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Isolation and identification of active fractions and chemical components with
spleen-invigorating effect from raw rhizomes of Atractylodes macrocephala
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Abstract: Objective To explore the active fractions and chemical components with spleen-invigorating effect from raw rhizomes of
Atractylodes macrocephala. Methods The rat model of spleen-deficiency was replicated by the method of “ig senna leaves + fatigued
swimming + abnormal hunger and satiety”, Which was treated with water extract from raw rhizomes of A. macrocephala,
polysaccharides and non-polysaccharide parts. The effective fractions of raw rhizomes of 4. macrocephala in treating spleen deficiency
were evaluated using various indicators, including general behavioral characteristics, gastrointestinal (GI) transit rate, gastric residual
rate, digestive and absorption functions, water and fluid metabolism, tissue pathological structure, and neurotransmitters of rats with
spleen-deficiency. The non-polysaccharide part was subjected to chromatography on a HP-20 macroporous resin column eluted with
different concentrations of aqueous ethanol. The intestine epithelial cell (IEC-6) growth inhibition model induced by a-
difluoromethylornithine (DFMO) was applied to assay the cell viability of the obtained fractions. The chemical constituents in the

active fraction were analyzed by ultra-performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry
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(UPLC-Q-TOF/MS). The main constituents were isolated and evaluated for their impact on IEC-6 cell viability induced by DFMO.
Results The water extract and non-polysaccharide part from raw rhizomes of 4. macrocephala significantly improved the symptoms
of spleen-deficiency rats, mainly by regulating neurotransmitter levels, promoting gastrointestinal motility, repairing tissue damage,
enhancing digestive and absorption capabilities, and modulating inflammatory factors. The 90% ethanol-elution fraction from non-
polysaccharide part (CT-90E) at concentrations of 0.1—0.15 mg/L could reverse the growth inhibition of IEC-6 cells induced by
DFMO. The main components in CT-90E, including 8-epiatylenolide (12.5—100 pmol/L), atractylenolide II (50—100 pmol/L),
atractylenolide I (25—50 pmol/L), and phthalic acid (12.5—50 pmol/L) could reverse the growth inhibition of IEC-6 cells induced by
DFMO. Conclusion The water extract of raw rhizomes of 4. macrocephala exhibits significant effect in treating spleen deficiency,
with the non-polysaccharide part identified as the active part responsible for treating spleen deficiency. Among the fractions of non-
polysaccharide part, CT-90E promotes the repair of intestinal mucosa, with 8-epiatylenolide, atractylenolide II, atractylenolide I, and
phthalic acid identified as the main active components responsible for mucosal repair.

Keywords: raw rhizomes of Atractylodes macrocephala Koidz.; spleen deficiency; non-polysaccharide part; IEC-6; UPLC-Q-TOF/MS;
8-epiatylenolide; atractylenolide II; atractylenolide I; phthalic acid
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BRARZE, HAMRIR, WRH. B, BRAM@MRS, BIE
MKEEDIR, HR R E R, BEIKHS, A
CRERRANUE 2. R E DT AR iR T R
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BRAFD; DZTW BEEBEHRE dumk e
T H TR A 7] ) —80 CHAMK IR VKA (3£ [E Thermo
A5 IXFSTPRP-CL B4 H 2 A RIS A (L
B ERHE AT RM2235 BURFY) AL (HEE
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N 15 fEEZEEK, 12 30 min, N#AERFEEL
10 min, E#MLHE (12 ZL4), EER 3K, &
UM, WIERYEZ 0.8 g A 24/mL.
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AARRA 12kg, ¥, 010 fEEZEMK, R 12
h, INEENRIREL 2 O, BER 2h, ERGER (12 2
AR, AR B 1/10 AEFRIER L S HhUE,
JRIRAE 5 AR T, 13214 AARKIEY) (SBZ), 13
% 68.3%.

B FRTARUEW, WOE G2 0.2 g A2 245/mL,
FH 95% CBEBEAT IR, BT AR AR 0 %0 70%, 4 °C
FiE 24 h JGE S HIE, REED 2 X, SRS
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A FIRBR MRS AL 2 400 g ¥ T 78 18/KH, 258 HP-20
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—-80 CukFafRAF, AT &l 5 —mET 4%
R I 2 e W g, T IR ORRE - AL
(hematoxylin-eosin staining, HE) #ff,
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T 37 ‘C. 5% CO, WA (1 IR £ 7540 v s 97
48~72 h, WUERANMAKAENL, MK 2 XL
AR, BT EAT AR
232 FFRELAYINIGE DMEM AR IR
(cDMEM): DMEM =¥ (1537 5% 10% FBS. 1% PS
A10.1 pg/mL fif 5 &K . & 0.5% FBS {15573 : DMEM
RIS 0.5% FBS. 1% PS A1 0.1 pg/mL i 5
. MTT 1 PBS it #l i S mg/mLMTT &, EiR
WG, JERREE S, B T20 CHRAFH®
. DFMO H PBS ¥ 9 100 mmol/L FJ BRI,
FHYE:Z4 PUT i DMSO BCiillik N 20 mmol/L 5}
W5 322548 F) DMSO ¥ BT 1 o SR B N
100 mg/mL ] CT-W. CT-30E. CT-60E. CT-90E £}
W, BT-20 CUKFENEEIRAT . %322 M PBS
R T R IRIE, &4 DMSO & & mEIN
0.1%, ZyYELECEILH
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L, DL 5X10*/N/mL 40 H % B R0 &2 96 FL4RA
RN, BETRFRMEIE 24 h FEHREEFER
cDMEM. B X2 IR0 FNRH 1 25 4 i e,
o B2 B AL 75 24930 SO B R G R, A
TR ZH R P 4 24 2H A F LIRS N 5 249K BE 2.5 mmol/L
PIERLT] (DFMO), PFHPEZGA A& &R 20
umol/L PUT W57, HAHEE 5 ML ks
7% 8. 24, 48 hJ5, HSLIMA 5 mg/mL ) MTT %
W 10pL, 37 C. 5%CO. & 4h J5, A 150 uL
DMSO, #&¥%IE%5] 10 min, {8 FHEFFRCT 492 nm I
KRS AR E (4D 1H.
2.3.4 A AR FM N5 R B4 2 o 20
JfL 23 M B o) 4 B s BE ) s (DFMO - 7 fif 55
) fE4HMRERVESEIS T, KA T EE KW
IEC-6 41l LA 5 X 104 AN/mL F 40 25 B 40 96 fL
BRH, 8 cDMEM T3 92403597 24 h J5 37 54597
Mo WEAFSLIGA: XA S 2530 S
EFIRT IR, BHEZGA (PUT) TN & &K E
20 umol/L PUT WG IR, ANFMMEAH 7> (CT-W.
CT-30E. CT-60E. CT-90E) SZiRZH4LINN & 4 )i &=
W 12,50 6.25. 0.625. 0.312 1 0.156 mg/mL 124
YRR IR, CT-90E EE s (HARHNEEL BHARN
fig 1. FHRMES L. 8-FKHAARNEE. AR — HEZ A1
FAR W BERZG ) S22 100 uL & AN R 4R BE 11
YRR, R S ANEAL, B 48h ), M
MTT T 492 nm K A %2 4 18

HeBr 250t g i ) SR F S , #547 DFMO fi
iSES . SN SLIRAR L, HEINBERIL, iR
MGG 2 H R FL IR DN & 9K B 2.5 mmol/mL
DFMO 535, HR 5 MEIL, KR 48h )G,
i F MTT ¥ F 492 nm K A4 4 1.
2.4 CT-90E FUZERD 7317
24.1 @miE%M4 KM Waters ACQUITY UPLC &
4t 49 CORTECS UPLC T3 fAifi 4 (150 mm X
21 mm, 1.6 um), JSIAHAE 0.1%MHIRK (A) -
N5 (B), BAEWEN: 0~1min, 30%~40%B; 1~
2min, 40%~45%B; 2~3 min, 45%~46%B; 3~
4min, 46%~48%B; 4~6min, 48%~50%B; 6~
9 min, 50%~70% B; 9~10 min, 70%~80% B;
10~12 min, 80%~30% B; {AFIJiiE 0.3 mL/min,
FEIR 40 C, FERERE 20 C, #3HFE S uL.
2.42 FiisM KA Waters SYNAPT G2 HDMS
R4, RSN HEFLA; I % L (BSD:

By SRl T UTERIAES: WAL B
HiE: EE PR 3.0kV, B FHR 23KV, 4
FLHEE 40 Vi FREHEILHBIE 5 Vs B IEEE
100 C; BIAFISILE 400 C; RIAHEFLSI: 50
L/h; BEEEFISI 600 L HAFERSTA] 1s; FAH5 ]
B 0.15 5 JF AT ELIE Bl m/z 50~1 2005 $df R4E
iz continuum; REPE: normal; ZNZSTEHI:
extended; U RAELFE T KA 2 ng/L 2Rk
MERIEOIEAT SN RS i T B R 1 CIEBS T m/z
556.2771, B FHEI: m/z 554.261 5).
25 CT-9E FFERASNBLE

CT-90E (3 @) HHATHREMAEIE 5, DUk
B&HZ .l (100 @ 0~0 : 100) BEEEFEM, ik TLC
G AL 153 4 MR (Fr. A~D). 4 UPLC-
Q-TOF/MS il 5, e B AR i 7. Fr. A
(1.5 @) HHATRERAT (40 B, DUf k- iR 2T
(100 : 0~0 : 100> BHEEHEMNL, 8T TLC & FFAHALL
AR 5 MRS (Fr. A 1~A.5), Fr. Al &t
BT EY 41 (21 mg), Fr. A2 &L B4
W TIEEL G 18 (30 mg), Fr. A4 Lt Em45 5T
FEEY 30 (10mg). Fr.B (500 mg) i -1l
# HPLC (r=22min, 80%Z M) 54L&4 28 (15
mg). Fr.D (500mg) 17 Sephadex LH-20 #E/5 A4
tlk, DLAUG-FEE (101D NIEAIBe, 5334
Wi 4> (Fr. D.1~D.3). Fr. D.1 i@l 4 HPLC
(g=35min, 76%ZJE) L5 46 (8mg). Fr.D.3
AR HPLC (60%Z. 1) 18654 20 (,r=38
min, 11 mg).
2.6 GitFESH

R X £ 5775, R GraphPad Prism 5
GUiH AT B o b ZELIRT P LR IRCR T ¢ ARG
% o (A bR H R &% 7 2 48 BT ( One-way
ANOVA), P<<0.05 fREHMEA G ESR, BE
B A BEREG R
3 #R
3.1 H£BRKEVIRAETPLEZEERELR
3.1 —MAIEK BIATiEE S HSCERITIERER H
CRIGM AP SRR IR R SRR E A ER
B 7 2 ) R K SRR, 3R 17d 5, KRR R
BRTH . BEWs). HHE. EIE. 5. BRIR.
RAFYEE, IME ARSI . W 1-A B, 5%
MRAHAHLL, BBV KRR & KRR, IE D-K
BES BB ERL (P<0.0D), YJUKEZENEZ (P<
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Q
SR B X R AR MR R YR AR
B 500 40
R=
w 400 *k R £ 3 oo
I =
=S 300 £ 20
¥ 200 2
100 5 10
0 0
WEE BR 2k KIEY) ZHE B XEE OBR 2R KIEY) ZHE R
C RALT] AL
120 80 ~ 50
J dokk
8 ## = 60 e e E 40 - wkk
¥ 80 B frm S *
&= * * = £ 30 #
x sk 4 40 g
£ 40 3/5 # 20
Ar < 20 ® 10
Q

0
X B 2k KR ZHE BRpE
AL
A- TG YU TR " AT 20 R AR T
JE R BRULYE D-AHE =

0

TR AR 2% KIRYD ZHE Bl
LA AT

RETOKE . D-ARPES BMW; B-4A 255 KR ikt a); C-442

INHERER L B NAR B S, SRTIRZEAREL: *P<<0.05 #P<<0.01 ##P<<0.001; SER4ML: *P<0.05 *P<

0
XU R 2R K 2 BRbE

0.01 "P<0.001

A-effects of “senna leaf + hunger and satiation disorder + fatigue swimming” modeling method on body weight, diet and water intake, D-xylose content

of rats B-body weight and swimming time of rats after administration ~C-serum D-xylose content, small intestine thrust rate and gastric residual rate of

rats after administration; *P < 0.05 P < 0.01 *#P < 0.001 vs control group ; "P < 0.05

P < 0.01 P < 0.001 vs model group

1 EEARKIEY. SHERR MERR AN B K B — ARSI R B A R UCFE BT AL RSN (X £5,n=8)

Fig. 1 Effects of water extract, polysaccharide part and non-polysaccharide part from raw rhizomes of A. macrocephala on

general characteristics, gastrointestinal absorption and motor function of rats with spleen deficiency (; +s,n=8)

0.01), R HH ALRR B KRR A2 1) e T

RERER BRI TAAARKIEY) . ZHEAL. B
BEEALVAYT 14d 5, G0 1-B s, SRR A
Eb, ARIRZH K BRI BT A vk A ) BB BRI (P<
0.01); SHAIAMEL, A ARKIEMAFIFRREL A
R, P A7 Jo R AT ik I TE) 28 O 2 T (P <<0.05.
0.01), ZJRUCFIPHIEZIHE M 2 BE4H K R4 = . 3
FE (P<0.05), {HJEUKIN A G B0 . i 1-
C Fin, SxPRAAMEN, BEBRZA KR IE D-K
B & SN HEE R RS T (P<0.0D), B AR
REETE (P<0.01); HHEAHMLE, EAARKE
WD ZE R[5 3 2 3 R S 1 AR K BRI DA
i (P<0.00D) J/NMgEdR (P<0.05), FFEK
B VR AR (P<0.05. 0.01). ZFEAENE EE1
IR RIS D-ASES ®AVNEHERE % (P<0.05.
0.01), T} B R K B E N s ik B R A PR 3, (H
ets =23 = Ol el BT 2T VAL I AT E A 2 (Y

KB AR (P<0.05), BEhMaHEkR (P<
0.001), {HXTIIE D-AKE & ETSEEEH . 4RE
B, AEEARKIEY) . ZWERAL R BRI AL 35 mT st
J R KRR — MR AE B2 B i iz sh ohg,  HBR
PEERAL 2 R E R T ZHEAL, SPAT25 2% T
A ARKIEDAH 2

3.1.2 XTI R R AEAGIEARIEZI - MTL. GAS =&
W B IR AT A5, AT 51 E R A
ERUN g B B G S . VIP 2 B 0 ) 4o 22 52 5
Z—, HAW M E FE eI 0] S i 1E i s )
YR . AQP 3 2 5 fi7il /K1 73 s 55 S AL,
B R PR T 51 R M KR E R RS, AT T EOR
e, Wik 2-A 1 2-B flior, S5t iR4LkIEL, A
I KRS MTL. GAS 7KF K457 AQP3 &
FEET (P<<0.01. 0.001), I3 VIP KFEETH
f (P<0.05); SHAIAAMLL, KA RBREA
AR 3 T B K SRS MTL ZKF (P<<0.01)-
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Z 8001 2 600 2 300 £ 20001
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SR R 23 TR o0 BakE FE AR % KB 20 R Mo AT 2% AN 20 Bk paiGt 7&“& %{% 7J<3%/J 2 F%Ffﬁ
7 | BvaLld
¢ D
25%10°7 w 15%10°3 1000 H# 201
20X10°1 #it * o " « oy 800 T T: 401 .
5% 101 oz 10x10°] [ # E 600 E 301
o b Z 2
=10x10 E S 400 < 207
= =05%107 . S
05X10°1 % 200 & 107
AL - o 0 AL "~ o _
SR ) 2 KO R K S S A SR NI BT S A SR o g % i 5 W
i pe S
AMZEEFKF: BKEERAKT: CUHRE: D-RIEFF/KF: SXBAAALL: *P<0.05 *P<0.01 #P<0.001; SHAHIALL: "P<0.05
*p<0.01 *"P<0.001.

A-neurotransmitter level; B-aquaporin level; C-organ coefficient; D-inflammatory factor level; *P < 0.05 #P < 0.01 *#P < 0.001 vs control group ; P < 0.05

P < 0.01 P < 0.001 vs model group.

&2

EARKEY . SHERBALA FRAEEDALXT BRE R B A LHEAREIRIND (x+5,n=8)

Fig.2 Effects of water extract, polysaccharide part and non-polysaccharide part from raw rhizomes of A. macrocephala on

biochemical index in rats with spleen deficiency (x+s,n=8)

GAS 7J<3§(P<0 05) F145 17 AQP3 & & (P<<0.05),
BRI VIP &8 (P<0.01), S5FAVEZG 2% 1
AN, ZREE T RE SRR IME MTL &
F (P<0.01), BRINIE VIP & & (P<0.01), GAS
AAQP3 EEA TS, HESH = L. 455
T, A EARIK SR B B s A 0k JBL R K BR A 42 34
JR AR B TE B H KA TR ER .

WK 2-C i, Sxtieaibbs, MIRL KR
JUE ZR ORI i R 0 2 FRAIR (P<<0.05. 0.01), IfILiE

7 TNF-a &&= & 5 (P<0.01), IL-10 5= &
FIRE (P<0.01); SHERIAAMEL, /KB AR

PELE S5 AT 625 O IR TR bR, 2 R4 TG 2B PRk
BAEH . GRRY, ERAKEEY) R BRIE AL
A BT R OK R ez ThRe, 2RO R E
R
3.3 X KRB e 1 2 2 B A 10 5
W 3-A FoR, WTRRZK B BREEHIEE, B
TEAE, AR LB SRR IR OK RUE B RR
[TETI i S BN 7 S = = S 1 R
B, RAEREREZ AV, R R IR . 452
BIT I, SERAMEL, AEARKEYA. ZHE.
o B 2H % 22 8 SR 2H KRB BB A A A R AR
(IR o

Wik 3-B fiar, WHHRALKBR /N, ©

P A MHES RS, R IR AEIRE s AR RN
SEHSIEEL, L RRdnMYE, iR, b
BRIERME: HARITE, SHEMAML, 842
NGB TERE, FEARRE IR, HWHAEAR
KSRV ZHEEAL. BRBEEAL & 2 WS e 2
¥ T R T e D5 i 26 MR BT R AR
3.2 EBRARBREBAARELE S X DFMO %S IEC-
6 & A HIHI RS20

Wik 4-A fior, 55 8 hint, BRI R E
BEMFIVER; %S 24, 48h J5, DFMO 30|
VEF B8, Horh 48 h i A 30/ 5 e & .
FHVEZG R AT 24, 48 h #5451 DFMO MIfEH 5.3,
H 48 h i e A F SIS o DR AR S B P A
I IE] A 48 he

KRAE FEKE R CT-W. CT-30E. CT-60E.
CT-90E 43 TEC-6 i/l 48 h J5#E4T MTT #aill, 45
Rk 4-B s, CT-W HBALER &R LT 12.5
mg/L I X IE% IEC-6 4l L&, CT-30E F1 CT-
90E 7E%T 6.25 mg/L I % 1IEH TEC-6 40 e 1,
i CT-60E 7EMiX T 0.156 mg/L I %f 1E % TEC-6 41
TR, BHESE 0.100 0.125. 0.15 mg/L Bk
FEX DFMO 5 IEC-6 A= K3k AR HE 4T3 P )
EL i 12 -

W 4-C Fior, SxFIRAIAHEL, A5 4 41 i
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IKEEH)

B3 HBRARKEN. SHEBLRMREDAMBERRE (A) &N B) HLARERSHFNE (X100)

Fig. 3 Effect of water extract, polysaccharide part and non-polysaccharide part from raw rhizomes of A. macrocephala on

pathological changes of gastric (A) and small intestinal (B) tissue in rats with spleen deficiency (x100)

A 0], 18] DEMO ZE KA A 37 By o
WEFE 0.15. 0.125. 0.10 mg/L St FAARBRBEAAL A
[ ZH A3 AT 23000, 45 2o, CT-90E 2153 7E
JREIREN 0.1~0.15 mg/L i, Aifi%: DFMO FiEL
(1) TEC-6 4RI A=KAM ], BRI T HARZH 77
3.3 RF UPLC-Q-TOF/MS F53(4%E CT-90E &
BIL AL 5y

FHRAL ) UPLC-Q-TOF/MS 833 i 1 4% 14,
X CT-90E P4k 2= B o HEAT e 1 0 i, 15380 i) ik 0
BNl 5 s o i R B IE] L KGR AR O 77
Z R IERR BT, LS FE (Pubchem.
MassBank 55) AT, w&ASE T 4 MLEW
MZEr) (R 1), BFEREEHEZE 19 4N FEHEE 6 1.
HEWFERZE 5 A BiARK 2 A IR 1 . HER
KA BEMRE 2 4 HABZE g A
34 CT-90E P EENXEIN D BMEHEE

7t UPLC-Q-TOF/MS 15|15, KRR
%, Sephadex LH-20 #E/RAT: (1%, 4] HPLC K

B WELZ R BT, X CT-90E FRAIH& B4
BT AT 7 B AlAk, 193] 6 DR (“2.57
WU AEYDD, SRR 1 H 95 7 i &4 18,
20. 28. 30. 41. 46, FFFH P AEHT R0 5
EXMLE M EERAT S E, WA 6.

A 18: HEMKR, T & Wb, 541 254
nm 5 AREBE, 10%IRETER C B Ui g1
4, (105 ‘C), HR-ESI-MS m/z: 249.138 0 [M+H]"
(THSHAE 249.148 6, CisH203), #HEM 73 10N
C15H2003. 'H-NMR (600 MHz, CD;0D) §: 1.57~1.52
(1H, m, H-1a), 1.30 (1H, td, J = 13.0, 4.9 Hz, H-1b),
1.68~1.65 (2H, m, H»-2), 2.36 (1H, ddt, J=13.2, 4.3,
1.9 Hz, H-3a), 2.04~2.01 (1H, m, H-3b), 1.92~1.88
(1H, m, H-5), 2.67 (1H, dd, J = 13.1, 3.2 Hz, H-6a),
2.41 (1H, td, J = 13.1, 1.6 Hz, H-6b), 2.22 (1H, d, J =
13.4 Hz, H-9a), 1.48 (1H, d, J = 13.4 Hz, H-9b), 1.76
(3H, d, J = 1.4 Hz, H3-13), 1.02 (3H, s, H3-14), 4.86
(1H, brd, J = 1.6 Hz, H-15a), 4.64 (1H, brd, J= 1.6 Hz,
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AR [A]%F IEH TBC-6 A0t A= KAMHIMEA s B-4UsE el C-AnIgsaiEs; Sxtiaitt: *P<<0.05 *P<0.01 " P<0.001; S
FIAALL: "P<0.05 ™P<<0.01 ™ P<<0.001; CT-W-FRHHAL KB H 5, CT-30E-BRIEEBALIN 30% LEBEVEM 4L 3, CT-60E-FRbi AL 1) 60%

CEEGE MR 53, CT-90E-FRHETAL I 90% LB He i 455 -

A-growth inhibition effect of modeling time on normal IEC-6 cells; B-cytotoxicity effect; C-cell proliferation effect: P < 0.05 #*#P < 0.01 #p <

0.001 vs normal group; "P < 0.05 *P < 0.01 *P < 0.001 vs model group; CT-W-water-elution fraction from non-polysaccharide part, CT-30E-30%

ethanol-elution fraction from non-polysaccharide part, CT-60E-60% ethanol-elution fraction from non-polysaccharide part, CT-90E-90% ethanol-elution

fraction from non-polysaccharide part.

4 HARBEAEMMELES S DFMO 55 IEC-6 HAE RN (Xts,n=5)
Fig. 4 Effect of different polarity components from non-polysaccharide part from raw rhizomes of A. macrocephala on
viability of IEC-6 cells induced by DFMO (X £ s, n=5)

H-15b); '3C-NMR (150 MHz, CD3;0D) §: 42.4 (C-1),
23.5(C-2),37.1(C-3), 150.2 (C-4), 52.8 (C-5),25.6 (C-
6), 163.1 (C-7), 105.5 (C-8), 52.1 (C-9), 37.7 (C-10),
122.5 (C-11), 174.5 (C-12), 8.1 (C-13), 17.1 (C-14),
107.1(C-15). LA % 5 Ok kil S AR — 20, ik
YEALEY) 18 N AR I BEEIIL.

&Y 20 HEBRAR, BT &HBE, %Ki+
254nm FRRNEEBE,  10%IRERER LB RO HGE
Kifh, HR-ESI-MS m/z: 230.153 2 [M+H]* (51

230.154 5, CisHaoNOD, #EM4>F 2N CisHioNO.

IH-NMR (600 MHz, CDCl;) d: 2.31 (1H, m, H-1a),
2.04 (1H, ddd, J=13.0, 12.9, 5.4 Hz, H-1b), 1.64 (2H,
m, H-2), 2.36 (1H, ddt, J = 13.3, 3.8, 2.1 Hz, H-3a),
1.69 (1H, m, H-3b), 1.57 (1H, m, H-5), 2.63 (1H, dd,
J=16.5,3.8 Hz, H-6a), 2.46 (1H, dd, J=16.5, 15.3 Hz,
H-6b), 5.48 (1H, s, H-9), 1.87 (3H, d, J= 1.9 Hz, H;-
13), 0.90 (3H, s, Hi-14), 4.62 (1H, d, J = 1.6 Hz, H-
15a), 4.88 (1H, d, J = 1.6 Hz, H-15b); '3C-NMR (150
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5 %F UPLC-Q-TOF/MS HJ4% B CT-90E 424> BPI &iZ[F
Fig. 5 BPI chromatograms of CT-90E fraction from raw rhizomes of A. macrocephala based on UPLC-Q-TOF/MS method

%=1 UPLC-Q-TOF/MS % CT-90E L ZF 5

Table 1 Chemical components in CT-90E identified by UPLC-Q-TOF/MS

BE  talmin Lama; 4T EEgA W ERE S RE
(m/z) (mfz) (X107)
1 077 EZFLH CarHn03s IM—H] 11513761  1151.3725 31
2 187 AREE C1sH1006 [M+H]* 287.056 3 287.055 6 24
3 188 ZKEREN CsH1N204 IM—H] 1811251 1811267  -88
4 203 T IUEEEEATERRR CaoH3607 IM+H]J* 389.254 9 389.2539 26
5 249 46-—FH-33a- HARGNE I CisH20s [M—H]- 2811383 2811389  -21
6 256 T-REEUE CoHs0s [M+H]* 163.0413 163.0395  -34
7 267 46-—FH-33a- " EAARKNE 11 R CisHz20s [M—H] 281.1383 2811389  -21
8 272 69-"FHE-33a-—EARKNE I CisH2:0s [M—H] 281.1383 2811389  -21
9 311 B-REAARNEI CisHo03 [M+H]* 249.149 4 249.149 1 1.2
10 344 33-"HARNE IR CisHz203 [M—H]- 249.147 4 2491491 6.8
11 355  3p-BELAN CisHa02 [M+-H]* 233.1527 2331542 64
12 364 WEREAER CraHasN3O4 [M+H]* 276.194 0 276.192 3 6.2
13 376 HAAR N RHE CisH1e02 [M+-H]* 2311389 2311385 1.7
4 412 33%-"HARABK CisHaNO [M+-H]* 2321714 2321701 5.6
15 412 33 "AARAEN CisH2203 IM—H]" 249.147 4 2491491 68
16 441 RETEHS - [M+H]* 318.208 9 - -
17 448 (2S5R)-2-[2-(2-F I L EH) L EI)ENE-345-= . CirHaNO, [M+H]* 2741795 2741807 -44
18 464  ARABNC CisH1502 [M—Hz0+H]* 231.1389 231.1385 1.7
19 501 33a-"HARNE I R CisHz203 [M—H]- 249.147 4 2491491 6.8
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20 508 AARABER CisH1NO [M+H]* 230.1552 230.154 5 30
21 535 TIULRARBRAR Rk CigH3:04 [M—H] 313.2371 3132379 -26
2 545  (E)-WURE CigHzsNO3 [M+HJ* 316.1900 3161913  -41
554 CigHzsNO3 [M—H] 314.1755 3141756 03

23 588  FIUkEBEHE CigH3404 [M—H] 313.2378 3132379 -03
24 600 3P-ZBHEE-CIARNEI Cu7H2104 [M+-H]* 280.1437 280.1440  -10
25 616 TSI Rk CigH3:04 [M—H] 313.2371 3132379 -26
26 617  HAE CisHx0 [M+H]* 217.1576 217.159 2 -74
27 658 (QR)-2-FIE-5-RILNR C10H22N206 [M—H] 265.1401 265.1400 04
28 707 SHKEAARWE CisH02 [M+H]* 233.1527 2331542 64
29 721 RRBEEREA K C3Hs4015 [M+HCO0] 723.3494 723.3439 76
30 730 AARWERI CisHx002 [M+H]* 233.1527 233.154 2 -6.4
31 731 R RAE C3Hs4015 [M+HCOO] 723.3459 723.3439 28
32 745 2-(3FEHAa-HEES-THENEZE2-TE)-WNEE  CisHuOs [M—H] 249.147 4 249.149 1 -6.8
33 177 15162 R+ )\LiR CisH3604 [M—H]" 315.2552 315.2535 53
34 780  IEMBEARBEIERL (18:2/0:0) CasHsINO7P [M+H]* 520.3370 520.340 3 -6.4
35 192 REERS - [M—H] 330.2075 - -
36 805  FRILBEEETERE CxHs4O15 [M+HCOO] 7233459 7233439 28
37 817 RIBHERERE R C3Hs4015 [M+HCOO] 723.3459 723.3439 28
38 8.65  VAIMBENEMEARGEL (16:0/0:0) CaHsINO7P [M+H]* 496.3405 496.340 3 04
39 873 REEHS - [M—H] 378.206 7 - -
40 886 (2538)-2-[[(28,38)-2-[[(28,3R)-2-E H-3- A THEHE]  CigHai05Ns [M+H]* 346.234 6 346.234 2 1.2
893 EIE]-3-FIEILM AR I3 [M—H] 344.2216 3442185 9.0

41 9.00 HAWET CisHis02 [M+H]* 231.1389 231.1385 1.7
42 910 REEERRMA C3Hs4015 [M+HCOO] 723.3459 723.3439 28
43 941 (285R)-2-[2-Q-FHCER) CAHER345-=8  CulnNOs [M+H]* 344.226 0 344.228 4 -70
44 949 REEHRN - [M—H] 342.2017 - -
45 978 EARWERM% CisHis02 [M+H]* 231.1389 231.1385 1.7
46 1003 ARZHE CsHeO4 [M+H—H,0]"  149.0232 149.0239 -4.7
47 1012 REERS CaHeO138 [M—H] 7933840 793.3833 09
48 1051 3B-FRAELAEITE-4(15),7(11)- = Mi-80, 12- P B C34HesO19 [M+H]* 780.439 3 780.4355 49
49 1055 REERS - [M+H] 807.406 6 - -
50 1092 6-(-FHI-AREL)-38 RN E-2- R CaHss06S2 [M+H]* 771388 7 7713753 4.4

4-FFIE R 4l
RE A LA .

“directionally separated compound.

l1-1

9 OH
O,

Bl 6 CT-90E HyhEBNMESYIRIEN

Fig. 6 Structures of main compounds isolated in CT-90E

MHz, CDCls) &: 39.4 (C-1), 22.5 (C-2), 36.4 (C-3),
148.9 (C-4), 49.1 (C-5), 23.3 (C-6), 135.5 (C-7), 141.7
(C-8), 121.2 (C-9), 38.2 (C-10), 125.0 (C-11), 173.4

(C-12), 8.4 (C-13), 18.6 (C-14), 107.2 (C-15). LA %k
P 5 SOk AR IE FEAR — 305, WS EGEY) 20 NE
NS

&) 28: HERAR, BT & B, K5 254
nm RN, 10%KIR OB e G,
HR-ESI-MS m/z: 233.152 7 [M+ H]* (it & &
233.1542,C1sH2102), H#EM 73730 CisHa0020 'H-
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NMR (600 MHz, CD;0D) : 1.61~1.56 (1H, m, H-
la), 1.38 (1H, td, J = 12.6, 6.6 Hz, H-1b), 1.67~1.61
(2H, m, H-2), 2.41~2.36 (1H, m, H-3a), 2.03~2.01
(1H, m, H-3b), 1.93~1.88 (1H, m, H-5), 2.78 (1H, dd,
J=13.9, 3.8 Hz, H-6a), 2.46~2.42 (1H, m, H-6b), 4.99
(1H, dd, J = 12.0, 6.4 Hz, H-8), 2.29 (1H, dd, J = 12.0,
6.4 Hz, H-9a), 1.11 (1H, t, J=12.0 Hz, H-9b), 1.79 (3H,
s, H3-13), 0.93 (3H, s, H3-14), 4.88 (1H, brd, J = 1.6
Hz, H-15a), 4.66 (1H, brd, J = 1.6 Hz, H-15b); 13C-
NMR (150 MHz, CD;OD) 6: 41.8 (C-1), 23.5 (C-2),
38.0 (C-3), 150.1 (C-4), 51.1 (C-5), 26.6 (C-6), 165.8
(C-7), 79.9 (C-8), 48.6 (C-9), 37.3 (C-10), 120.6 (C-
11), 177.3 (C-12), 8.1 (C-13), 16.6 (C-14), 107.3 (C-
15). VL2 5 ko A — 800, e tb s
Y28 Hy 8-KAAARNEE.

AW 30: FERK, T & H kT, %5 254
nm N EIRNIEEE, 10%IKIRER £ B # i 241
1, HR-ESI-MS m/z: 233.152 7 [M+H]" GHE1H
233.154 2, CisH2102), #EN AN CisHa002. 'H
NMR (600 MHz, CD;0D) §: 1.62~1.57 (1H, m, H-
la), 1.49~1.46 (1H, m, H-1b), 1.68~1.63 (2H, m, Ha-
2), 2.69~2.62 (1H, m, H-3a), 2.39~2.36 (1H, m, H-
3b), 2.12~2.04 (1H, m, H-5), 2.77~2.73 (1H, m, H-
6a),2.29 (1H, dd, J=13.4, 10.0 Hz, H-6b), 5.24~5.17
(1H, m, H-8), 2.55 (1H, dd, J = 12.9, 5.5 Hz, H-9a),
1.27 (1H, dd, J = 12.9, 8.7 Hz, H-9b), 1.83 (3H, s, Hs-
13), 0.69 (3H, s, H3-14), 4.91 (1H, brd, J = 1.6 Hz, H-
15a), 4.88 (1H, brd, J= 1.6 Hz, H-15b); '3C-NMR (150
MHz, CD;0D) 6: 43.6 (C-1), 24.6 (C-2), 37.5 (C-3),
149.4 (C-4), 43.7 (C-5), 25.7 (C-6), 165.4 (C-7), 79.3
(C-8), 45.4 (C-9), 36.5 (C-10), 121.5 (C-11), 177.5 (C-
12), 8.3 (C-13), 21.7 (C-14), 108.4 (C-15). LA %
s A ), s A Y 30 AR
P BEIL

B 41: AR, WT & F b, K5 254
nm FENEEBE, 10%IRERER £ BN # i
4, HR-ESI-MS m/z: 231.138 4 [M+H]" G514
231.138 0, CisH1902), #EM T8N CisHis02. 'H
NMR (600 MHz, CD;0D) ¢: 1.71~1.67 (1H, m, H-
la), 1.65~1.60 (1H, m, H-1b), 1.75~1.71 (2H, m, Ha-
2), 2.41~2.34 (2H, m, Hy-3), 2.14~2.06 (1H, m, H-
5), 2.76 (1H, dd, J = 17.1, 4.0 Hz, H-6a), 2.64~2.60
(1H, m, H-6b), 5.67 (1H, s, H-9), 1.88 3H, d, J= 1.9

Hz, H3-13), 0.96 (3H, s, Hs-14), 4.92 (1H, brd, J= 1.6
Hz, H-15a), 4.69 (1H, brd, J = 1.6 Hz, H-15b); '3C-
NMR (150 MHz, CD;OD) 6: 40.1 (C-1), 24.3 (C-2),
37.2 (C-3), 150.3 (C-4), 49.0 (C-5), 23.6 (C-6), 149.5
(C-7), 149.5 (C-8), 121.4 (C-9), 39.2 (C-10), 120.7 (C-
11), 173.2 (C-12), 8.3 (C-13), 18.6 (C-14), 107.5 (C-
15)0 LA EE0HE 5 0 s S A — 200, M et &
V) 41 HEARNBEL.

&Y 46: LEGRYY, BT & H ke, Kok
254nm N ERNRERE, 10%IKRERER £ B AN #4 E
ki ff, HR-ESI-MS m/z: 189.008 4 [M+Na]* Git54E
189.008 7, CsHeNaO4), H#EMI 73+ CsHeO40 'H-
NMR (600 MHz, DMSO-ds) J: 7.68~7.60 (2H, m, H-
3,6),7.59~7.57 (2H, m, H-4, 5); 3C-NMR (150 MHz,
DMSO-de) d: 130.8 (C-1, 2), 128.4 (C-3, 6), 132.8 (C-
4,5),168.7 (C-7, 8). LA L% ¥5 5 Uik B S A —
HOT, WEEEY) 46 AR —HIR.

3.5 CT-90E R FEZE 5 AR I IE

351 HMEFmMERNE RAARKRERERNA
BRI (18). HARNEEE (20). 8-F RN (28).
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XTIEH TEC-6 AARmE /ihsem. s8Rl 7-A fr
7~ B 18 1 30 525K FEAE 25~100 pmol/L X}
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umol/L %f IEC-6 ZMITCEEIE: a4 20 IREEACT 1
umol/L [N IEC-6 4HAETEEFE: 1EY) 41 Fl 46 452
WFEFE 12.5~50 pmol/L X IEC-6 ZHi L.
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umol/L I n] ¥ % DFMO AT EL (1) TEC-6 4Hjiig 4= K4
#il, LEY 41 EIRFERN 25~50 pumol/L i ] j¥if%
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IEC-6 ZHf A Hmil; Hib-54 18 il 20 Jo B2k
AR g5 1R, (A 28 (12.5~100 pmol/L)-
30 (50~100 pmol/L). 41 (25~50 pmol/L) F1 46
(12.5~50 pmol/L) F]{&# DFMO i 5 #] IEC-6 4H
HfL 1 5
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Fig. 7 Effect of main components in CT-90E on viability of IEC-6 cells induced by DFMO (X £s,n=5)
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