
from G. elata Bl. However, the antidepressant effect of the
primary bioactive compounds in G. elata Bl remains un-
known. GAS is regarded as the major bioactive compound in
G. elata Bl. [20]. GAS (the structure shown in Fig. 1) has also
been found to serve as a memory enhancer [13,21], anticon-
vulsant [22], apoptosis inhibitor [23]. Thus, the quality of G.
elata Bl. can be evaluated by the level of GAS.

In the present study, we aimed to develop a simple, accu-
rate, and selective method that is fully validated according to
the ICH Q2A and Q2B guidelines [24,25], and which can be used
to assay the active components of G. elata Bl. To determine the
amount of GAS in different sources of WGE, we evaluated the
GAS content in two varieties of G. elata Bl including GBY and
G. elata Bl. f. elata. We also evaluated two different origins of G.
elata Bl f elata from Yun-nan (GRY) and from Hu-nan (GRH).
Our study of the quantitation of GAS can provide useful in-
formation for selecting a source of G. elata BL

2. Experimental
2.1. Chemicals and reagents

G. elata Bl f. elata (black G. elata Bl. from Yun-nan, GBY) and
G. elata Bl. f glauca S. Chow (red G. elata BL. from Yun-nan,
GRY) were purchased from Chrysanthemum Village medi-
cine market, a Chinese herb pharmacy in Kunming (Yun-
nan, China). G. elata f glauca S. Chow (red G. elata Bl. from
Hu-nan, GRH) was purchased in Hu-nan, China. These G.
elata Bl. varieties were identified by Professor Zhi-Hong Zhou
in the Chinese Medicine Cultivation Center at Yun-nan Uni-
versity of Traditional Chinese Medicine (Yunnan, China). GAS
(p-hydroxymethylphenyl- p-D-glucopyranoside) was obtained
from Professor Chi-Tang Ho in the Department of Food

OH

HO OH

OH

Fig. 1 — Structure of gastrodin in Gastrodin elata Blume.

Science at Rutgers University (New Brunswick, NJ, USA). HBA,
HB, and vanillin were purchased from Sigma (Sigma—Aldrich,
St. Louis, MO, USA). All standards used were of = 99.5%

purity.

2.2, Chromatography

2.21. Instrumentation and analytical conditions

The high-performance liquid chromatography (HPLC) system
consisted of a PU-2089 Plus solvent delivery system (Jasco
Corporation, Tokyo, Japan), an LC-Netll/ADC degasser (Jasco
Corporation), and a UV-2075 Plus detector (Jasco Corpora-
tion). The data were acquired via Chrompass analytical
software (version 1.7.403.1, Jasco). GAS was measured by the
Jasco HPLC system with a phenomenex Luna C18
(250 mm x 4.6 mm i.d.,, 5 pm particle size; UV-2075 Plus de-
tector, JASCO Corporation, Torrance, CA, USA) at 35 + 1°C.
The peaks of GAS were detected at 220 nm. The flow rate was
set at 1.0 mL/min. The mobile phase was prepared freshly,
filtered through a 0.22 pym polyethersulfone (PES) vacuum
bottle top filter (Sigma—Aldrich) by an Aspirator AS-1 vacuum
filtration apparatus (Fargo Instruments, Taipei, Taiwan) and
degassed by Bransonic 5510R-DTH (Branson Ultrasonic Cor-
poration, Danbury, CT, USA) for 30 minutes. The mobile
phase consisted of a mixture of 0.02% phosphoric acid in
water (solvent A) and acetonitrile (solvent B) pumped in the
gradient mode as follows: 0—7 minutes, 5% B; 7—15 minutes,
5—20% B; 15—20 minutes, 20—25% B; 20—25 minutes, 25-95%
B; 25—28 minutes, 95% B; 28—30 minutes, 95—5% B; and 30-35
minutes, 5% B.

The HPLC analysis method was fully validated according to
the guidelines of ICH Q2A and Q2B [24,25] and the specifica-
tions of the Food Chemistry Analytical Method Validation by
the Taiwan Food and Drug Administration [26]. The method
was validated for linearity, precision (repeatability and inter-
mediate precision), accuracy, specificity, detection limits,
robustness (detection wavelength and the flow rate of mobile
phase), and system suitability [27—30].

2.3. Preparation of G. elata Bl. extract

Extraction methods using ethanol and water were followed
according to those in previous reports from the second edition
of the Taiwan Herbal Pharmacopeia [31] and Teo et al [32] with
slight modifications. For the ethanolic extraction, 1 g of slices/
powder was immersedin 25 mL of 70% ethanolandrefluxed in
boiling water for 60 minutes. The supernatant was quickly
cooled to 4°C and filtered through 0.45-um nylon filters (Agela,
Beijing, China). The ethanolic extracts (EGE) were concen-
trated by a rotary evaporator (Heidolph 4000; Heidolph In-
struments, Schwabach, Germany) and lyophilized (SFD-25
model, Chang Juing Co., Kachsiung, Taiwan) under high vac-
uum and re-dissolved with water prior to the HPLC assay. For
the water extraction, 1 g of either slices or powder was
immersed in 5 mL of deionized water and refluxed under
boiling water for 60 minutes. Seven mL of deionized water was
then added to and refluxed for another 50 minutes [33]. The
WGE were collected as described above for the EGE, without
the concentration step.
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2.4, Preparation of stock and working solutions

The standard stock solution was prepared by dissolving GAS
in water at a concentration of 1000 pg/mL and stored at 4°C.
Working standard solutions were freshly prepared by diluting
the stock solution in purified water to GAS concentrations of
10 pg/mL, 30 pg/mL, 50 pg/'mL, 70 pg/mL, and 90 pg/mL,
respectively.

2.5.
samples

Preparation of standard and quality control

We prepared nine quality control (QC) samples: three WGE
solutions at concentrations of 30 pg/mL, 50 pg/mlL, and 70 ng/
mL; three standard solutions at concentrations of 30 pg/mL,
50 pg/mlL, and 70 pg/mlL; and three spiked solutions at con-
centrations of 30 pg/mL, 50 pg/mL, and 70 pg/mL. In order to
extract GAS, the concentrations of the original WGE solutions
were 1800 pg/mL, 3000 ug/mL, and 4200 pg/mL, which resulted
in a GAS content of 30 pg/mL, 50 pg/mL, and 70 pg/'mlL,
respectively. All of the QC sample solutions had concentra-
tions between 30 pg/mL and 70 pg/mL. The concentrations of
the calibration standards were within the range of 10-90 pg/
mL. QC samples fell within the range of the calibration curve
of GAS.

3. Results and discussion

3.1. Method development and optimization

The preliminary experiments of the GAS assay were per-
formed according to the HPLC method developed in our lab-
oratory [34]. The HPLC chromatography was carried out by an
isocratic elution of 10% acetonitrile (aqueous). A flow rate of
1 mL/min and a detection wavelength of 220 nm were used.
GAS was identified according to the retention time of its peak,
which was determined from a GAS standard with appropriate
specificity and selectivity. However, the isocratic elution did
not lead to satisfactory separation of all the peaks in a QC
sample, which resulted in poor results from GAS quantifica-
tion studies in our laboratory [34]. Thus, the chromatographic
conditions were modified using a gradient elution method,
according to Liu et al [35]. The gradient elution of a water and
acetonitrile mixture resulted in lower resolution of peaks from
a QC sample. Accordingly, peak resolution was improved by
adding 0.2% phosphoric acid (aqueous) to the water of mobile
phase. All peaks of the unknown components that were used
to develop the method were well separated. GAS was identi-
fied by comparing the retention time of its peak with that ofa
commercial standard. HBA, an aglycone of GAS, was also
identified in the HPLC chromatogram |[36,37]. The results
demonstrate the specificity of the developed method since
none of the excipients interfered with target analytes (Fig. 2).
3.2. Validation of method

3.2.1. Linearity, limit of detection, and limit of quantitation
The calibration curve of GAS was linear within the concen-
tration range of 10-90 pg/mL in water. The regression

123

equation was y = 0.5407x + 0.5436 and the correlation coeffi-
cient (r*) was 0.9999 (Fig. 3). Limits of detection (LoD) and
quantitation (LoQ) were expressed as LoD = 3.3¢/S and
LoQ = 100/S (where o = the standard deviation of y-intercepts
of regression lines and S = the slope of the calibration curve).
The LoD and LoQ were calculated to be 0.5 ug/mL and LoQ was
1.52 pg/mlL, respectively.

3.2.2. Accuracy and precision

The relative standard deviation (RSD) of the overall intraday
precisions for the peak arearatios obtained for GAS was 8.60%
(n = 6; Table 1). This demonstrates that the equipment used
for the study functions correctly for the developed analytical
method, and the method can be repeated. The data for the
accuracy measurements were expressed as percent of recov-
ery of GAS in the real samples. The samples were spiked with
GAS to obtain final concentrations of 60%, 100%, and 140% to
the nominal analyte concentration of 50 pg/mL. Analyte
samples at each of these concentrations were injected and
analyzed in triplicate by three analysts. The mean recovery of
GAS in real samples was within the range of 94.56—105.94%
with 3.23% of mean RSD (Table 2). However, G. elata Bl. is a
natural product and content of GAS varies by different variety,
origin, and harvest season. Because G. elata Bl. is a traditional
functional food, the analysis method should follow the criteria
for the Food Chemistry Analytical Method Validation by
Taiwan Food and Drug Administration, which mean recovery
and RSD range were not more than 80.00—115.00% and 14.00%,
respectively. As shown in Table 2, all recoveries were within
the acceptable range.

3.2.3. Robustness

To show the reliability of the HPLC analysis in the presence of
varied analytical parameters, we injected solutions under the
following modified chromatographic conditions: wavelength
at219 nm and 221 nm or flow rate at 0.97 mL/min and 1.03 mL/
min. As shown in Table 3, the numbers of theoretical plates
(N), the tailing factor (T), resolution (R), and selectivity (z) of
GAS were not significantly affected by these slight changes.
Theseresults indicate the robustness of HPLC analysis despite
variation of the parameters, including detection wavelength
and flow rate.

3.24. System suitability

To confirm system suitability, the peak GAS values of 4200 pg/
mL WGE were analyzed six times consecutively for RSD, N, T,
R, o, and capacity factor (K'). The results of this analysis are
listed in Table 1. The RSD was 8.60%, which fell within the
criterion of < 10.00% described in the Food Chemistry
Analytical Method Validation guidelines [26]. This indicates
that our results met the criteria and ours is a suitable method
of analysis of the GAS content in WGE. Our analysis method is
fully in compliance with the Food Chemistry Analytical
Method Validation Guidelines.

3.25. Comparison between WGE and EGE from different
sources of G. elata Bl.

In our pilot study, powder of G. elata Bl. was gelatinized during
water extraction due to the presence of high levels of starch.
The suspension from the extracts was difficult to obtain by
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Fig. 2 — (A) Chromatogram of four standards of Gastrodia elata Blume by high-performance liquid chromatography;
A = gastrodin, B = 4-hydroxybenzyl alcohol, C = 4-hydroxybenzyl aldehyde, D = vanillin (4- hydroxy-3-
methoxybenzaldehyde). (B) Chromatogram of water extracts from G. elata Bl. A = gastrodin, B = 4-hydroxybenzyl aldehyde.
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Fig. 3 — Calibration curve obtained with gastrodin standard
solution using the proposed high-performance liquid
chromatography method.

Table 1 — System suitability results of the proposed
method.

Parameters Results Required limits
RSD 8.60% RSD < 10%

N 2235 N > 2000

T 112 T<15

R 14 R>10

a 1.15 a>1.05

K 341 K'>3.0

Each value is the mean of six determinations.

o = selectivity factor; K’ = capacity factor; N = numbers of theo-
retical plate; R = resolution; RSD = relative standard deviation;
T = tailing factor.
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Table 3 — Results of robustness study of high-

performance liquid chromatography assay for gastrodin
from water extracts of Gastrodia elata Blume.

Wavelength (nm) Flow rate (mL/min)
219 220 221 0.97 1.00 1.03
N 2218 2270 2322 2241 2270 2289
T 1.14 113 113 1.10 113 1.18
R 140 1.44 139 1.39 1.44 1.40
o 121 1.22 1.23 1.22 1.22 121
o« = selectivity factoy N = number of theoretical plate;

R = resolution; T = tailing factor.

centrifugation and filtration through 0.45 pm nylon filters.
Therefore, the powder was deemed unsuitable for GAS prep-
aration. The HPLC chromatogram indicated that the quanti-
ties of GAS and HBA were not significantly different between
slices and powder (Fig. 4). Thus, the slice from G. elata Bl. could
be preferable over the powder for use in subsequent studies.
As shown in Fig. 5, the extraction solvent affected the quantity
of GAS. The amount of GAS in WGE was significantly higher
than that in EGE. Since GAS is a highly water-soluble com-
pound, its extraction efficiency was higher in water than in
methanol as the extraction solvent [38 39]. Therefore, this
method of water extraction can be applied to further analyses
of G. elata Bl. According to the Chinese medicinal dictionary
report, the quality of G. elata BL. harvested during winter is
superior to that harvested during summer [40,41]. The G. elata
Bl. samples used in the present study were harvested during
winter. To verify the quantities of GAS from different sources
of G. elata Bl., all samples were initially steamed for 30 mi-
nutes. Once cooled, the samples were sliced, frozen, and
lyophilized. The chromatography results demonstrated that
the yield of GAS from GRY and GRH did not differ significantly
(Fig. 6). However, we found that the amount of GAS from GBY
was five times higher than the amount from GRY and GRH.

80 1
ey ER Slices
ER Powder

60 1
-
E 40+ —
=4 e

20 1

0 I.l

HBA

Fig. 4 — The analysis of gastrodin and 4-hydroxybenzyl
alcohol (HBA) quantities from slices and powder of
Gastrodia elata Blume under water extraction by high
performance liquid chromatography. Each value
represents mean + standard deviation (n = 3). Compared
with water and ethanolic extraction, the data were not
significantly different (p > 0.05) according to ANOVA.

Gast'rod in

126

3001 u &

BB Water extraction
B8 Ethanolic extraction

200-

pg/mL

1007

HBA

Fig. 5 — The analysis of gastrodin and 4-hydroxybenzyl
alcohol (HBA) quantities under water and ethanolic
extraction by high-performance liquid chromatography.
Each value represents mean + standard deviation (n = 3).
* Indicates p < 0.05 (Student t test) compared with water
and ethanolic extraction.

Gastrodin

These results indicate that GBY provides a better source for
GAS than GRY and GRH under water extraction.

14, Conclusion

To summarize, a specific HPLC-UV method to measure the
amount of GAS in water and ethanolic extracts from different
sources of G. elata Bl. was developed and validated. By

E .23
|
kK

300- —
'E ——
S 200-
=
=
j:
£ 100
1]
I

GRY GRH GBY
Variety

Fig. 6 — The analysis of gastrodin quantity from different
variety sources under water extraction by high-
performance liquid chromatography. Each value
represents mean + standard deviation (n = 3). The overall p
value shown was obtained by analysis of variance Tukey's
test for multiple comparisons and indicated a significant
difference (***p < 0.001) between Gastrodia elata Blume f.
elata from Yun-nan (GRY) and G. elata Bl. f. glauca S. Chow
from Yun-nan (GBY), and also between G. elata Bl. {. elata.
from Hu-nan (GRH) and GBY.
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optimizing the chromatographic conditions, we discovered
that water extraction was more efficdent than ethanolic
extraction. Our results indicate that GAS levels vary signifi-
cantly between the different varieties of G. elata Bl although
not between the different origins. Therefore, this validated
HPLC method can be effectively used for the quality control of
WGE in the development of health products in the future.
Further studies on the determinations of GAS contents from
all varieties and sources of G. elata Bl. will be worthwhile in
establishing a quality control database.
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ARTICLE INFO ABSTRACT

Article history: Ethnopharmacology relevance: Gastrodia elata Blume is a highly valuable traditional Chinese medicine
Received 5 May 2015 used in the treatment of depression. However, compounds with antidepressant effects in water extracts
Received in revised form of G. elata BL. (WGE) have not been identified. The aims of this study were to determine the major
26 janue;ry 20:‘5 antidepressant compound in WGE and to evaluate the antidepressant effects of WGE and its active
i\i‘;icll‘:;k 3n':?n£l;aary£§:uiry 2016 compounds which involved the monoaminergic system and neuronal cytoskeletal remodeling.
Materials and methods: Gastrodin (GAS) and 4-hydroxybenzyl alcohol (HBA) in WGE, were analyzed with

Keywords:
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Forced swimming test
Anti-depressant
Gastrodin
4-hydroxybenzyl alcohol

high-performance liquid chromatography (HPLC)-ultraviolet detection.

The forced swimming test (FST) was used to induce depression-like symptoms in 9 weeks old male Sprague-
Dawley rats. The open field test (OFT) was used to measure anxiety after WGE, GAS, and HBA treatments. The
levels of monoamine such as serotonin (5-HT), dopamine (DA), and their metabolites 5-hydroxyindoleacetic acid
(5-HIAA), 34-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) were measured using HPLC-

electrochemical detection. Western blotting was used to examine the 5-HT1A receptor and the neuronal cy-
toskeleton remodeling-related proteins, Slit, dihydropyrimidinase-related protein 2 (DPYSL2, also called CRMP2),
Ras homologous member A (RhoA), and profilin 1 (PEN1) in vivo. Slit1 expression was evaluated in Hs683 cell
line after treated with WGE (05 mg/mL), GAS (50, 100 and 100 pM), and HBA (50, 100 and 100 pM).
Results: Oral administration of WGE (500 mg/kg bw), GAS (100 mg/kg bw), and HBA (100 mg kg bw) ex-
hibited the anti-depressant effect by significantly reducing the immobility time in FST, monoamine me-
tabolism including the 5-HT to 5-HIAA in the hippocampus and DA to DOPAC and HVA ratios in the frontal
cortex, amygdala, and hippocampus. In the hippocampus, the expression of the neuronal cytoskeleton
remodeling-related negative regulators Slitl and RhoA were significantly down-regulated. In addition, the
positive regulators CRMP2 and PFN1 were significantly up-regulated following GAS, HBA, and WGE
treatments. Moreover, WGE, GAS, and HBA were directly down-regulated Slit1 expression in Hs683 cells.
Conclusion: WGE, GAS, and HBA exhibited potential anti-depressant effects in rats by decreasing mono-
amine metabolism and modulated cytoskeleton remodeling-related protein expression in the Slit-Robo
pathway. These results suggest that WGE can be used as agent for depressive prevention.

@ 2016 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: WGE, water extracts of Gastrodia elata Bl.; GAS, gastrodin; HBA, 4- 1. Introduction
hydroxybenzyl alcohol; HB, 4-hydroxybenzyl aldehyde; VAN, vanillin; OFT, open
field test; FST, forced swimming test; MDD, major depression disorder; 5-HT, ser- Major depression disorder (MDD) is a human psychiatric dis-
olonin; 5-HIAA, 5-hydroxyindoleacetic acid: DA, dopamine; DOPAC, 3 4-dihydrox- ease (Goldberg and Huxley, 1992) that affects more than 350
yphenylacetic acid; HVA, homovanillic acid; CRMP2, dihydropyrimidinase-related - . . ..
protein 2; RhoA, Ras homologous member A; PFN1, profilin 1; HPLC, high perfor- million people worldwide and results in a significant burden and
mance liquid chromatography; CTL, control; BDNF, brain-derived neurotrophic disruption in the daily lives of patients (World Health Organiza-
factor; MCAQ, middle cerebral artery ocdusion ) tion, 2012). MDD strongly correlates with suicide attempts (Chen
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streptomycin) and grown at 37 °C under a humidified 5% CO» at-
mosphere, Adherent cells were suspended by 1 mL of trypsin-
EDTA for 5 min at 37 °C.

2.32. Western blotting analysis

Hs683 cells were seeded at a density of 10° cells/mLin a 10 cm?
dish and were incubated for 4 h. Then, medium were removed and
co-incubation with WGE (0.5 mg/mL), GAS (50, 100, and 200 pM)
and HBA (50, 100, and 200 pM) for another 24 h. The cells were
harvested and lysed with lysis buffer containing 1 mM phe-
nylmethanesulfonyl fluoride, 1 mM ethylenediaminetetraacetic
acid, 1 pM pepstatin A, 1 pM leupeptin, 0.1 pM aprotinin, and a
combination of proteinase and phosphatase inhibitors tablets
(Roche, Diagnostics International AG, Rotkreuz, Switzerland). The
cell lysates were stored at —20°C for 1h and centrifuged
12,500 rpm at 4 °C for 5 min. The supernatant was obtained, and
protein was quantified with the Bradford protein assay method
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The supernatant
was loaded onto gels for sodium dodecyl sulfate-polyacrylamide
gel electrophoresis separation, and then electrotransferred onto
polyvinylidene difluoride membranes (EMD Millipore Corporation,
Billerica, MA, USA). After gel electrophoresis, Slitl and 5-HT1A
receptor were identified according to the method of Lin et al.
(2014).

24. Invivo study

24.1. Animals

Male Sprague Dawley rats (4 weeks old) were purchased from
BioLASCO Taiwan Co., Ltd. (Taipei, Taiwan). All animals were
housed individually in a climate-controlled room, and the tem-
perature and humidity were maintained at 23 + 2 “C and 60 + 10%,
respectively. The animals were exposed to a 12-12 h light-dark
cycle from 10 p.m. to 10 am. Free access to water and food was
provided daily. Each animal and its water and food were weighed
every mormning and recorded before oral gavage. The rats were
randomly separated into the following four groups (10 rats/group):
control (CTL), WGE, GAS, and HBA. After 2 weeks of habituation,
oral administration of the treatments was initiated and continued
for 21 days with a 1% carboxymethyl cellulose aqueous solution, or
1% carboxymethyl cellulose aqueous solution containing WGE
(500 mg/kg bw), GAS (100 mg/kg bw), or HBA (100 mg/kg bw).
Animal behavior was examined as described below and in Fig. 1.
The animal protocol was reviewed and approved by the Institu-
tional Animal Care and Use.

Committee of National Taiwan University, Taiwan (Approval
Number: NTU-101-EL-123). The protocol complied with the
guidelines described in the “Animal Protection Law,” amended on
June 29, 2011, Hua-Zong-(1)-Yi-Tzi-10,000,136,211, Council of
Agriculture, Executive Yuan, Taiwan.

24.2. Open field test (OFT)

The OFT was conducted in order to measure the spontaneous
locomotor activity in rats (McCarthy et al, 1995). Briefly, each rat
was placed individually in the center of a black plexiglass appa-
ratus (57 cm wide x 76 cm long = 35 cm high), as a bright light
was turned on over the field. The rats adapted to the apparatus in
the 1st OFT. The formal test (2nd OFT) was performed on the 19th
day (Fig. 1). The rats explored freely for 5 min. All test sessions
were recorded with a DVD recorder. The open-field apparatus was
divided into central and peripheral areas. The bouts (the number
of segments crossed with all four paws), distance (cm), and velo-
city (cm/min) in the central and peripheral areas were further
analyzed with TopScanLite™ v2.0 software (CleverSys, Inc., Reston,
VA, USA).
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Fig. 1. Schematic diagrams represent design for studying anti-depressive-like ac-
tivity of WGE by using FST animal model. OFT: open field test; FST: forced swim-
ming test; CMC: carboxymethyl cellulose; WGE: water extract of Gastrodia elata Bl.;
GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.

24.3. Forced swimming test (FST)

The FST was conducted according to the previously standar-
dized and validated animal model protocol (Porsolt et al., 1979). As
shown in Fig. 1, the FST is a 2-day procedure in which rats swim
under specific conditions. On the first day (the 20th day), one rat
was placed into a cylinder (35 c¢m tall with a 30 cm diameter that
was filled with 204 1 cm of water at 25+ 1 °C) for 15 min, sub-
sequently removed from the water and dried with towels. All rats
repeated the test session for 5 min within 24 h (the 21st day)
following the first session. The behavior of the rats during the FST
was video recorded and the films were analyzed with For-
cedSwimScan™ software (CleverSys, Inc.) in order to calculate the
duration of immobility.

24.4. Brain sample preparation

Each rat swam for 5 min following the second session of FST
and was wiped dry as soon as possible. Then, the rat was placed
into an apparatus (20 cm wide x 32 ¢m long x 16 cm high, made of
transparent plexiglass) and was deeply anesthetized with low flow
rate of COz (20 + 5% volume/min). We pinched the foot of the rat
to confirm the effect of anesthesia and sacrificed by decapitation
later. The brains were removed, and the frontal cortex, hippo-
campus, striatum, and amygdala were immediately dissected ac-
cording to the procedure outlined by Glowinsk and Iversen (1966).
Four sections of the brain tissue were stored at — 80 °C until fur-
ther analysis. The frozen tissues were divided into two parts. One
tissue sample was used for the monoamine metabolism analysis,
and the other for western blotting.

24.5. Monoamine concentration analysis with the HPLC-electro-
chemical detector

We performed the HPLC analysis according to the method de-
scribed by Hao et al. (2013). The brain tissues were homogenized
in 800 pL of 0.1 N HCl ice-chilled containing 10~ 7 M ascorbic acid,
1.5 mg/100 mL pargyline, and 50 pg/pL isoproterenol for 30 s. The
samples were centrifuged (10,000 rpm for 30 min), and the su-
pernatants were filtered (0.45 um) and subjected to HPLC in order
to analyze monoamine metabolism. Each working standard solu-
tion (DA, DOPAC, HVA, 5-HT, and 5-HIAA) was prepared with the
same method as that used for the homogenized solution.

HPLC was coupled with an electrochemical detector [Antec,
(USA) LLC, Boston, MA, USA; 10 nA range, 1 Hz filter, and 0.511V
AppE cell] and a L2200 autosamper (Hitachi, Ltd., Tokyo, Japan).
A SPOLAR C18 column 4.6 x 250 mm i.d., 5 um particle size; Shi-
seido Co., Ltd., Tokyo, Japan) and Alltima C18 guard column
(75 x 46 mm id., 5pum particle size; W. R. Grace & Co., Columbia,
MA, USA) containing 0.17 m NaH:PO4, 0.63 mM ethylenediami-
netetraacetic acid, 0.6 mM octane-1-sulfonic acid sodium salt,
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2 mM K(Cl, and 20% methanol were adjusted to a pH of 3.11 with
H;PO4. The flow rate was 0.5 mL/min, the oven was set to 35 °C,
and the injection volume was set to 20 pL. The working standard
solution and samples were injected into the HPLC system, and the
peaks were analyzed with PeakABC (Great Tide Instrument Co.,
Ltd., Taipei, Taiwan).

24.6. Western blotting

The frozen brain tissues were ground to powder and dissolved
in lysis buffer containing 7 m urea, 2 m thiourea, 65 mM dithio-
threito, 4% CHAPS, and a combination of proteinase and phos-
phatase inhibitors tablets (Roche, Diagnostics International AG,
Rotkreuz, Switzerland). The samples were centrifuged at
18,000 rpm for 2 h at 4 °C (Lai et al., 2014). The protein quantities
and gel electrophoresis were following the method as described in
Section 2.3.2. After gel electrophoresis, Slit1, Slit2, RhoA, CRMP2,
PFN1, and 5-HT1A were identified according to the method of Lin
et al. (2014).

2.5. Statistical analyzes

The following statistical analyzes were used. In order to analyze
food consumption, water consumption, bodyweight, OFT results,
and immobility duration in the FSTs, one-way analyzes of variance
and Duncan’s multiple range tests were used to compare multiple
groups. The variances of immobility duration differed significantly
among the compared groups. P values less than 0.05 were
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considered significant in these analyzes (* and ® denote significant
difference if the same letter is not shared). In order to analyze the
levels of monoaminergic neurotransmitters and western blotting
results, one-way analyzes of variance and Dunnett's multiple
comparison tests were used to compare the CTL group and other
groups. Pvalues less than 0.05 were considered significant in these
analyzes (* denotes p < 0.05, ** denotes p = 0.01, and *** denotes
p<0001). In all of the analyzes, the relevant symbols or hor-
izontal lines represent the mean, and the error bars represent the
standard deviation.

3. Results
3.1. Quantitative analysis of GAS and HBA in WGE

The HPLC chromatograms of four reference standards (GAS,
HBA, HB, VAN) and WGE are shown in Fig. 2. The contents of GAS
and HBA, the major compounds in WGE, were determined to be
30.30 mg/eg and 143 mg/g respectively (Fig. 2B).

32. Effects of WGE, GAS, and HBA on body weight and daily intake of
water and food

Wiater intake (Fig. 3A), food intake (Fig. 3B), and body weight
(Fig. 3C) did not differ (p> 0.05) among the CTL, WGE, GAS, and
HBA groups after 21 days of oral administration. These results
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Fig. 2. HPLC chromatogram (A) of GAS (1), HBA (2), HB (3), and VAN (4) (50 mg/L) standard; HPLC chromatogram (B) of WGE (2500 mg/L) GAS: gastrodin, HBA: 4-hy-
draxybenzyl alcohol, HB: 4-hydroxybenzyl aldehyde, VAN: 4-hydroxy-3-methoxybenzaldehyde, WGE: Water extract of Gastrodia elata Bl.
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Fig. 3. Effects of WGE, GAS, and HBA on water intake (A), food intake (B), and body weight (C) in SD rats. Each value represents means + SD (n=8-10). WGE, GAS, and HBA
were administered once daily for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100 mg/kg bw), and HBA (100 mg/kg bw). Data were not significantly different
(p=0.05) from each other according to ANOVA. CTL: control; WGE: water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.

indicated that WGE, GAS, and HBA did not affect the growth and
nutrition intake of the animals (Fig. 3).

3.3. Animal behavior

3.3.1. Locomotor activity in the OFT

OFT is commonly used to assess the sedative, toxic, or stimu-
lant effects of compounds by measuring the exploratory behavior
and general activity in rodents (Gould, 2009). The anxiety behavior
of rats was evaluated during 5 min of the OFT. Table 1 shows the
data for the bouts (count), distance (cm), and velocity (cm/min),
which were used to evaluate anxiety. These factors did not differ
(p = 0.05) among the CTL, WGE, GAS, and HBA groups. It indicated
that GAS and HBA have no effects on the spontaneous locomotor
activity and animal behavior on rats.

3.3.2. Immobility time in FST

The FST is used to induce depression-like symptoms in animal
models. Analysis of the immobility time during the FST can be
used to evaluate the level of depression-like behavior in rats. Fig. 4
shows that the immobility times in the FST in the CTL, WGE, GAS,
and HBA groups were 1296, 71.9, 834, and 68.8 5, respectively,
and these values differed significantly (p < 0.05) among different
treated-groups. The oral administration of WGE, GAS, and HBA for
21 days notably decreased the immobility time.

3.4. Regional brain monoamine turnover

Fig. 5 shows the 5-HIAA/5-HT turnover rates in the rat brains,
and Fig. 6 presents the turnover of DA in the rat brains. Notably,
the 5-HIAA/5-HT turnover rates were significantly decreased
(p =0.001) in the hippocampus in the treatment groups compared
with the CTL group. The metabolism speed of DA was decreased in
the frontal cortex (p = 0.001 for WGE and GAS, and p < 0.05 for
HBA), hippocampus (p < 0.001 for WGE, p<0.05 for GAS, and
p=0.001 for HBA), and amygdala (p < 0.001) following the oral

Table 1
The effects of WGE, GAS, and HBA on the bouts, distance, and velocity of rats in
locomotor test in OFT.

Group Dose (mg/kg bw) Bouts (count) Distance (mm) Velocity (mmys)

CTL 32+1 17,758 44583 358476
WGE 500 33410 15,782 46354 324 4127
GAS 100 33+1 16,597 + 4861 349 490
HBA 100 32+10 15,841 +4667 331 +120

Data are expressed as the means + SD (n=28-10). Rats were gavaged with the fol-
lowing samples: WGE (500 mg/kg bw), GAS (100 mg/kg bw), and HBA (100 mg/kg
bw). Data were not significantly different (p > 0.05) from each other according to
ANOVA. CTL: control; WGE: Water extract of Gastrodia elata Bl.; GAS: gastrodin;
HBA: 4-hydroxybenzyl alcohol

200

150 -

100

50 -

Immobility duration (s)

CTL

WGE GAS HBA

Fig. 4. The effects of WGE, GAS, and HBA on the immobility time of rats in FST. Data
are expressed as means + SD (n=8-10). All samples were administered once daily
for 21 days by oral gavage. WGE (500 mg/kg bw), GAS (100 mg/kg bw), HBA
(100 mg/kg bw).ab data not sharing the same letter are significantly different from
each other (p < 0.05) by ANOVA and Duncan's multiple range test. CTL: control:
WGE: water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA: 4-hydroxybenzyl
alcohol.
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Fig. 5. The effects of WGE, GAS, and HBA on the serotonin turnover (5-HIAA/5-HT ). Data are expressed as means + SD {n=8-10). All samples were administered once daily
for 21 days by oral gavage. WGE (500 mg/kg bw), GAS {100 mg/kg bw), HBA 100 mg/kg bw). ***p < 0.001 (according to the one-way ANOVA coupled with Dunnett's multiple
comparison test) compared with CTL group. CTL: control; WGE: water extract of Gastrodia elata Bl.; GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.

administration of WGE, GAS, and HBA. These results indicated that
WGE and its active compounds maintained monoamine levels in
the rat brains following the FST.

3.5. Altered 5-HTIA receptor expression in the brain of rats

We further investigate whether 5-HT1A receptor would be
modulated after all treatments. As shown in Fig. 7, the expression
of 5-HT1A receptor was elevated significantly in the GAS (p < 0.01)
and HBA (p <= 0.001) groups compared with the CTL group in the
hippocampus, but not in the frontal cortex.

3.6. Regulation of the neuronal cytoskeletal remodeling proteins
related to the Slit-Robo pathway

A link between the expression of the regulators in the Slit-Robo
pathway and depression are shown in the western blotting results
in Fig. 8. The negative regulators (Slit1, 5lit2, and RhoA) and positive
regulators (CRMP2 and PFN1) were analyzed in the frontal cortex
and hippocampus. Fig. 8A shows that all treatments do not affect
the regulators of Slit-Robo pathway in the frontal cortex. In contrast,
incremental changes in the expression of CRMP2 and PFN1 were
observed in the hippocampus (Fig. 8B) Rats gavaged with WGE,
GAS, and HBA exhibited a significant up-regulation in CRMP2
(p<0.05) and PFN1 (p < 0.05, p<0.01, and p < 0.05, respectively)
expression and a significant down-regulation in Slit1 (p < 0.01,
p < 0.001, and p < 0.001, respectively) and RhoA (p < 0.01, p < 0.001,
p < 0.001 respectively) expression in the hippocampus.
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3.7. Effects of WGE, GAS, and HBA on Slit1 expression in Hs683

SLIT family of genes have been implicated in specific cancers
and have been suggested to have a restricted pattern of expression
in normal cells. Rossi et al. (2005) investigated the extent and
distribution of the expression of these genes in cancer cells. Hs683
is one of tumor cell types confirmed that possess Slitl expression.
Therefore, Hs683 was evaluated that Slit1 expression after all
treatments. Fig. 9 shows that Slit1 was significantly down-regu-
lated after co-cultured with WEG (p < 0.01), GAS (50, 100, and
200 uM; p < 0.01), and HBA (100 and 200 pM; p < 0.01).

4. Discussion

This study demonstrated that WGE and its active compounds,
GAS and HBA, caused anti-depressant effects. WGE and its com-
pounds decreased the immobility time in the FST and did not in-
duce anxiety in the OFT (Table 1). In the monoamine analysis,
WGE, GAS, and HBA decreased the turnover rate of monoamine
metabolism and influenced the dopaminergic system in the hip-
pocampus. In the western blotting results, the three treatments
changed the expression of neurocytoskeletal remodeling proteins
in the Slit-Robo pathway to increase neuroplasticity. Taken to-
gether, WGE, GAS, and HBA are potential antidepressant treatment
candidates.

WGE ameliorated depression-like behavior in rats in the FST by
decreasing the monoamine metabolism (Chen et al., 2008, 2009)
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Fig. 6. The effects of WGE, GAS, and HBA on the dopamine turnover ({DOPAC+HVA)/DA). Data are expressed as means + SD (n=8-10). All samples were administered once
daily for 21 days by oral gavage. WGE (0.5 g/kg bw), GAS (100 mg/kg bw), HBA (100 mg/kg bw). *p < 0.05, **p < 0.01, ***p < 0.001 (according to the one-way ANOVA coupled
with Dunnett's multiple comparison test) compared with CTL group. CTL: control; WGE: water extract of Gastrodia elata BL: GAS: gastrodin: HBA: 4-hydroxybenzyl alcohol.
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Fig. 7. Western blotting analysis of 5-HT1A receptor in frontal cortex (A) and
hippecampus (B). (n=8-10). The value on the bottom of each group and the chart
images represent the ratio of expressed levels, which were normalized with the
expression of GAPDH and relative to the C group. **p<0.01, ***p <= 0.001 (ac-
cording to the one-way ANOVA coupled with Dunnett's multiple comparison test)
compared with C group. CTL: control; WGE: water extract of Gastrodia elat BL;
GAS: gastrodin; HBA: 4-hydroxybenzyl alcohol.

and down regulating the Slit-Robo pathway in order to increase
neuroplasticity (Lin et al, 2014). Although few studies have in-
vestigated the active compounds that ameliorate depression, this
study investigated the contribution of the active anti-depressant
compounds in WGE. GAS and HBA separation was conducted with
gradient elution in reversed-phase HPLC. Compared with the re-
sults obtained from HPLC under isocratic conditions in Lin et al.
(2014), our HPLC gradient analysis method was more efficient and
had a higher resolution. From our early study, GAS and HBA were

existed in WGE, which be extracted by ourselves (Chen et al,
2015). According to Hsieh et al. (1997), GAS and HBA are the pri-
mary bio-active compounds in G.elata Bl. Both GAS and HBA fa-
cilitate memory consolidation and retrieval during passive avoid-
ance tasks in rats (Hsieh et al, 1997). Therefore, we hypothesized
that GAS and HBA are priority candidates as antidepressant agents
that decrease monoamine metabolism and down-regulate the Slit-
Robo pathway. In our pilot studies, we calculated the quantities of
GAS and HBA, which would be administered to rats. Unfortunately,
the gavaged dosage of GAS and HBA could not decrease immobility
time in the FST (data not shown). To the best of our knowledge, the
range of oral dosage of GAS and HBA is from 60 to 400 mg/kg bw
(An et al., 2003; Cai et al,, 2008; Zhang et al., 2014; Xie et al., 2007)
and 25-100 mg/kg bw (Yu et al, 2010; Lim et al, 2007), respec-
tively, in animal experiments. GAS (100 and 200 mg/kg bw) im-
proved neurogenesis in the hippocampus of SD rats through up-
regulation of BDNF expression under chronic unpredictable stress
(CUS) (Zhang et al.,, 2014). We hypothesized that GAS would pro-
mote neuroplasticity with a reasonable dosage of 100 mg/kg bw.
On the other hand, no research study has indicated the anti-de-
pressant effects of HBA. The dosage of HBA used was 100 mg/kg
bw (Lim et al., 2007).

There are three kinds of neurotransmitters, classified as amines,
neuropeptides, and gases. Amines are further divided into three
types, quaternary amines, monoamines, and amino acids. Since
monoamines have a significant impact on the regulation of mood
and emotion (Van Praag, 1982; Hughes et al., 2004), most research
studies on about the monoamine hypothesis of depression have
focused on the metabolism of serotonergic and dopaminergic
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Fig. 8. Western blotting analysis of the regulators in the Slit-Robo pathway in frontal cortex (A) and hippocampus (B). (n=8-10). The value on the bottom of each group and
the chart images represent the ratio of expressed levels, which were normalized with the expression of GAPDH and relative to the C group. “p = 0.03, **p < 0.01, ***p < 0.001
(according to the one-way ANOVA coupled with Dunnett's multiple comparison test) compared with C group. CTL: control; WGE: water extract of Gastrodia elata Bl; GAS:

gastrodin; HBA: 4-hydroxybenzyl alcohol.

GAS HBA
CTL WGE 50 100 200 50 100 200 kDa

100 0.70%* 0,73 0.72%* 0,73** 0.91  0.,72** 0.70**

Fig. 9. Effects of WGE. GAS, and HBA on the expression of Slit1 in Hs683 for 24 h.
(n=3). The value on the bottom of each group and the chart images represent the
ratio of expressed levels, which were normalized with the expression of GAPDH
and relative to the C group. **p <0.01 (according to the one-way ANOVA coupled
with Dunnett's multiple comparison test) compared with C group. CTL: control;
WGE: water extract of Gastrodia elata BL; GAS: gastrodin (50, 100, and 200 sM});
HBA: 4-hydraxybenzyl alcohol (50, 100, and 200 pM).

systems. According to our FST results, oral supplementation of
WGE, GAS, and HBA for 21 days significantly reduced the im-
mobility time (Fig. 4). As shown in Figs. 5 and 6, we found that
WGE and its active compounds influence the DA turnover rate
more significantly than the 5-HT turnover rate, as reported in
previous studies (Chen et al., 2008). Fig. 5 shows that WGE and its
active compounds, GAS and HBA, decreased the turnover rate of
5-HIAA/5-HT in the hippocampus. In addition, the turnover of DA
in the frontal cortex, hippocampus, and amygdala were decreased
after treatment with WGE, GAS, and HBA (Fig. 6). Monoamine
metabolism is influenced by regulation of monoamine receptors
(Hsieh et al., 1998; Guo et al, 2013; Wang et al, 2014), mono-
amine-synthesizing enzymes activity (Davis and Carlsson, 1973;
Shin et al, 2011), and monoamine oxidase activity (Riederer and
Youdim, 1986). 5-HT1A receptor, one kind of 5-HT receptors could
promote 5-HT release. Accordingly, our result indicated that
5-HT1A receptor expressions were significantly increased in the
hippocampus after oral supplementation of GAS and HBA (Fig. 7B).
It may be a pathway for maintain the concentration of 5-HT in the
brain by promoting 5-HT release. The phenomenon also found in
some studies that GAS and HBA may increase the sensitivity of
5-HT1A receptors, thereby promoting 5-HT release (Hsieh et al.,
1998; Guo et al, 2013). Tyrosine hydroxylase is a key enzyme re-
sponsible for DA synthesis. Following our other reach results (data
not shown), WGE and GAS up-regulated tyrosine hydroxylase ex-
pression in rat pheochromocytoma cell line. Elevation of synthesis

was the possible mechanisms to explain the lower DA turn over in
treatment groups. Moreover, WGE and GAS directly inhibited the
activity of monoamine oxidase A to degrading monoamine neu-
rotransmitters in rat pheochromocytoma cell line (data not
shown). Based on previous reports and our present results, we
speculate that monoamine receptors, monoamine-synthesizing
enzymes, and monoamine oxidases might play a role in the ac-
tivity of WGE, GAS, and HBA.

Neurotrophic and cellular plasticity in the brain have a high
correlation with bipolar disorder (Soeiro-de-Souza et al, 2012).
GAS was demonstrated to reverse depression-like behaviors in rats
exposed to chronic mild stress and restored the expression of
neurotrophic factors, glial fibrillary acidic protein and brain-de-
rived neurotrophic factor (BDNF) in the hippocampus (Zhang et al.,
2014). HBA is well known to exert neuroprotective effects against
transient focal cerebral ischemia in rats by up-regulation of neu-
rotrophic factors, such as BDNF, glial cell line-derived neurotrophic
factor, and myelin basic protein in a middle cerebral artery oc-
clusion (MCAO) animal model (Yu et al., 2010; Kam et al,, 2011).
Based on the concept of cellular plasticity, which connect our
previous proteomic results, GAS and HBA may have contributed to
anti-depressant effects through the regulation of cytoskeleton re-
arrangement through the Slit-Robo pathway.

The Slit-Robo pathway is well known to be important in neu-
ronal growth, and alters the cytoskeleton of neurons in order to
modify the axon growth cone or dendritic dynamics (Whitford
et al, 2002). Some studies have indicated that suppression of
neuroplasticity is highly correlated with the Slit-Robo pathway,
and the down-regulation of the Slit protein promotes neuroplas-
ticity (Lin and Isacson, 2006; Borrell et al., 2012). The Slit proteins
are secreted by glial cells along the midline of the central nervous
system, and bind to Robo receptors expressed on crossing axons
(Lin and Isacson, 2006; Dickinson and Duncan, 2010). From our
early bioinformatics result, WGE affected the neurocytoskeletal
rearrangement, which was associated with neuroplasticity. The
identified proteins from the two-dimensional gel electrophoresis
were associated with the actin filament, microtubule, and neuro-
filament. Some actin related proteins of the Slit-Robo pathway
such as Slitl, CRMP2, RhoA, and PFN1 were significantly impacted
following WGE treatment (Lin et al., 2014).
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Our western blotting results showed effects of not only WGE
but also for GAS and HBA. The neuronal cytoskeleton remodeling-
related factors, Slit1 and RhoA, were decreased in the hippo-
campus (Fig. 8B), but not in the frontal cortex (Fig. 8A). Kaneko
et al. (2010) found that Slit1 was secreted from new neurons,
which migrated in adult mammals. The evidence supported that
only Slit1 and not Slit2 would be influenced. Therefore, we con-
ducted an experiment using Hs683 cells, oligodendroglioma cell
line, as an in vitro model to investigate whether WGE, GAS, and
HBA could inhibit Slit1 secret. Since 0.5 mg/mL WGE contented 3%
GAS, the dosage of GAS in cell culture was applied with 50, 100,
and 200 pM. HBA was also evaluated with the same dosage range.
As shown in Fig. 9, Slit1 was significantly down-regulated under
WGE, GAS (50 pM, 100 pM, and 200 pM), and HBA (100 pM and
200 M) treatments. According to our findings, WGE, GAS, and
HBA inhibited the expression of Slit1 directly. RhoA is also in-
volved in the Slit-Robo pathway. The down-regulation of RhoA
promotes neuroplasticity (Sin et al., 2002; Lin et al.,, 2014). More-
over, the incremental expression of the positive factor, CRMP2, was
found in the hippocampus in all the treatment groups (Fig. 8B).
CRMP2 is enriched in the growing axons of hippocampal neurons
(Inagaki et al., 2001; Fukata et al., 2002; Yoshimura et al., 2006).
Yang et al. have indicated that CRMP2 is down-regulated in a de-
pression-induced animal model (Yang et al., 2013). Similar to the
CRMP2 results, the expression of PFN1 was increased in the hip-
pocampus after the administration of WGE, GAS, and HBA (Fig. 8B)
but not in the frontal cortex (Fig. 8A). PFN1, which is a member of
the PFN family member, has been described as a regulator of
multiple processes, including various cellular processes (cytoske-
letal dynamics, membrane trafficking, and nuclear transport),
neuronal differentiation and synaptic plasticity, and has properties
proposed for a synaptic tag (Birbach, 2008). In a pathologic report,
PFN1 exhibited a distinct proteome fingerprint in the brain tissues
of patients with MDD (Martins-de-Souza et al., 2012). WGE in-
creased the expression of positive regulators, such as PFNI, in a
FST animal model (Lin et al, 2014).

According to our findings, the effects varied among WGE and
its components, Bioavailability is a key point to explain the phe-
nomenon. WGE has been found to reduce immobility time in the
FST in our previous studies (Chen et al., 2008). However, the ga-
vaged dosage of GAS and HBA which are equal quantities to that in
WGE could not decrease immobility time in the FST (data not
shown). Nonetheless, the higher dosages of GAS (100 mg/kg bw)
and HBA (100 mg/kg bw) significantly reduced immobility time
and modulated Slit-Robo pathway. Since the bioavailability of GAS
is 14.2% (Lin et al., 2007; Jia et al., 2014), it can explain that low
dosage of GAS and HBA do not reduce immobility time in the FST.
Moreover, we further performed an in vitro cell showing that
0.5 mg/mL WGE, which content 50 pM GAS, reduced Slitl ex-
pression in HsG83 cells. The similar results were found in 50 pM,
100 pM, and 200 pM GAS and 100 pM and 200 pM HBA. Based on
these evidences, the low concentration of GAS or HBA could not
notably affect immobility time as WGE in FST. Therefore, the anti-
depressant effect of WGE may be exerted by the lower amounts of
active compounds including GAS and HBA.

5. Conclusion

Based on our behavioral and monoamine analyzes, WGE and its
compounds, GAS and HBA, decreased the immobility time in the
FST and turnover rate of monoamine metabolism. In particular,
GAS and HBA influenced the dopaminergic system more than the
serotonergic system. In the neuroplasticity analysis, WGE, GAS,
and HBA down-regulated the Slit-Robo pathway, which modulated
the cytoskeleton remodeling-related processes in  the
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hippocampus. The decreased monoamine metabolism and altered
cytoskeleton remodeling-related proteins in the Slit-Robo path-
way may be possible mechanisms behind the anti-depression ef-
fects of WGE and its compounds. These findings demonstrated
that GAS and HBA contributed to the antidepressant effects of
WGE, and suggested that WGE is a suitable complementary
treatment for depression.
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