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[ Abstract ) To study the effects of dammarane sapogenins ( DS-1226) on sleep interruption-induced
learning and memory impairment in mice. Methods 130 SPF healthy 5 — 6-week old male ICR mice were randomly
divided into control, model, DS-1226 low dose, DS-1226 medium dose and DS-1226 high dose groups. The behavioral
alterations in open field (OF) , Morris water maze (MWM) and step-through ( ST) tests were detected at 15 days after

Objective

rotating drum-induced sleep interruption (SI). Results The total distance, movement speed, total duration of movement
were increased in OF test (P <0.05, vs. the model group) after treatment. The latency of place navigation was increased
from day 5 in the MWM test after 15 d sleep interruption, and the number of crossing in the target quadrant and the percent
distance in target quadrant were decreased after 15 d sleep interruption (P <0.05, vs. the control group), while the
latency of place navigation was decreased, and the percent distance in target quadrant and percent time in target quadrant
after high dose DS-1226 oral administration (P <0.05, vs. the model group) were increased. Error times, distance in

dark chamber, time in dark chamber and immobility time in dark chamber were increased in training of step through test (P

49

<0.05,

vs. the control group) ; while these indexes were decreased after DS-1226 oral administration ( P <0. 05, vs. the

model group). But there was no significant difference in the step through testing course. Conclusions The results show

that orally administrated DS-1226 can ameliorate Sl-induced learning and memory impairment, and there is a significant

dosage-effect relationship.
[ Key words)

Morris water maze test; Step-through test
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WHEE (P <0.01) | HAR 5 BRIFR L0 (P < DS-1226 1= 7 & 41 H b 5 B2 i F2 b &3 (P <
0.05) ; SHA A He A, DS-1226 HFI R4 HFR 4R 0.05) ; 58 4 He ik, DS-1226 &4 Hr %
FHEREBEM (P <0.01) HFRZWIFERILRAME  REGEREIEMN(P<0.05),

BRGFRINE] LA A (P <0. 05) 5 5% & 4 LA,

F 1 DS-1226 X REAR TP/ BE AT RE R (n = 13)

Tab.1 Effects of DS-1226 on latency of water maze (place navigation) test in the mice (n=13)

2033 Groups %1 XDl 2K D2 %3 KD3 %4 K D4 %5 K DS
X R4
THRA 78.74 £3.84 60.32 +£5. 68 53.75 £5.34 51.35+£5.24 41.31 £4.93
Control group
PRI
el 82.63 +3.34 73.53 £4.71 67.31 £4.76 64.32 +£5.07 60.72 5. 05"

Model group
DS-1226 Ik 41

DS1296.1. 84.62 £2.18 63.78 +5.50 64.25 +5.19 58.16 +5. 80 52.84 +5.50
DS-1226 Hi5lar 4

DS.1226.M 74.33 +4.62 68.06 +4.99 60.76 £5. 18 65.66 +5.15 49.95 +5. 64
DS-1226 54 . X

DS_IZ';’(;'_LEH 61.67 £5.550088% 45 62 +5. 442008 % 05 8D +4 360081 40,38 +£5. 41 A48 27,26 £4, 294 A% =

H: *P<0.05,% P<0.01 54 ;2P <0.05,24P <0.01 SHIMAE S P<0.05,% P <0.01 S5MCHFEALE, " P<0.05,"P<
0.01 Sl g,

Note. * P <0.05, # P <0.01, compared with the control group; 2P <0.05, 24P <0.01, compared with the model group; € P <0.05, ¥ P <0.01,
compared with the DS-1226-L group; * P <0.05, ™P <0.01, compared with the DS-1226-M group.

R2  DS-1226 X BEHR AL/ RS R R A (n = 13)
Tab.2 Effects of DS-1226 on water maze (spatial probe) test in the mice (n=13)

a1l Elze IR E HFR S BUFRE L4 (% ) H ARG B 18] HL R (% )
N Number of crossing Percent distance in Percent time in
Groups .
in the target quadrant target quadrant target quadrant
XF B2 Control group 2.92 +0.58 0.32 +0.02 0.31 £0.02
HEAIZ] Model group 0.69 £0.26% 0.25 0. 02* 0.25 +0.03
DS-1226 %5 ##4H DS-1226-L 1.62 +0.45 0.26 +0. 02 0.27 +0. 02
DS-1226 i3 #E 4 DS-1226-M 1.15 0. 34 0.29 £0.02 0.29 +0.02
DS-1226 w5 4 DS-1226-H 2.46 £0.5344" 0.32 £0.024¢ 0.32 +£0.02%

2 P<0.05,% P <0.01 S50 A L4 2 P <0.05, %% P <0.01 SBIRL LA ¢ P <0.05 SRFAIEA LA * P <0.05 Srfila lhas.
Note. * P <0.05, # P <0.01, compared with the control group; “P <0.05, “*P <0.01, compared with the model group; & P <0.05, compared
with the DS-1226-L group; * P <0.05, compared with the DS-1226-M group.

R 3 DS-1226 XFREHR TP/ FRARER 22 2T BIS2I (n = 13)
Tab.3 Effects of DS-1226 on step-through test in the mice (n=13)

N A 15} ] i 25 B[] N 2 5 25 R ]
4130 HH i JRERN gy MR WEEEGT
Groups Frror limes Time in light Time in dar] Latency (s) Distance in dar Immobility time in
chamber (s) chamber (s) o chamber (cm) dark chamber (s)
X} R 2
Control 3.38 +0.47 264. 87 +10. 30 34.56 +10.27 5.93 £1.37 16.28 +1.97 30. 40 9. 86
ontrol group
HERIZ
Model group 6.17 +1.02% 219.90 +11.97* 79.53 +11.98* 8.53+1.73 35.21 +6.38* 69.72 +10. 82*
DS-1226 {714
DS 1;22' JLE il 3.85+0.592 199. 68 +19. 46 99.82 +19. 49 18.98 +8. 38 20.84 £2.70%%  94.27 £19.39
DS-1226 HF| {4
DS lzj‘s"ff*ﬂ 3.38 £0. 5122 230.55 +16.25 69.04 £16.25 19.70 +9.76 18.91 £3.07%%  64.07 £15.97
DS-1226 &4 ,
DS 12'2’6"JH£E 2.77 £0. 5044 267.47 £6.235% 32,05 £6.224%% 6.54 £0.85 15.82 £2.004%4 28.01 £5.7248&

E:"P<0.05," P<0.01 534 LE ;2P <0.05,224 P <0.01 SHRILAHE;S P<0.05,% P <0.01 5K,
Note. # P<0.05, # P <0.01, compared with the control group; 2P <0.05, 2P <0.01, compared with the model group; & P <0.05, ¢ p <
0.01, compared with the DS-1226-L group.
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Fa  DS-1226 XFHEAR THE /) Bkt 5 L 52 (n = 13)
Tab.4 Effects of DS-1226 on the memory consolidation in step-through test of the mice (n=13)

o g R MR Wemw e

Groups Fxror times Time in light Time in dark Latency () Distance in dark Immobility time in

chamber (s) chamber (s) chamber (cm) dark chamber (s)
X HEZH Control group 1.08 =0. 17 296.89 =1.01 2.64 +1.02 115.23 +28.92 5.18 £0.96 1.41 £0.76
2 Model group 1.92 +0.55 296.57 +0.98 3.03 £1.01 81.35 +37.84 8.92+1.97 1.52 +0. 69
DS-1226 IG5 H#4] DS-1226-1L. 1.31 £0.21 295.87 +0.75 3.61+0.77 75.48 +£23.83 7.67 +1.38 1.80 £0.55
DS-1226 Hi5 E4] DS-1226-M  2.08 +0. 45 295.30 +1.15 4.11 =1.17 61.44 +17. 66 9.14+1.78 2.44 +£0.91
DS-1226 @ 5fl a4l DS-1226-H  1.54 £0.24 295.58 +1.03 3.89+£0.99 81.52 £29. 11 7.26 +1.26 2.43 +0.74

5 DS-1226 XHHEARTH/ N A EWE BRI (0 = 13)
Tab.5 Effects of DS-1226 on open field test in the mice (n=13)

SR (em)

FIJHE (em/s) BEETE (s) TR (s)

25 . C .
Total distance Movement Total duration of Total resting
Groups .
(em) speed (cm/s) movement (s) duration (s)
X} BEZH Control group 1780. 65 + 147. 78 2.97 +0.25 136. 50 +9. 09 463.35 £9. 08
HEFIZH Model group 1457.58 +134. 24 2.43 £0.22 112. 14 £8. 10 487.73 £8.09
DS-1226 IG5 F#41 DS-1226-L 2177.09 +286.73% 3.63 +£0.48% 152.06 +16. 58> 447.79 £16. 58
DS-1226 Hi5flE 4] DS-1226-M 2366.72 +242. 4744 3.94 £0.40%4 157.22 £12. 0724 442.62 £12.07
DS-1226 54 DS-1226-H 2306. 88 +215. 8544 3.85£0.36%4 157.67 £10. 1244 442.19 +10. 12

H.2P<0.05,22P<0.01 SHEIAIZ LEE,
Note. #P <0.05,2%P <0.01, compared with the model group.

4.2 DS-1226 XFRERR FH /I BB RS B 45 A9 =2 N

W 3 FrR, 55 RELH b5, A5 70 4 A5 TR B

58 BRI (P < 0. 01) , I 28 I 1] | 155 25 7 5L i ]
HAM(P <0.05) ; SEIAYL He AL, DS-1226 IG5 4
FER B D (P <0.05) , K52 SRR (P <
0.01) ,DS-1226 5 & 2H £ i 4K | I = I A s D
(P <0.01),DS-1226 7 571 5 2H 45 15 B | W 55 [ 7R
WD (P <0.01), W3 I [E] W5 i 2 a2 (P
<0.05) , WZEmFE B I (P <0.05) ; SEFE4
B¢, DS-1226 1= 7] 1 21 W 5 B () % 1 2= i 2 B ) ik
b BB RGP <0.01)

IR 4 7R BRI ZE 55 06 BE A DL Je 45 25 245 21 S
R 2 [] B R U B B2 ) [R] | W 25 ) ) s AR 40
(e Y SN et SN I RS e S W 28 =
4.3 DS-1226 XFERERFH/NR B EiE3HI# M

e 5 /8, GXTIEA i B 7R L 4548 hn
FIES SRR R, DS-1226 A% & 41 A H
FE PR G2 3 S N (P <0.05) ,DS-1226
o AR AL R YR B Bl S R] Y3
(P<0.01),

5 itig

ANZJE HIMFHE Y N2 Panax ginseng C. A.
Mey. HIME, (MIRAFLZ) E22 (M) Hid#, NS
“EANTLE, MR E A, (R BRI E
ot . AR, BB IEAR" AR R 2 M Ay

EAHCHREZ TN IEE &2 E N E I E M,
KFHIF OB AEH MBSO T, 5B
RAFBEHEARFIH AR I, NS 0425805 15
)L AS BRI EAS I EZEAR
YL, AR, RS 52 B AR T K B
o] iEAZRE 1 Z A W AR E R A
FEERW, ORAZ ST Rbl JE 5 A S 21 Rd
X 7R B o B R A O K R i 3507 /0N BR AR A M B L [
Mo AZ BERG 24 ELAT B B Ak s 1 Y L S
RUHIWESE 0 JE AL b, A S0 56 3% TN 2 2 AT oK i Je
BEIAS KA MASH IR G Y DS-1226, K&K
JHCXT VR % R IR T PR32y 2D e s
IR E S 45 TSR0 | R R P — 2 i Al (15
d) Ja &1 s P2 |24 2840 Be 01 R R, DS-1226
R (75 me/kg) 45 25 T DA b 25 0k /0N B2 )
2 ) FHCAZHE ST, ORI T rh &kt i S0 25
FEUH B /)N BRURE IS 2 2T B 1 3241, DS-1226 I,
i R R 2 T M A S ) kI 2 2T g
I3, HE R e P P s, FRAMAS 2
Rgl \Rb1 AT DA 85 AR R o5 B3R ok 20 4 i 7K ok By =3
)72 2 > FEAZBE S, NS 25 il iR AR T
PR Y " 288 23 0] 3 HE 2 > e 0 A W1 I ek 4k
AU ASRAT EEARE 4> Rbl Hi Rgl nf 1
5 JIFL BRI 2R 6 I I B, 184 0 ki 2 ik A2 446 3 H-JIH ik
R B, 38 0 2 RGP B S R T B R A
J5 BRI A AZ E 5-HT B 5836 i EL B 25 $E i 1]
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FEA TN, 22 111 IR N S 5 1K A 2 B[] 4 K
SR P A AR S-HT 380, b T A ) 48, 4k 5-
HT ZEREEE RS, Al , AS Rt
HHK S-HT BY5E I SE00a] P , FPA 5-HT BE R Goxt 2%
eI 5 IR e R GesC HAE 45 5, 5-
HT AEAE A3 S5, 1 FLAE SRy 05 & 4 E FEE ak
BIHAE R A S Rel Mz BVER €50 T 2 Fhid
TCERFREARY A 45 2 A BN 8BS | R M- P L AR
RS B VMR B 1 A5 I SO DA B A B T IE
B Rel it ZFhai 42 AL 3G i 2] 8 1 | g
1o S Ml e AN A A4 AT B | X 2 B AR AR B A R M-
JEBR, 52 1A %5 B 34 A0 F1 FOS ZE 14 . BDNF 55 jA
T =20 DS-1226 sk AR T e 3h H 2s 18] 2 2
i Re T Bk 2% 2 Be vl g DL B ML G,
HREE— 25T, 2 F ik I I [ 25 2R i 7R e 7R 4
WEREICIZRE I AR P E |, 45 4h 25 41 S SR 4 2 ) s
W CAZ B TE 220, T A 5 i X A R i 12— B3R
HRRERIE A L,

MA EWESEE SRR A, BEIR T 15d XF ICR /)
BUE NGS5 R AET A5 R — 2L,
Al e P R SRR f R 2h © 477 A T3 N, [F] B
WP IGAIE T 72 f20 92 i MR 0 405 1 1 o v A T
FEPEDT S NS R 2 2R G ) R 2 Ay WL 1)
PR 5 250 M 2 RS REAR S T 7
K NS AR A K DS-1226 45 245 4 577 & 4
S A E G S B BT s, X T eE 5 2Lk
SRR RS BT T

25 BTk, DS-1226 1 il 45 24 Al LA o035 VR fa1 12
BEARTHE 15 d S2R/NRAS R 2= 2] ef2ie
Kokt g4 > g e dig, HS & (75 me/kg) RIOCR i
UL AR 3R R Th 2 R R L S

S k.

(1] Emesk, BRsE, KIYH. AS B Rgl XF B-TEMAE K (25-
35) A = 5 TN LA 2D DA R B BGE A B AL
[J]. Z%%4R, 2001, 36(01): 1 -4.

[2] Tohda C, Matsumoto N, Zou K, et al. Abeta(25-35)-induced
memory impairment, axonal atrophy, and synaptic loss are
ameliorated by M1, a metabolite of protopanaxadiol-type saponins
[J]. Neuropsychopharmacology, 2004, 29(5) : 860 —868.

[3] ZXRE, XM, BHeK, & AZ2W Rb1 68 ik i
SEMZTT R R ()], PE R4, 2008, 28
(19): 1892 - 1894.

[4] RE, Bz, £45,4%. ASREEX AB_(25 -35) EAR
T E IS MER NG108-15 12 C A it I8 = A 30 il

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

PER (3], 7R BEZ R A4, 2007, 24(02) : 126 - 131,
Liao B, Newmark H, Zhou R. Neuroprotective effects of ginseng
total saponin and ginsenosides Rbl and Rgl on spinal cord
neurons in vitro [ J]. Exp Neurol, 2002, 173(2) ; 224 -234.

IR, DUET, T35, % AS 21 Rel M Rbl X ABys _ss
Y5'S CHO #iag g ma [J]. rhaerp R4k, 2008, 23
(07): 616 —618.

SO, — Tl L T R B T HIE Sl A AR Y P 24 25 3T 5 O ik
[D]. ®MKAE . KETBEGRFEA¥RE, 2013.

Wang Q, Sun LH, Jia W, et al. Comparison of ginsenosides Rgl
and Rbl for their effects on improving scopolamine induced
learning and memory impairment in mice [ J]. Phytother Res,
2010, 24(12) ;1748 - 1754.

b2 mr, INEE, L R B BGR LRI B R T
BEVO A SRR (). B TR AR, 2011, 23(5)
402 -406.

XBR, PR, £, & a B PR URSE A A — R
Tk [J]. hEZ, 1998, 29(03) ;174 - 177.

BEPE, WA, MRIRGE, SF. MR 3l BE B BIURRE 5 Y ik
BRSO R RS (1), DERANTRHERSHKEE,
2010, 14(15) :2778 -2782.

FIE, LS, WA, S A TR T R G
HEALGIF O B MR R AR (1], RE2y, 2009, 40
(11) :1773 - 1779.

E, SRR, KK, 5 NS B IR IR 3K L
e RIE SR (1], R RO, 2007,
15(1) .81 —84.

WA, B, B4, . AZ R Rb1 Al Rd XA R
ICAZ R/ N ST iC i TR s e [J]. ThE 2y 5
R, 2001, 15(5) ;330 -332.

Chen SW, Wang LJ, Wang Y, et al. Effects of ginsenoside Rbl
Chin J

bl

=

and Rd on learning and memory function of mice [J].
Pharmacol Toxicol, 2001, 15 330 —332.

Watford KA, Ebert B. Emerging anti-insomnia drugs: tackling
sleeplessness and the quality of wake time [ J]. Nat Rev Drug
Discov, 2008, 7(6) : 530 - 540.

Salim KN, McEwen BS, Chao HM. Ginsenoside Rbl regulates
ChAT, NGF and kA mRNA expression in the rat brain [ J].
Brain Res, 1997, 47(1-2) . 177 - 182.

HEM, WIEH, B8WE, % ASBRERRZSF TR
W e SRR 5-HT (52 [J]. 38 =45 RAE2E3R, 2002,
24(2) :158 —160.

Thakkar M, Mallick BN. Effect of rapid eye movement sleep
deprivation on rat brain monoamine oxidases[ J ]. Neuroscience,
1993, 55 (3) . 677 —683.

Wang XY, Zhang JT. Effect of ginsenoside Rgl on synaptic
plasticity of freely moving rats and its mechanism of action [ J].
Acta Pharmacol Sin, 2001, 22 (7): 657 —-662.

Zhang JT, Liu M. Modern research on the noontropic and anti-
aging effects of ginseng [ C]. Adv Pharmacol Clin Res, 1996
170 - 179.

(F#% 66 1)



66

R e BE 22 2014 4 10 A58 24 #5510 ) Chin J Comp Med, October 2014, Vol. 24. No. 10

[7]

[8]

(9]

FFF, BRIETE, XM, . R 2 X v B 10
TEG R S0 B OR3P PR (0. T T DR A 5] 27 2% 35
2013, 31(2) .180 - 183.

IRER, JAS, FRHARE, AF. TR R TUE X ik i -
PSS R B M T R VR (7). BB R
(2[R , 2013, 53(5) :13 - 16.

Spencer SS. Neural networks in human epilepsy: evidence of and
implications for treatment [ J]. 2002,43(3) :219 -227.
Katsumato E, Ozaki T, Yototano N, et al. The expression of
glial fibrillary acid protein ( GFAP) mRNA in EL mouse brain
[J]. Epilepsia, 1997, 38(16) :61.

Kaplan MS, Hinds JW. Neurogenesis in the adult rat: electron
microscopic analysis of light radioautographs [ J].
1977, 197(4308) :1092 —1094.

Scharfman HE, Goodman JH, Sollas AL. Granule-like neurons

Science,

[10]

[11]

[12]

at the hilar/CA3 border after status epilepticus and their
synchrony with area CA3 pyramidal cells: functional implications
of seizure-induced neurogenesis [ J]. J Neurosci, 2000, 20.
6144 - 6158.

kAR, HERE, BB, S WO A AEJE BB R A U S A
SRS [J]. WA AR, 2013, 29 (6) : 681
-685.

Lledo PM, Alonso M, Grubb MS. Adult neurogenesis and
functional plasticity in neuronal circuits [ J]. Nat Rev Neurosci,
2006, 7(3):179 - 193.

Santos T, Maia J, Agasse F, et al. Nanomedicine boosts

neurogenesis; new strategies for brain repair [ J]. Integr Biol

(Camb) , 2012, 4(9) :973 -981.

(f&E HH#A)2014-07-21

(EEF 4T W)

[13]

[14]

[15]

[16]

Allain CC, Poon LS, Chan CS, et al. Enzymatic determination
of total serum cholesterol [ J]. Clin Chem,1974, 20,470 —475.
Roeschlau P, Bemnt E, Gruber W. Enzymatic determination of
total cholesterol in serum [ J]. Z Klin Chem Klin Biochem,
1974, 12(9) :403 -407.

Xu C, He X, Xu S. Mapping quantitative trait loci underlying
triploid endosperm traits [ J]. Heredity, 2003, 90 (3) ;228
—-235.

Lyons MA, Wittenburg H, Li R, et al. Quantitative trait loci that
determine lipoprotein cholesterol levels in DBA/2] and CAST/Ei

[17]

[18]

inbred mice [J]. J Lipid Res,2003, 44(5) :953 —967.

Lyons MA, Wittenburg H, Li R, et al. Lith6: a new QTL for
cholesterol gallstones from an intercross of CAST/Ei and DBA/2]
inbred mouse strains [ J]. J Lipid Res, 2003, 44 (9).1763
-1771.

Li R, Lyons MA, Wittenburg H, et al. Combining data from
multiple inbred line crosses improves the power and resolution of
quantitative trait loci mapping [J]. Genetics,2005, 169 (3):
1699 -1709.

(&2 B8 )2014-07-23

(8% 53 )

[22]

(23]

Zhang JT. New progress in the study of ginsenoside Rgl and Rbl
[ C]. The 14th Symposium on Natural Products Research, 1999 .
1-4.

Tinsley MR, Quinn JJ, Fanselow MS. The role of muscarinic and

nicotinic cholinergic neurotransmission in aversive conditioning:

[24]

comparing Pavlovian fear conditioning and inhibitory avoidance
[J]. Learn Mem, 2004, 11(1) :35 —42.

B, SRBRE, XERF, 5. NS0 25 AT 50t R
[J]. 2y, 2009, 40(1) ;164 B 1, Fff2.

(&8 B #A)2014-08-24





