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Abstract: The acetylacetate extract of the fermentation broth of Hirsutella sinensis RCEF0273 having sedative

and hypnotic activity was analysed. By means of bioactive guided isolation of column chromatography and high

HeWiH: FXARREEEIH (No.30570189)
*Corresponding author. E-mail: mzfan@ahau.edu.cn
ok H#H: 2008-01-08, 4552 H#A: 2008-04-18



Vol.27 No.6 957

performance chromatography, a white pure compound was obtained, and the compound was identified as
9-glucopyranosyl theophylline by the methods of mass spectroscopy (MS) and nuclear magnetic resonance
(NMR). Sedative and hypnotic activity of 9-glucopyranosyl theophylline was traced, and the results showed the
compound significantly inhibited the spontaneous activity of rats. Moreover, the compound shortened the sleep
latency, and prolonged the duration of sleep of rats.
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MACHE S, B AT T A 7k sz 4k o s D AN BTG o, REEHIR 0T 2 Js A A7 5 AT
SRR S I E AR R . T HER TR T R 2 B0 R R 55 O™ H g A AT 1) %%
M\ ATE. Wi 2 MEATIR R A ORI, E S35 2% AN AR R BE ) i (Chase
&Roth 1999; Schubert et al. 2002; Foley et al. 1995; Sukying et al. 2003; Chiu ef al. 1999;
Maggi et al. 1998) ; E AR TG v BoRHb Wos,  HarE W RIRE ©i8120-14005 A,
SRR H IR 10%-20% o BAE 22 WA 28 R eI, 2RI 2 e BRARAL 25 1R 8 W0 5 v R
R IEAE PR EZE T o 11 HLH T AR 5T & T B RS 1R 0o A, 24 Ntk — 224 e 2
HAEN, ERETDENE Bk,  ff G RRERR 5T i ) A A 1T .

AT TR AR B U5 7 3268 1) 245900 56 S AS 005 250 7 P I 4R 5 AR, R E R
FUAl AR W] B oo Jir B0 B e AT T BE A P ORI AL 25 S S 2RI 2 — (Schmidt er
al. 2003; Hu ez al. 2002; Jim et al. 1999) . & U H 4L Cordyceps sinensis (Berk.) Sacce. A4 B
ST B LB IR, S S e i R % 8 ) L b T 4 B 18 Hirsutella sinensis X. J. Liu
et al 75 LSS TR E 4K, AIREZ srrh 2k 2 —. HAr& RO R R v R R
FEl 4 B A0 0 25 BRORAE A FH 4843 BIUE 38 GROTHE AR BT 1998 Nakamura ef al. 1999; Chen
etal 1997),

Ak, Bt AATT0 A HUB R SR IR 186 n R B A4 4 a5 B B (1 i ot 02 R AR
M E RS B B, AMITFIEREHAN TR g A ME R, @581k, K2R
OIS TRORIMEERE, HAEP= AR (22D, LR M2yt 5 AR HUR AR,
#EAHES 2R, WEIcR. 2P . AR RS E S R T, IR
PAL G WIAEAE, 454 R R TR 2 AR AT )2 AR S, S HAT iy,
MHTEE A . PUps a5 25 2R o 5 H A2 d B A (R R H 32 S v 1 R I T A5 1)
oAk, T o R —— RN 7T >, AME A U B o B —— [ B B Ak
PR PP PRI 2 1 SR AT, iy L JFE 24 B 7 TSR AR L M EH: BH D7 T ) 2> SR T (R
BAFRIAE 1995 AR B EI 1996) . ST IR ol, AR BAL AN A 2O G
P B B R [ B T A0 A IR A T B I ) 24 BR85S o e AT A s P B
MIE T H O QR DI A R . DRI, ASHIFSORE o B B R IR SR SR L
AHBEAT IR TEFR T N B BT RIS VP TR B2 4 B A i e, DU OA & U B v Y
TR A1 [ = P A TR AR 1) T A I FH A A B Al
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1.1 ##l

111 WAOoRYE: &R IR ——rh [E 3 B Hirsutella sinensis X. J. Liu, Y. L. Guo,

Y. X. Yu & W. Zeng (#HES A RCEF0273), B E b 6 Bk 9o it s 3 it .

1.1.2 U BANAA: FIAUAS: FreeZonel2 Wik TH: R4, E LABCONCO A wl;

GY-70C30L-300L K5 %, VLAREE TR MEREE) AE200 TR, i ay) s
SENCO R-502B R 28 Jc e, bt W P AE AR 8 71 5 vy 0BAH €% A, % ] YOUNGLIN
NH (SP930D k4. UV730D Kl #%. Autochro2000 A T /Euh. SDV30 A% ;

43 HTAE ODS, Cis (4.6mmx250mm, Sum) , [ Waters A #]; HPLC-MS, ESI &1,

FH Agilent AF]; MiIEARIL 400MHz, 3&E BRUKER A,

TR HENTEER (70-150pm) A1 E B 25 4L B LA SRR A W s GFasaimi L
WEERERH, R EL T ) s (el L, kel o0, TLOME A A T
W TR T, WEREERA) s Tal e, i R AT .

1.2 Fk

1.2.1 LR ORI H 5 KB IR UF (0 R B 22 5 25001 14,000r/min 25.0, B0
Jei R TR 40°C 53R G0 2 TN 175, F 3 5L 95% K LEREDT, 4°Cif's 24h, L
ISR A W o AR5 WIS R R IR I 3 A A ik . SR SR IRZEHL, I64%
fIi#3 L8 CIEAHIARH (40°C) BAIRGEZAT, 3 LR OFHIRIR T .

1.2.2 LPR SEERHSZY ) 5 B Al A7 IRV A 2 2 AT I Hgo MEATVEZBEAT (@=4.5cm,
H=100cm). ¥ LR LERAL 7y (7.2g) MIGEFRERMEE, HEZZEIEER He (15g) il
PRI, WRAERCT N, TN BIRE AL LR R A — LR L1 — R R ge it
AITERREVENE . A3 PR, B ST Z 00 JEIFHN 418 Sl T RE=10:1, &
AR ER - R AR R, A IR AR AL 5y, 15 10 M)

1.2.3 5. BN B R LG s P h e it . AR 18-22g, MEMER-Y:S
SEIG T SC IR EE — S . IR TR AL, EXARL, =il 20-25C, BE
50%-65%.

1.2.4 LR LFRHAEMA A BT 10 NS BTEHEIRIEMES e WL 10 NMiisy
HEAT BRI PR ER, g 10 AN/ B RSB sgm Crprae N RSEFNE T A5
B 1993) ¢ 110 JUEEFUNR, € & &%, BN 11 41T I, I X,
EW XA, fRA 10 Ko AN Gv) 4525 5Smin i, B0 BB A RIEsh i
M 5min &, C3E4525)5 10min %40/ R Smin N H KiEshEL

1.2.5 5 IRLH S IR BT 7 sl FEiE PR 20 XG4, 4°C R L. 24h,
RIMFEA A K5 bR, M EnAT IR AR S TK, s TR, AT
WA 08 OB, ST 06, R BRI 4-5 IR, mA&A98) 46mg A MK, IR
FRid A IX-1. S54 2 20l 4 R, AR UGS SO B AR IX-1 30T 208, 5 #r
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R ) R EE— P

A TRARIX-1 100 SR8 8 HPLC XFIX-1 #4700 (il 4c4F 2 BUA (O bk
IX-1 FCHIR) Img/mL RS, ARG RERE Sul LLFTEE 0%-100%, 7K 100%-0% 16 5
HEATBEEE VR, 0-10min FE 0%-20%, 10-20min F 20%-100%, 20-30min 100% ¥k
fii, Vet 1mL/min, YEBiltE 40min, 344 Waters ODS,Cig, DAD 6K 4
200nm-400nm.
1.2.6 2t AWM IRTE PERE : Kb A AT IR M 5250, % b & 5t
/I BB R IR AE P 107 DG DA B FH iR 55

ANRARTESSER: M40 L, R 8 %, BN R4 A, i IERAD (NS).
AEWIX-1 (0.5, 1. 2mg/kg). F4/NREHK Gv) 4525 Smin 5, #/NRBN A KES)
G R Smin 5, 18352524 )5 10min. 45min %41/ Smin N [ RIS SRS

/N BRAE B RIS XUB 7% /N B0 5L, @ & 252, BERLA IRA4L, 205 Jy: IEH 41 (NS).
WAEPIX-1 0.5 1. 2mgkg). SA/MREMK Gv) 4255min)a, /D RBNRHEA A
JE A IS N Smin e, 1l 3k 2min A 2 BRE B[] SOBCRT I ] A28 8L

ANERUR B2 N IR R VR8BS, R 8 %k, KA, KA
GIIR3/NL, ARSI, Ay IS I R S R L LG 4020 25F130mg/kg, TS /N BRI 5K
BRI B 5 KA BENL Y A, BEH10H, 5k IEW4L. ALEIX-1 (0.5, 1.
2mg/kg) o KRS A2 230min T, 75 BRI S 0 A 1) 13 2L LG 22 M g K B AR 7
(25mg/kg), LCABHIE SRS R A N HEERS T), - AT L Jse S i K 2 DA S ) Ay IR e 82 e 1)
1.2.7 WK E LML SHIMEL: IR 40 B, ¢ & %2, BENLO G 4 4, &4 10
H, AR F T S A2 2. 5 1. 2. 3 ARSI 2R E 2 o 0.5mg/kg (%
FIEAD) . Img/kg (PRIFEAD . 2mg/kg GRllE4D, 25 4 A LUEKIENR. W% 30d 5
XN RSP IE S B AR AT 2565 0 W o

2 R 54T

2.1 CRRCERZEBIRI D B LEk

AHIFOR 5 IR AT 10 LR L BEZEEA AT 705, SR 5 IR e ROoR € ik
AT AT 2% o
2.1.1 WETEA I B B 10 AN AT/ BB A S B IR, R 45 R
B2 50 IXIRTE PR, 7E 1.215mg/kg MIFIEAREE B AN B ARG S HI %4 8.1%.
2.1.2 WETEA Bl (o R I A S AR IX-1 A — AN E i, 92811 HPTLC
AT HPLC ) TR B A — 2l &4, B F I 3 B0 il sk, s e vve
TR 2 B K 38mg.
22 HEHIERE
2.2.1 JFEESHT: BAAL S VTR C A 0. 1mg/mL ) FH R 3E HPLC-MS 20 #T. 451
Bor: HE TR (NEG ION Mode) M/Z: 341.1108[M-H]. 683.2273[2M-H]#M% ., w]
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FNIX-1 (BRI 5> T 0 342, W RES T8 CisH sN4O7.

M 7rf5 (342) 7& Chapman & Hall KR~ WEdE R ZR, A0 H R IE 1355 -9-
HIZGFELY (9-glucopyranosyl theophylline) [¥) 4> T A8 UF /& 342, HAWIILH MS 77 4h 1
—%; It4h, 9-glucopyranosyl theophylline 4 FIE AR A Y, b5 RIS RIS
Y)—38. I, RIS HERT A TR 2l 00T BE A A R-9- T 20
2.2.2 ZHEIARBEE AT (NMR): AR DR SZATTH 4T, AT 4842 NMR 3547 %>
o B4R 5 1 R AR 10mg T RAK P TINR, &5 3 SRk &9 H B FAY

e} TENI AR N 3.3 F1 3.4ppm AbF P41 L, AT TG 4 5 0%
M@Hi[f> WO AR P UELT LHOA PE IR T 8, (o
07 ~N— N 9 5.9ppm [ IS Ay -9 287 X T A Sl 1) i R e

o Me BT RS B B L, TS EI 13 AV
‘T o (155, Herh B 60-80ppm 2 [A) [ FL AN A B 2 J5t

H T, WE I IR 107ppm IR LR i3

HO d B, TS SR, I T, ARl

119ppm 1 160ppm Z [AIIEAFAE HASANMLAI K, B i T &
1 sw--gamarenm DN TN CsHisNO,, BB 156ppm Al
Fig.1 Structure of 9-glucopyranosyl  193ppm  HUBRNE BERUR T U BREE R Ak, Si b ib &)
theophylline. (TG | S0 DA R i, T b A 5 0 A k-9 - A B UL
Kl 1.
2.3 A SR EEMERIE MR
2.3.1 SR/ R ARTESNE W FEKN Gv) 452 45min B, 1.0, 2.0mg/kg LG
Wyar 29D N A RGN IR (R D .

F1ZAAMPRBLEHNOEME (x+5,0=10)

Table 1 Spontaneity of rats treated with 9-glucopyranosyl theophylline

10min 45min
A il & (mg/kg) 24U/ 5min 2% W 80 #/Smin 2%
Group Dose (mg/kg) Spontaneous activity Inhibition Spontaneous activity Inhibition
frequency/5min rate/% frequency/5min rate/%
IEFA
- 114£13 - 144425 -
Control
0.5 119+£20 -4.3 128+18 11.1
&Y
1 118£19 -3.5 122+17* 153
Treatment
2 115+18 -0.9 108+13%* 25.0

Vi TEHXTHAIZE R B P<0.05; T HX A ZE R B3 P<0.01.

Note: "Significantly differ from the control P<0.05; “Significantly differ from the control P<0.01.
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2.3.2 ZAXZ0 /N BUE SIS TR I 1] EAR28 B semd: % 2 85 ERW, Zik2y (0.5,
1.0, 2.0mg/kg) Wb/ NEGESII ], HAZiZh (1,04 2.0mg/kg) (EHTE M 028 g
b, PEIRZARZ /N UK B RS BT A E R .

2 ZRA R E RN B R ATA ) LR EOR BRI (X 15, n = 100

Table 2 Walking time and frequency of forefoot heavings of rats treated with 9-glucopyranosyl theophylline

A FE (mg/kg) AEBNEE (s) A1) EdRZE A (U0
Group Dose (mg/kg) Walking time (s) Frequency of forefoot heavings (times)
X
- 44,45+ 14.38 17.75+5.92
Control
0.5 29.22+11.43* 13.35+4.88
waw
1.0 24.95+ 13. 16** 11.90 + 5. 98*
Treatment
2.0 20.89 + 7. 97** 9.90 £ 3. 55%*

7E: THXTRAIZE R B P<0.05; T HN A2 R B3 P<0.01.

Note: "Significantly differ from the control P<0.05; ™ Significantly differ from the control P<0.01.

2.3.3 22X BRI I E L A IR K. S IR LEAL, 2.0mg/kg (AL S0
AT R AR G EE M IR AT, iR/ BB I 8], S IR S R) (3R 3D

R3 LEMMKE L ZINE S/ RERAERMFEW (x5, n = 10)
Table 3 Sleep latency and sleep duration of rats treated with 9-glucopyranosyl theophylline solution under the induction of

pentobarbital sodium

205 FilE (mg/kg) NRERF ] () REAR 22 ] (min)
Group Dose (mg/kg) Sleep latency (s) Sleep duration (min)
IEH4

- 225.6+54.6 79.4+£21.6
Control
0.5 187.6+43.1 91.4+30.7
wEw
1.0 173.9 £ 19. 3* 105. 1 £22. 6*
Treatment
2.0 162. 1+ 30. 8** 117.4 £21. 0**

T THXEALZE R B P<0.05; TN A2 R B P<0.01.

Note: "Significantly differ from the control P<0.05; ** Significantly differ from the control P<0.01.

2.4 RIEFPIKRE RIS HINER L
WEEEE WL IS0 /NRAT TR, REfh. B8k, 1. 8. IR 0wy, REKE
i, SXEAM e EEEER (E2),
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—&— R4 Control group (Omg/kg) —— f&FIE4L Lower dose group (0.5mg/kg)
—&— B4 Moderate dose group (Img/kg) —>— FHIE4 Heavy dose group (2mg/kg)
30 B
28

26

24

NEARE
Body weight (g)

22

20
0 5 10 15 20 25 30

RE(d)
B 2 VR 30 RIKEL sk
Fig. 2 Curves of body weight of rats in 30 days treated with different dose of 9-glucopyranosyl theophylline.
3 Wik

I R B AR R AR TR AR AR P2 CORIBED 1 AR LR ER IS 21 T B AT B E i AR S
PRI B )5 08-9- 71 25 M 1 (9-glucopyranosyl theophylline). ItAb &Y E A C AL &),
RAE A e G R TG P 2R B R e T AR PR R TR T o0 B A 3 v e i ok, AT R AR
A2 BEAE FH A & 1 O

X0 -9~ ] 2 LT SRR AT BFU R RS 1 10 A I /I Bl A BB IR TS 4, 7 AR I —
TG 11 i ERT A2 A5 2 DR A 23 k-9 - 280 0 1 2 N/ B P 5 B s — e o =2 B 26 OB ) ot
W AN A o IX BT J5T RE I WO MR Y Tk, A e B 1 R A, A R R A
B -9- 71 A BH T UE NN BN 5, PTRE AR L8 70 Al 2R SIS I 4 T 20 At DAy 7 2 B R 0
B, P B /) B N TR R E AR S &R, BRI N A 2 R I R, R
RAIRZAEN FIMA A NG 55T, ATIBEAS T/ B0 i) XA v, I BRI AR IR A 1T
XIS R TR FH A2 i A B AR FLAE 2B IR e

AT 2 S BN ) AR A T F AR bR, ARG PR A 5 4 2% -9~ 2 W 0 5 Ik v S
SN, o AT KIS TAWEE, R ILSEE S R AR AR R, AR,
M BREN DR F IEH,  BAREESE N R SR HHAH Y. ) )R- G R

WAk, BEAE RAR B NEU H L T, i A i 24 D il 0 ki 5 | S 25 3 % s
IR TAEF W E A . AR 28U, 1697 RIRI 2 BT BN E 697« SRR IR %
MR Py K 22 5 S w] S By P A MO . T 2 BEIE, T H AR MR A ik
HEEMR DT (FRIAR 1998). Rk, BB Z i ANl T8 FH GR35 CRIVER IR IR 2
WEYT ORI, AIMIR R “FrAsafesn” mH 1.

A 50 3 W o 1 e T £ R R 1 2 AR AR ™ A v 5 A AT B IR M PR A 5 4 S5 ik
S9-H AL, HBhWilie g R Bos b S A MBI IE R R E . fEa s, Rt
LGP — 20 R FRES, B2 IR R S 24 T/ R b &R AR A e b (H
M. A, MLLERE . BN ER . DR ERE) ME R, WGBS YK
M FH A A o0t He i B8 3 AL e A AR DO RE )5, AT Dby 2% U e P 20 T ok v [
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