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Abstract: Objective To study the learning and memory enhancement effect of fresh Gastrodia elata (FG) on deficits induced by
sleep interruption (SI) in mice. Methods The contents of gastrodin and p-hydroxybenzyl alcohol in FG were determined by HPLC,
and the content of polysaccharide were determined by phenol-sulfuric acid method. Then the learning and memory enhancement
effects of FG on sleep deficits induced mice were studied. A total of 60 ICR male mice were randomly divided into the control group,
the SI model group, the modafinil group, and the FG groups (3 and 9 g/kg). The mice were sleep interrupted continuously for 14 d,
behavioral tests were performed by using open field test, novel object recognition (NOR) experiment, Morris water maze (MWM) task,
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and passive avoidance method. The levels of SOD and MDA in the serum and the hippocampus, Ach, Glu and NE in the
hippocampus were measured. Results There were no significant changes in locomotor activities among all groups. Compared with
the control group, the discrimination index (DI) of SI model group in NOR was decreased significantly, the longer escape latency in
MWM was observed in SI mice group, in passive avoidance test the errors times increased and the latent period decreased. In
addition, the levels of MDA in the serum and the hippocampus were increased, while the contents of SOD, Ach, Glu and NE in the
serum and the hippocampus were decreased significantly. In comparison with the Sl group, FG (3 and 9 g/kg) treatment markedly
enhanced the discriminative ability by elevating DI in NOR, improved the acquisition and retention of spatial memory by decreasing
escape latency, decreased the errors times, and prolonged the latency time in passive avoidance test. Administration of FG
significantly reduced the elevated MDA level in the serum and the hippocampus and raised the reduced SOD, Ach, Glu and NE
levels in the hippocampus. Conclusion The results reveal that FG treatment can improve Sl-induced learning and memory
impairments, and ameliorate oxidative stress damage and raise neurotransmitter content. FG is a potential traditional Chinese
medicine for improving learning and memory impairments.

Key words: fresh Gastrodia elata Bl.; sleep interruption; learning and memory; oxidative stress; neurotransmitter; gastrodin;

p-hydroxybenzyl alcohol

KRR T ZRHEY) R Gastrodia elata Bl.
MERzZE, ARERES Y —, BAEXIEE. P
FIRTBH « 4 B 25 1K Th ko Ho N e Pl A 7 00 1 (O
2 “RRAMRE S, KO, &l fl AR
AFERER G, H27. IHE R H R KRR
WZGREE R, OB . (B2, X TEERBRT
ZHERMLHITF T . DR, AR SIZB6 R A S =5 i
S ST ) R ATV B IR T PO AR gt i/ B 27 > A2 B
5, B FCHE R BRAE BRI TR0 R % 21 2 A A
R ZIRAER, B R IRREE 5 e 1A =
an (1T R AR AR -
1w
1.1 KRN

SPF 2% ICR /MR, 1A 21~23 g, HEPE (il
CN e RS e SO g A DN IS Bl
dE@ R RIS A F], YFA[IES SCXK (F)
2016-0006 . S5 A (] M 77 T [ = 22 R 5 B 24 FH AR
VIt SR SPF RIS AN 55 » Vi RTIES SYXK (50
2018-0020, H HALLA bRAEERIFIE i H KK, G
BFIE 12 h/12 h OB/, =R 22~25 C, WE%
4 (554100 %. SEEGHTIE N PERESE 3d.

1.2 Zh%t

R JBR 245 M RE T 2018 4F 11 H RAET 91|
J7 G, HHRCHR R 24 K A RO R 24 2 Bt B OB
% e NEREYI R Gastrodia elata BI. [T
i P22,

1.3 {42

HEAR A B 053 SER A I 23 B Ab 3 R 4

Morris ZKIEE T, PRI FISLIOSE B . B 5L

IS WU 7 A R I N AR S8 = 5 G AR i KR
BIRAF S QOFERME (B AR A SR
Agilent 1200 ZY = RGH AR A A (FC B G1322A A &F
TELEIANL. GL311A DY ehh R G1329B H it
FEAX. G1315C MREREAIANIAE . G1316A FEif
#). Agilent Cary100 A2 55 4b-1] WA 6 H AN,
%[ Agilent A7]; Q-Trap 5500 B4 Fi i/ #r{X (£
[E AB Sciex A #]); TSK Gel amide 80 &4+ (150
mmXx2.0 mm, 3 um), HZA Tosoh A#]; Varioaka
Bk 2 I6EEEFRA (25 Thmero Scientific A #));
BSA224S FU 1K T, BP211D AlHL 7R (Jb5t
TRERMB A EA IR AT D); DZKW-4 H-FEE
KR AEE AR A TR A FD .
1.4 #A@5EFH

Tk 4EE (Aladdin, #it'5 E1723133, &4
$=>98%); HEELEE (SOD). N (MDA)
WA &I T/ A TR AT LBH
Bl CAch) . 2% 2 (Glu). 3,4- ¥ 3L it (DHBA,
WhR IS) ¥ E Sigma A& xf RS2 B B iR
7 (NBE) T [E & 2y ik e ot 7ibe s x) R
KERZE (b5 11807-200205, J5i &> $1=98%).
KHEFL IR R (LS H20806, [ & 4% =98%)
4+ Sigma-aldrich 2 & ; X /& & D-J5 7K 7 4 ki (it
5 CHB171220) Iy s #8 v i& B A VR A IR A
Al HEE (mifaiD. O (fmigal, LC-MS D,
Merck ~ s HERE (Ortrsi). HER (Bika,
WIRER (rbralD. KBy (g T Ibaife
T K5 (faifali, HPLC ), £ Fisher 24
Al 4K



¢ %% Chinese Traditional and Herbal Drugs %551 % %5 93§ 202045 A

« 2511 -

2 FHiE

21 HRAIBRUFRSNE

211 FESVRER EERBRVLRETIRRT, BN

Bl TN 2~3 528KV, oAniEd . BgiEin

A2 f5EK, BEE LR, RIEHHT TS BUTHRT

—20 CA¥% 12h, TAGETIEIA G T,

212 fhEERIE S (CREZ ) 2015 R

—EB R RIA T 0 E Bl v, I A R RR R KRR

RA PR S . KRS S & I 4 5K

5 = AT S O AN, A S e A (O

E 25 ) 2015 RIS BT R &

22 TERSKY
¥/NREEHL A 5 4, & 12 H, IERIRER

Ko BEIRR FH I FC i BSAE 4 T IR AR 2 1 gimL, 452

FI S 2 R IRAL G0 7 B SCRRARIE R, 56t R 4 R4S

RN ig SEARFAZRIEK, BHPEZSEIAIE)E (100

mo/kg) FIEERFRAC. =flE (3. 9 glkg) 4/

ig 48 TAHN 259 T/ RIRT R 2, 42 F 20

mL/kg, #ER 1R, 4524 27d.

2.3 REERFIUEREHIE

FA R BRAR T A0S T/ B2 212 S
SIS S IR SCHRIRIER], REIER 3d (BEiE0R 1
Bl/min, &% 1 E{RE 2min, 3hd) J5, &R
14d, ERERIFEIN ig 4525, /N RAEREIR T4 T
H R ERK.

T4 15 K (481000 JFah, #SHATHIRAT
NI o MR IAT A FE RS, SR/ R
BRI TP . Witk T AT N AR I 45
17 2L 12 d.

2.4 ITARZEEM

241 HEFED) () 928 REIRTINE 15 K,
T Ik 2237 SIS RS I 250t /N B R TE SR . 45
24 60 min J&5, /N RN ZIMRFE K — 0 E T
MARFEH g, bR A HEN TS5 3 min, A
Ja HUEIES% 10 min /NG E R3S shE L. @il
AL WS BT B RS 2 D L BRI R bR .
2.4.2 CEYIMAIRGISRLS  BEIR TS 16~18 Kt
AT RN SR8 R G R, 56 19 RIFFATIN.
HAR RN A E S AR S0 = /T AR 720770, sk
BT UEHT 60 min 452« /N 201468 77 AR
wEE (DD .

DI=(Ta—Te)/(Ta+T)

To I Te 22 BUZER 5 min /N B A IR 6 7]

243 JKKREE BEIRTIEE 20~24 RKFETK
BRESEG . SEIR S Morris KK B 4 iy R8T
et I /IS B 2 ) 2 TR A2 68 0, e AT 5 d.
Y525 60 min J5 TSI . JKIR 24~26 C, KK
FEEEE—NRBA, FET KT 1~15cm, 4
T/ 90 s BT )G, ZE/NRAZKRETRIA K
JEHRE A& FAEE 10 s. RGN R E]
SEERTE (FEERID, TR d 2R
244 ERTSZLG  HS 25~26 KT IRERE SN . SR
A SEEG == BT AR 7 R, 4525 60 min 5, ¥R
AN BT T ERN, &M 3 ming {4
i, 44T 0.5mA (5) [, F£2%:>] 5 min,
WEWGIRAF SIS 24 h J5, BT B IR SE58, 4524 60
min J5, F/NEIZETT B ERAN, i3 5 min
PN R R R B NS = AT AR S F e
25 /RIMFFNLELENHF

MEARTHEEE 27 K, 4% 1h 5, #HATHUM, /)
BRETUAE I F AR B8, AR 2 BOR g 4 4. AT
4 CHE 4N, 4 CIRIESOE, 2BUiiG. /&
TE AR i it 2 ZH 238 647 F—80 CHpll.
2.6 SLNBIBFRAIEIE RKFMNE

FAL R L SOD Hil MDA & & kA7 1, Ho il
TE TR G UL 54T . #iZ38)5 Achy Glu Fil NE
KP4 AR S8 = A B S 1) 7 v e
27 Gt

FEFH SPSS 21.0 #AEXT/NERAT AR A Rk T 4t
THHT, G5 X s RoR o KR E AR 1K &%
PRIV IR 2 27 Z 0. e i H AT
S R R SR 307 2 i, &SR A 22 Rt
LSD analysis #E/TH L. ZNERAT R 2E T SE
JH GrapPad Prism software 5.0 2] [ 3 .
3 #R5TS
31 BHRMUERTRIENE

i RBRAT ST RIRE, A R A F2 4
7K LR R = 0 B0 A 1.223%F1 0.008%., B fif
R B R R R A R B oK F I ) S B0 1.231%, 737
A CREZGHL) 2015 FR R R AL T TR S R
JFR 2% I 2 35 2 H R () R B AN 15D T 0.25% 9 B
TE o FAMNAFEE R R BE IR B 50N 3.01%. X HE
SR R BRAE i HPLC B3 L 1.
3.2 WERMITEEIRTHAZEN R B EIEsHIRN

M 2 ATCUE Y, BEAR 405208 B2 31
B EE . IE85h BB AR RO B2 A S VR /b, 1l B



+ 2512 - ¢ %% Chinese Traditional and Herbal Drugs %551 % %5 93§ 202045 A
A 2 HRAS /& 2= R S & B, (B A IR S5 1 22 7

i)

1

20 25

.

t/mln

L-RIKE  2-X R R
1-gastrodin  2-p-hydroxybenzyl alcohol

El1l 8 (A) FMXEFESR (B) HPLC EiE
Fig.1 HPLC of reference substance (A) and sample of fresh
G. elata (B)

2 PR (cmes )

0 =
IR R kARS8 9
BERRI(Q-kg™)

PRI T DAREAT Je AT 22 Al

3.3 BERFRXTHEERR T HAREY N RETIIR AR
3.3.1 EERFRTHEIR T PURE RN BUBH R IR B 48
Wi Wl 3 B, A4/ AR 2
B RPPATALE A F K 2 MR RLEIR R
I wEEZER, YA RSP R R R AL T

ARTF K
/N R PAT AL B AR R 2 AN 5 SR

RN E)TC S 22 5, DL /N 2 A P AT I 2
ANMLETCw S 25 HEIR T P2 /N B R PR 2 I TR A
T3 R ER I (A > s, X AT RS BEIRAS 2 X
NRETEBI R G, (B2 DIAZIZE A .

0
W BOY SRAEE_3 9
BERIRI(Q-kg™)

80

7= 3 8 B FE/m
o
S o

N
o

2 BERBRERTHERNRBEEMEE (X £s5,n=12)
Fig. 2 Effect of fresh G. elata on locomotor activities of mice induced by SI (X s, n=12)

404

30+

20

10

SIRZI (/s

0
X R

kAEfE_3 9
T BRI (g kg D)

E 3 EFRMIBER TR DRI E IR BN (X £s,n=12)
Fig. 3 Effect of fresh G. elata in familiar phase of novel object recognition task of mice induced by SI (X £s, n=12)

3.3.2 M RFRAT BERR PO /N OB 44 iR 1) DI
URCNE RTINS R A 4 o, SRR
HERER, A /N DI &3 M PRI (P<<0.05), i
AR ZH /N BRCTE IR AR 1Bk . SR 4 b,
%ﬁ%@ﬁﬁ%ﬁ%ﬂ;@$m%%% UM REJ135)
FiE (P<0.0D). T4 2520/ iR BRI 1R 1)
Bk, EHXBE R BARZR M.
3.4 EEXFFXTEERTFHRE/ )R T EEF 321288
pal:pA
W 1R, SR, AR /N R AE S
15 3~5 RIBGIEHMRILEK, K5 REREH

2 -
0 ERT:

E3T,

151

104

53 MARZ N [l

SRS RER R

WPRE B BIAAEE_3 9
BETERI(gkg ™)

(P<<0.05). A1 L, SOiAdEJE FIEER BR A7
HH/NRF GRS 5 KRB E4i% (P<0.05).
Tt P BRI T H AR AR 6 /)N B 28 8] 22 SR 1238 1 T 36
P, TE R BR RS LG X P, E /N BRUA 2 )
e B B UCEE A .
35  EERFRXTEEAR T AR/ R EEHE SEI0 A9 =2
FERERE SIS (B 5), SxfIEd i, A
ANERETRIE NSRBI 2 R B3 (P<<0.05),
Ut B BEAR TR AL R0/ BRI iz i s . 5
PR PUAE, AR RR 2557 2/ B VR IR S (23 ok
/b (P<<0.05), NSV R & 3% 26K (P<<0.05.0.01).



¢ %% Chinese Traditional and Herbal Drugs %551 % %5 93§ 202045 A

* 2513 ¢

0.6
#i
O 024
0 - % T
—0.24

*
PR BER BAdEE_ 3 0 9
i T BRI(g-kg™)
XL "P<0.05; S *P<0.05 *P<0.01,
FEF
"P < 0.05 vs control group; *P < 0.05 #P < 0.01 vs model group,
same as below figures

4 BERBRITRERR FHARE N RETAIRS DI BIS2m
(X £s,n=12)

Fig. 4 Effect of fresh G. elata in test phase of novel object
recognition task of mice induced by SI (X £s, n=12)

3.6 HERERXTEREIR TIMEE/ R E I EIER
Al

WK 6 frs, S b, FRALLL/N R i
FiiE h2H 21 SOD /K-F B EPER#(K (P<<0.05). S5
R R, FOAdEed/RIME SOD /K& T
1 (P<<0.05), 5 I JjR ey 711 2 20 /) Bl g 5 2H 24 7 SOD
K552 T R (P <<0.05), {H i K R 2H /) R IfiL 75 SOD
KPR A A YD s, R RE 2 2990 1E R 36
NP

WK 7 fioR, Sx IR, PR 2 /N Bt i
i G2 29 MDA /KPR 3 (P<0.05). 5
PREARZH LA, Bk | JE 4 AE R PR 25 77 B 2 /0 BRIt
i MDA /KT E K (P<<0.05. 0.01); fEK K
HFR RN RIS H S MDA KT R ERL (P<
0.05).

T 1 EERRRXRER T HEER NS EMMITS @B REINRMm (X £s,n=12)
Table 1 Effect of fresh G. elata on escape latency in Morris water maze task of mice induced by SI ( X £s, n =12)

5 P 3 B IERIs
ZH T EL g g ke g
ERIPN BE2K N B4R EAEN
paylis} — 81.6048.20 76.361+7.39 45.84+3.47 42.93+2.64 34.1743.16
it — 83.93+9.56 69.7349.98 49.84+4.44 53.95+5.23 53.29+3.23"
TLiLdER 0.1 89.3340.41 71.22+4.53 52.45+4.80 43.6443.17 30.4243.38*
[ENS 3.0 74.76+2.73 43.9242.67"% 27.73+4.03* 47.27+2.97 36.00+3.27*
9.0 74.4944.47 59.97+3.64" 37.51+4.95 32.1142.92% 36.58+4.08"
SRR "P<0.05; HREAILLLE: *P<0.05
P < 0.05 vs control group; *P < 0.05 vs model group
2.07 3007 i

# 157

X @ e

EE\’ ..... = 200

= 104 B =

b g B |

’g’g) 100_‘ -----

0.5

XM R BERkEE_3 9
R JFRI(9-kg ™)

El5 SRR MR T AREY ) RIBE RS SCIE

XM MR ZCikdEE_3 0 9

R/ (gkg )
9520 (X £s,n=12)

Fig. 5 Effect of fresh G. elata on mice induced by Sl in passive avoidance test (X £s, n = 12)

3.7  BERMXTHEAR T HAZEY /)R AR Z 15 R A #2000

W 8 i, SxtiEdltii, HEARA/NRIED
Ach. Glu Al NE /K-F# 2 E K (P<0.05). S5
R L, SERARG AR/ RS Ach /K
BETHE (P<<0.05. 0.01); K & 7 & 240/ B
Glu. NE /K F¥EEF S (P<0.05)

4 THig

HEARAS /2 2 T BRI F SR /8 R R, 8
RS & ez Za s e pE R A, IR EIE
INZGE ER 2 s BRI . 3R 2R S RE R
DUEF RIS . RIRIENZ SRR Zitt, RG22
ety Va4 20 i A R IO, ] KRR A A2 24



2514 - ¢ %% Chinese Traditional and Herbal Drugs %551 % %5 93§ 202045 A
100, # 201
T = #
S 2 ]
2 60 =) * e
a 5 10 el
2 ) 3 e
Hé; = e
201 b = B
o LEEEE ..' = - =
P RO ShkdEe 3 9 WM BkdRg_ 3 9
BERBRI(9-kg ™) BERBRI(9-kg ™)
6 BEXRFFXTIER THARRL MR MEMED SOD KFRFEM (X £s,n=12)
Fig. 6 Effects of fresh G. elata on SOD activity in serum and hippocampus of mice induced by SI (X £s, n = 12)
25+
S - 30-
> 20 -lEn T *
g g T .
E 154 # 4 Hi g 20 | —_
3 i < - :
= S 10 gﬁ
=
b ‘ e
= e o
O_

W R kAR 3 o
R PRI kg™Y)

WO SR 3 o
ST/ (gkg )

pagiis

B 7 SERKERTHERNRMEFED MDA KEMFM (X £5,n=12)
Fig. 7 Effects of fresh G. elata on MDA level in serum and hippocampus of mice induced by SI (X +s, n=12)

0.04 1 807 0.008-
i # #
u 601 0.006-
X o o
s T S S T
= = 40 T = i
S 2 W 0.004
20 0.002
= 0 = 0 =
3 9 3 9 3 9

1 R IFRI(g-kg ™)

8 BERAIHEIR TR RIG DB FUKFERFM (X £s,n=12)
Fig. 8 Effect of fresh G. elata on concentration of neurotransmitters in hippocampus of mice induced by SI (X s, n=12)

TR EGHt, ImPR L, RIERE 2 Tk
MRAE . BURZGBIO FCUE], R AR B A T
FHEARMY ., ok o S 2 RE DA . RARZ
OB~ RBRK SR B 5235 RE 4 27 1812
fEATU], AT R R AR IR E . PRk 2k H
SRR o3 S0 2 ST AZAE PR FE e, g B
NRIRBERESE 2 ST L2 68 /1, SCRECCE MEIR . &
RIRE AT 2 R oy 081, AT RIBRE i it
FERCT ISR TRa T EIRIME, DILH AR
JERE . B R R IR 2 B FL D, R AR T 9T 4
ERFREG IR TR, TR B R R e B IR o5k 2K 2
ACHZ RS R -

S 56 2 B AN B IR A 2 B A 7K1 &

PN G B <2 RPN E N 3 L I N PP RER N ZE Slh s
15122 Je 25 RSP 2324088 . ARSI = AT HIA T O
RIVREEREIR TP T 3 B0 R 201 FRhe 23]
TR IOIE G 7798 57 AN T 1 57 7 FEARHTTTA, K
A S 56 = BT S N (0 PR e VR IR TR 2 S0 12
PRI , WF T PR 7 S AL RE AT I ESeE AE H

FEASLGH, FITEZSAAR e 2 — g R 1 e
WREZY), BATEA AR AER], IR
FIZF/N B 28 R D e R AT W e 4 i (28290,
ARSI LIRRY], FIEARJE LR BRI BE — EFESE
SO HEIR T BN R LA BEAS IAT . 5
SV NS iyl USSR v LA S NI S ATE Ul
FEREIR T S B0 2 21ie 12 N RN (P<<0.05).



¢ %% Chinese Traditional and Herbal Drugs

;5135 O 20205 H « 2515 «

HEAR A 2 22 5 BRI A g m, FEEE 2, &
= 2, KRS B B B LR RE BRI,
[FIB, A NS PR IR AT VR, B IR 2K i R
hEBUR R A 5. H LA E R E A
(MDA) FIHi%EAbEE (SOD) 7KV [ LA Ak
RAFCIRAS . Ach ZHHXMZE KRG THREE . T REAR AN
ZRNEIERE CEEESSIANCZ) BT 7 s,
Ach. Glu il NE S5 £ i i 5 2 2 id iz A & % V)T
KRB ARG E T /)N B A g 2
MDA F1 SOD 7K°F- % Ach. Glu. NE /K*F-. 7
LR, R R 25 25 40 /N R 375 AN i 5 2H 2 )
MDA 7KV 8 E B (P<<0.05), ##5 SOD 7K
J2 Ach. Glu. NE /K F¥EZETHE (P<<0.05).

ficf IR JRR B 0% L4 3 B IR T PRS0/ BRI 57 ) 1 12 B
%, FEREHE S AIEERS /N BRI RE 7). S E)d
126871 2 JAc i FILRE 0%, I HReE g A
A BRI 38 K, IR AT R 5 5 R PR KRR 2%
MEPEEER Y SR K. BERRE—FEIT
KA RSCE IR A B RVE 2y, AR
22 OICACAE A TIE— DI I, #2453 I
filt, AT A B R JRR (14 . FH B AR R 4R

Sk

[11 AR 2T B AL 0 IR JRR O 250 B ot B P
WHTFL [D]. BHR: el P BE 245K, 2015.

21 F 8 BuiE, B RERFPRR R i BRX /) SRR
RSP 9T O ) LE BT S [3]. R R BE 2 R
2008, 6(23): 237-238.

[3] LuC,Wang,LvJ, etal. Ginsenoside Rh: reverses sleep
deprivation-induced cognitive deficit in mice [J]. Behav
Brain Res, 2018, doi: 10.1016/j.bbr.2018.03.005.

[4] £ B, EICW, FERE, & B FES SN
ALBEZR G ST S TT OB MR E I IAE [J].
24, 2009, 40(11): 1773-1779.

[61 B, R, ERY, & PR s—ET Y
B KAT I — g 2R TR [3]. T E B
BG4, 2018, 28(3): 21-27.

[6] Worhees C V, Williams M T. Morris water maze:
Procedures for assessing spatial and related forms of
learning and memory [J]. Nat Protoc, 2006, 1(2): 848-858.

(71 B ¥ BRES, TRBGE, S5 MEAZ. B RE UK
JE v (R SEIO R U R 4 [ H AR TP S IR
K HEA, 2010, 14(15): 2778-2782.

[8] ik &, L4, N =%, % LC-MS/MS [FJmHllE /)
UK ZHZA 7 Fhbp i i & & [3]. I SEE T 7 AR

&, 2013, 19(20): 132-136.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Blissitt P A. Sleep, memory, and learning [J]. J Neurosci
Nurs, 2001, 33(4): 208-215.

B4, XBER, BOGEE. RRBI VA GRS R g
FEkE [J]. TPEZy, 2018, 49(9): 2188-2194.

AMSER, £, FEE, 5 RRREGE /D REEIRE
JEHUHIBFA [9]. HEEZ, 2019, 50(13): 3140-3146.
Zhan H D, Zhou H Y, Du X L, et al. The rhizome of
Gastrodia elata Blume-an ethnopharmacological review
[J]. J Ethnopharmacol, 2016, doi: 10.1016/j.jep.2016.
06.057.

Mishra M, Huang J, Lee Y Y, et al. Gastrodia elata
modulates amyloid precursor protein cleavage and
cognitive functions in mice [J]. Biosci Trends, 2011, 5(3):
129-138.

He S, Qiao N, Niu P, et al. Protective effects of Gastrodia
aluminium-chloride-induced

elata  on learning

impairments and  alterations of amino  acid
neurotransmitter release in adult rats [J]. Restor Neurol
Neuros, 2008, 26(6): 467-473.

Chen P J, Liang K C, Lin H C, et al. Gastrodia elata BlI.
attenuated learning deficits induced by forced-swimming
stress in the inhibitory avoidance task and morris water
maze [J]. J Med Food, 2011, 14(6): 610-617.

Zhang J S, Zhou S F, Wang Q, et al. Gastrodin suppresses
BACEL expression under oxidative stress condition via

inhibition of the PKR/eIF2a pathway in Alzheimer’s

disease [J]. Neuroscience, 2016, doi: 10.1016/j.
neuroscience.2016.03.024.
Wu L Y, Chen W C, Tsai F S, et al

p-Hydroxybenzylalcohol, an active phenolic ingredient of
Gastrodia elata, reverses the cycloheximide-induced
memory deficit by activating the adrenal gland in rats [J].
Am J Chin Med, 2015, 43(8): 1593-1604.

JA AR, WA, M. R R RR IR LA g R
[3]. Rl2£iBHK, 1981, 26(18): 1118-1120.

Suchecki D, Tufik S. Social stability attenuates the stress
in the modified multiple platform method for paradoxical
sleep deprivation in the rat [J]. Physiol Behav, 2000,
68(3): 309-316.

Everson C A, Toth L A. Systemic bacterial invasion
induced by sleep deprivation [J]. Am J Physiol-Reg |,
2000, 278(4): R905-R916.

Frank M G, Morrissette R, Heller H C. Effects of sleep
deprivation in neonatal rats [J]. Am J Physiol, 1998, doi:
10.1152/ajpregu.1998.275.1.R148.

Estabrooke | V, Mccarthy M T, Ko E, et al. Fos
expression in orexin neurons varies with behavioral state
[J]. 3 Neurosci, 2001, 21(5): 1656-1662.



* 2516 ¢

¢ %% Chinese Traditional and Herbal Drugs

FE51% FOM 202045 A

(23]

[24]

[25]

[26]

[27]

Charifi C, Paut-Pagano L, Debilly G, et al. Effect of
noradrenergic denervation of the amygdala upon recovery
after sleep deprivation in the rat [J]. Neurosci Lett, 2000,
287(1): 41-44.

4 k. GABA REZIMIT- T4 REM HEAR 5K A KN
DRI AISEIGTE 7T [D]. i 58 7B K%, 2008.
Lu C, Shi Z, Dong L, et al. Exploring the effect of
ginsenoside Rhi in a sleep deprivation-induced mouse
memory impairment model [J]. Phytother Res, 2017,
31(5): 763-770.

ELLIE, b2t/ S5 SRR T P AT S
AN SEAARAEAT v [0 T E SRR Eh sk, 2011,
19(5): 405-409.

WO, EOT, BER, S AN A EER SN
SR S A T [J]. P E LR ARk &, 2019,

[28]

[29]

[30]

[31]

(32]

29(1): 16-20.

MEEE. FkdER Xt 48 /N HEAR 2 ZF T A RURIE 2552
WA SEBGRF 7L [D]. P22 BEPUZE R K%, 2007.

Lu C, Dong L, Lv J, et al. The protective effect of
20(S)-protopanaxadiol (PPD) against chronic sleep
deprivation (CSD)-induced memory impairments in mice
[J]. Brain Res Bull, 2017, 137: 249-256.

Reimund E. The free radical flux theory of sleep [J]. Med
Hypotheses, 1994, 43(4): 231-233.

Gupta Y K, Gupta M, Kohli K. Neuroprotective role of
melatonin in oxidative stress vulnerable brain [J]. Indian
J Physiol Pharmacol, 2003, 47(4): 373-386.

Brandon E P. Choline transporter 1 maintains cholinergic
function in choline acetyltransferase haploinsufficiency [J].
J Neurosci, 2004, 24(24): 5459-5466.



