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A new ionone from n-butanol fraction of Curcuma phaeocaulis
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Abstract: The n-butanol fraction of Curcuma phaeocaulis was separated and purified using a combination of
chromatographic techniques, including reversed-phase medium-pressure liquid chromatography, gel column
chromatography, silica gel column chromatography, preparative thin-layer chromatography and reversed-phase
semi-preparative high-performance liquid chromatography. The structures of the isolated compounds were
elucidated through comprehensive spectroscopic analyses, including high-resolution mass spectrometry, infrared
spectroscopy, and nuclear magnetic resonance spectroscopy. Finally, three ionone glycosides were isolated from
C. phaeocaulis and identified as (6Z, 95) -4, 6-megastigmadien-3-one-9-O- f§ -D-glucopyranoside (1), (3R, 95) -
megastigman-5-en-3,9-diol 3-O-f-D-glucopyranoside (2), and blumenol C glucoside (3). Notably, compound 1 was
a new ionone, while compounds 2 and 3 were isolated from C. phaeocaulis for the first time. Subsequent
evaluation of cytotoxic and anti-inflammatory activities revealed that all three compounds exhibited cytotoxic and
anti-inflammatory effects.
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FANZRHEYEFEA Curcuma phaeocaulis Val.
J AR Curcuma kwangsiensis S. G. Lee et C. F. Liang
iR Al 4 Curcuma wenyujin Y. H. Chen et C. Ling [T
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Figure 1 The chemical structures of compounds 1-3

FERE5VHL
1 #HHWEE

twEMI AL EER K. [a]y —19.6 (c 0.04,
MeOH); (+)-HR-ESI-MS % i} #E 7> T & 7 & m/z
393.188 4 [M+Na]" (7151 C,H,,0,Na, 393.188 9), i
RN € H, 0, AR N S,

501 'H NMR #4 (3% 1) d, 3.18 (1H, dd,
J =92, 7.8 Hz, H-2"), 3.28 (1H, m, H-4"), 3.31 (1H, m,
H-5"), 3.35 (1H, m, H-3"), 3.67 (1H, m, H-6b"), 3.87 (1H,
m, H-6a’), 4.39 (1H, d, J = 7.8 Hz, H-1"); °C NMR % #3
(F 1) d. 103.9 (C-1"), 75.2 (C-2"), 78.2 (C-3"), 71.7 (C-
4"), 78.0 (C-5"), 62.8 (C-6") i 7~ f-Hi %) bk 5. JC (1) 17
1E. PR HEGE B BR3P IEE S [0, 1.19
(3H, s, H-11), 1.20 (3H, s, H-12), 2.28 (3H, brs, H-13)]

AT TASRUE (55 [0, 1.29 (3H, d, J = 6.2 Hz, H-10)]-
2N HEE 5 [0, 2.30 (2H, d, J = 5.8 Hz, H-2), 2.56
(1H, m, H-8a), 2.65 (1H, m, H-8b)].3 MK I 35 5 [4,,
4.00 (1H, g, J = 6.2 Hz, H-9), 5.91 (1H, brs, H-4), 5.95
(1H, t,J= 7.0 Hz, H-7)]. T (855 2008 2o 13 ANk
G5, & 4R (0, 28.2, 28.3, 25.1, 22.0).
2N FJE R (6. 53.7, 38.0) 3 MR R B [ 24
I (0. 129.2, 129.5) 1 1 AN SRR (6. 77.2)]-4 N2
B [ELA AN R EE R (0. 201.8) AT 2 N R (0. 159.6,
144.8)]. LA EH s 5 2 &4 (62,99)-
9-hydroxy-4,6-megastigmadien-3-one! ' 3F & FH UL, HE M
HoORE Y 0 E T

H— 25 K H 2D NMR XL &P 1 S5 M7 T %
5E o M#E 'H-"H COSY # # & 75 H-7/H-8/H-9/H-10 #H
F 55 LK HMBC i 71 H,-13 1 C-4.C-5.C-6 #H 5%,
H,-11 A1 C-2.C-1.C-6.C-12 #H 5%, H,-2 1 C-3.C-1 #H
K, H-7 F1 C-1.C-5.C-9 A/ %, H,-10 il C-8.C-9 4 K,
H-1"F1I C-ORLAH G, L] THEM 1 R A S (2)-4-[3-
(B -D-glucopyranosyloxy)butylidene] -3, 5, 5-trimethyl-2-
cyclohexen-1-one AH [F] {1~ T 45 #4, {H SCHR! ™™ A I o
Hf e 3 C-9 L 2 X 4 7Y

R E A A 1R LT R B P g A Bl e AT
WEFE KR I N A3 T e 1a, MRS RE (R D 5
SCHRM R TE B A — B, B U I — 3K, WOk E T
1ay (6Z,95)-9-hydroxy-4,6-megastigmadien-3-one
e, A1 B 4% 8 N (62,95)-4,6-megastigma-
dien-3-one-9-0O-f-D-glucopyranoside, U1 & 2 FT7x .
2 RINABREIEMIEN

K EREEE (MTT) iEX LG 1~3 KA Z £
F 2 (doxorubicin) % HeLa 2 fid . A2780 £ fifd 3 Fh 4]
Ao} Jie S8 200 PRLAR (1 400 J B 15 T R AT VR AR, SRR 45 SRR W,
3G P ¥ % HeLa 40 i (1 38 58 B A — 52 I 40 il 1
H, A A YIS AR B4, 3 2 o
3 MR ETEMEIEN

5315 B & A A P S AT ST T i X 50 pmol L,
I 4 HIAE FH RAW264.7 41 i (/) B 5 4% 5 W 40 i (9 1
TR A J) 48 hJ5 K I, A BAFIE FAE 90% LA b, 45 /K
B, Ak & W AE %K FE 5T RAW264.7 48 i 6 B S5 4 i 75
YE, G S R G ) S F AT o s TR T B A BRAR
o BHJE, ASLIE 5T 0.1% DMSO X} LPS (JiE £ ##)
AR I RAW264.7 41 f 35 ) J 98 45 R 7 NO & &= 11
s, N — A BT SR T FE IR I T R AL
GBI 3 ML A WAL A 1 G BA B BE 1 24 2 5
% (curcumin) X LPS i 5 ) RAW264.7 41 ffl ¢ Ji f5 1Y
HJE KT NO B o SEB6 25 R ILHF It 1a 7
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Table 1 'H NMR (600 MHz) and °C NMR data (150 MHz) of 1
and 1a. “Data were measured in CD,OD; "Data were measured in

CDCI,

Table 3 Inhibition of NO release from RAW264.7 cells by
compounds 1-3, 1a, and curcumin at 50 pmol-L"'. RAW264.7:

Mouse monocyte-macrophage leukemia cells

No 1 12" Compound Inhibition rate of NO / %

) Sy s J, e 1 1833 1.38
1 41.9 41.1 1a 36.24 £4.77
2 2.30d(5.7) 53.7 2.30 brs 53.0 2 27.90 +0.55
3 201.8 199.3 3 939 +2.88
4 5.91 brs 12942 5.91 brs 129.2 Curcumin 773 + 798
5 159.6 1449
6 144.8 156.1
7 5951(10) 1205 S741(7.0) 1268 VEBF 5 DA EUE TN R G IR . DU BT A% 9,
o e w0 248w 7 LRI RS A P B W A I S 35
9 400q(62) 772 394q(62) 68.3 228 o (I M R 20210200 T 3 AR B R P BA K
Lohdes O maen e FEFRIT S P, 4 9 22 1 o 2 b P Ao L B
Lo 83 Liss 282 B B2 I (L T R KW B T £ 4k 2 B 4
13 2.28 brs 25.1 2.22 brs 24.9 . N N N _ N
v amdos) e e LA R0 0 A B MK U, M S 0 R S Rk S
2 318dd(92.78) 752 Bir. DR AT SO0 SE 3 AR 0 TF T T 337 JE T4k 2 FR 4>
3’ 3.35m 78.2
4 328 m 717 /\I%s{l l:jé'}_ig]:'ﬂz —é‘{}\}‘}\qj %{?£U34\%§§Ié@ﬁ%
§o 0 KA o, KR AR A EY. TR, ks E
b asrm ‘ TF T 90 T 40 Ak 25 10 43 7 6 TS o 110 A PR32,
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Figure 2 Structure of compound 1 and its key HMBC and 'H-'H
COSY correlations
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Table 2 Inhibition of HeLa and A2780 cells by compounds 1-3
at 50 pmol-L" and doxorubicin at 1 pmol-L"'; HeLa: Henrietta
Lacks cells; A2780: A2780 human ovarian cancer cells

Inhibition rate / %

Compund
HeLa A2780
1 3096+ 1.16 <20
2 2993 £11.57 <20
3 23.07 £0.79 <20
Doxorubicin 81.7+2.71 92.0+0.58

50 pumol L™ B X NO BB FBCE A — e i /E F, L T34
B, PLRIETERAE, IR 3R, RUED LERAE

HERARPR N P R R —EEH .
4 g

HEFHA (C. phaeocaulis) 973 % 1) )| 7= 18 Hh 25 #1 ,
PIAREE R 2 NN H A AT RS B S < DR, &R

AWML EEL SRR P I PR T S0
G 59 45 0 BRI B BB T, T A D). O
TR, IR T A A S S R ) 6 ) M R 2 B

48 2 2 R S 00 5 BRI 77 1) — 2R e oy, F R A 34k
SR IG ST, R T MR &Y, TR AT
A BT N R R RS A, BT 2
'é“fi‘iﬁ‘ré[”'z” BURHIE U R, 5% 2B 7y e 538
o 470 1) b RS £ I 4 B R AR R i U T A 2 EE LA R
UM B, ARSI HE— P B2 34
R WA E YT 75 BRI R DR 5 1 4
MR AN PT ARG TEPPAY, 25 R, X S e Lid
PS5 TP R B — 58 i A
L8 ERTIR, ASLR I T OEIRA TR R — R Y
ZEAGTAE 25307 — B R RO, i P IT R 3R

ARIET R AR D 2B H RS W5 HUM R o DA 5%
T 4 0 7 K B0 4% 3 PR B R T T, e B s P AR AL

R M RENE, BECRIFARZE . XK
BLFE 7, JE 3R AT RE 4 & A S A 04 R 4R s 1
T D o B, A g R IRNR AL

SMUTE

HEIFRARGM R T WY)NE ZMH =ILERNN, &
FSCHR F 8 24 K 5 v 40 ) AR 4 8 N EFRR (C. pha-
eocaulis) 1T JR M 25, Y b5 A (CP-20180303) fR 17
T RCHS s 24 K 5 1 R R 2 0 BT 2 R G
FLIT o

FRESHRAX (Bruker Avance-NEO-600 NMR, Bruker
Avance-NEO-700 NMR, € [E Bruker A #@)); £ # {6
BRI B CPINKIE TR AR A F]); D101 KL
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W BRI (AR R AL 2 i B BR S D ); g 2 B (A6 s FF
R 3 A ) H R AR A 7); Rudolph = K B iE Ot 4X
(Autopol I, 3¢ [E &1 KA F); ZL4M61E1X (Agilent cary
600 FT-IR microscope instrument, 5= [F Agilent A &]);
34X (Applied Photophysics Chirascan CD Y14,
EE R B A D), S X (Synapt G2 HDMS
instrument, 3 [& Waters 24 &) ); e 5% 25 KX (RE-2000A,
Wl S 50 A #%); PO VAR B RS {X (Bachi Grandient
Former B-687); HPLC 1% (Agilent 1100); 3# 2 # KA1 2
WTHEIRE (F B R TR ), 2R (GF254 ik fig
il %% R AR, S VLK), i S & (Sephadex LH-20,
Amersham Pharmacia; HW-40F, Toyopearl); 157l (i
4li, Sigma; 4> M4, AR AL A7) ); MILLI-Q 46
JKAX (35 [ Millipore 24 7]); SANYOMLS-3780 451256
R K (HASSANYO A #); SW-CJ-2F XA U]
WL TAE G (FF N34k 13 % F BR 2 &]); Forma Series 11
Water Jacket CO, 44 . Varioskan Flash Multiskan MK3
Aty 5 AX (2% [ Thermo /A w]); DMEM 1 7% 2 (it 5 :
8120501, Gibco A Al); HtEA-ILiE (FBS, #t5: 20090301,
WL RTAEAD); 8RR S22 vhil (PBS, #lk5: 00005197-
240232, Jb 50 A2 G A ); DMSO (48 i 3 77 4%, it
51 710N033). Hoechst33258 %L 4 i . Ji &% 1§ (YM,
I 5 : 9100041) (Solarbio 72 7); BEM: 5 (MTT, L5
EZ6789A155, BioFroxx /& #); Annexin V-FITC/PI X 4%
041 AR IR T AG R R B (FiE S 20201009, e IR AE
¥I); HeLa (N 5 205 41 i) A2780 (A 5P 5198 41 i) ¥
I H 3¢ [ ATCC; JI§ £ M (lipopolysaccharides, LPS, it
51 039M4004V, Sigma 2 #]); — A 4 ZAR R 7 &
(5 011020200920, B 2= K).
1 RESSS

50 kg ZEFL AR B J5 F 95% LI Rl 4 X 3
W, BRI 3 h, R4 G KRB TR R T K, AR A i
fik\ 08 OB IE T BE2EHL . 70 R4 R A5 A W BHR B
(1 kg)« LR LFRIRE (300 g) AIE T HEHRZH (500 g). 1E
T EEARZ RS RE, P OBE—TK REE (0%-20%
50%-70%- 95%) 5 & e i, ¥R 4 43 5 AN 4> (A~E).
C L5y & oM i R A €3, LLH B -7K R4 (30%~
80%) Hf B P MAS B 17 MR 4 (Fr.1~Fr.17). Fr.3 &t
JE A €5 3 (CH,CL,-MeOH = 1: 1) ¥ i 13 2 7 4N 4
(Fr.3-1~Fr.3-7), Fr.3-4 H 7 & 5 X4 3% (CH,Cl,-
MeOH =200:1~0:1) B B e i3 2 15 MR 5 (Fr.3-4-
1~Fr.3-4-15), Fr.3-4-12 £ &t A €11 (90% MeOH-
H,0) Pl #3583 N4 (Fr.3-4-12a~Fr.3-4-12¢), H
Fr.3-4-12b £ e A2 4 HPLC (1 mL-min™, 37% MeOH-
H,0) 328t 5911 (2.0 mg, £, = 140 min). Fr.3-4-13%

I R R B (20%~60% MeOH-H,0) 4 2515 2|
45 (Fr.3-4-13a~Fr.3-4-13d), H: 1 Fr.3-4-13b 42
# TLC (CH,CL,-MeOH = 6:1) 7> B J&, F 4 S AH 2
# HPLC (1 mL-min, 40% MeOH-H,0) 73 #|1k &4 3
(2.0 mg, £, = 140 min). Fr.3-4-14 4 Ik 4 08 e b Fek 2 bk
3 | & TLC 70 & )5, 2 Jx A F i & HPLC
(1 mL-min", 45% MeOH-H,0) 4i{t15L542 (3.0 mg,
t,= 80 min),
2 BEEAENKER N

X FEFREA 43 B 45 210 HF Ak & ) i 2 Bl AT
KA S, 3 S B R I8 A £ P R 24 g, o | L 29k
126, S8 J5 0N Z2 32 1 B 45 1 5 G A HLal 0] il g
W, B M\ FE T S 4K, B 37 °«CIfE iR
T 3 4 45 4% HH OB 48 hJE, &b B, H#EAT TLC &
W, WA RN 584 G, i % 2R LB AL 3~5 i,
RO (B F LR L EEFRAL (F0), 7 Bk 46 15
FIAH R RLF=H o T 7K FBAL IR SN2 ), 254 AH B
R ) R 0T L AT U ) B A T R RE R
M0 T B8 C B BAL I B B4 M i@ ik HPLC #4743
B alify, i J5 i i 1D NMR Al 2D NMR 5 iiE 5 I 1)
45K .
3 HHEE

a1 BETERMAK. [a]y —19.6 (c 0.04,
MeOH); UV (MeCN) A _, 295 nm; IR (ATR) v, : 3 354,
2924, 1648, 1514,1457,1376,1261,1 159,900, 789,
681 cm™; (+)-HR-ESI-MS m/z 393.188 4 [M+Na]" (it
HAH: 393.188 9), 4> T 3\: C,,H,,0,; '"H NMR (CD,OD,
600 MHz) Fil'*C NMR (CD,OD, 150 MHz) ¥4 a1 1
Fis, B 1R .

a2 AEEEMA. (+)-HR-ESI-MS m/z
397.214 9 [M+Na]’, #&x Hor 74 1A C H,,0, (GH 5
fH:397.219 6). 'H NMR (600 MHz, acetone-d,) d,: 4.47
(1H, d, J = 7.7 Hz, H-1"), 4.05 (1H, m, H-3), 3.85 (1H,
m, H-6'a), 3.74 (1H, m, H-9), 3.68 (1H, m, H-6'b), 3.41
(1H, m, H-3"), 3.36 (1H, m, H-4'), 3.32 (1H, m, H-5"),
3.16 (1H, m, H-2"), 2.32 (1H, m, H-4a), 2.20 (1H, m, H-
7a), 1.99 (2H, m, H-4b, H-7b), 1.83 (1H, m, H-2a), 1.65
(3H, s, H,-13), 1.52 (1H, m, H-8a), 1.50 (1H, m, H-2b),
1.43 (1H, m, H-8b), 1.16 (3H, d, J = 6.2 Hz, H,-10), 1.07
(3H, s, H,-12), 1.05 (3H, s, H,-11); "C NMR (150 MHz,
acetone-d,) J.: 138.4 (C-6), 124.6 (C-5), 102.2 (C-1"),
78.2 (C-3"), 77.4 (C-5"), 75.1 (C-2"), 72.2 (C-3), 72.0 (C-
4"), 68.2 (C-9), 63.2 (C-6"), 47.5 (C-2), 40.8 (C-8), 39.7
(C-4), 38.4 (C-1), 29.8 (C-12), 28.8 (C-11), 25.3 (C-7),
24.0 (C-10), 20.1 (C-13). LA b H5 4 FSCHRE 0 R — 2,
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%5 % N (3R, 9S) -megastigman-5-en-3, 9-diol 3-O-f-D-
glucopyranoside

a3 AL ERKH K. (+)-HR-ESI-MS m/z
395.204 9 [M+Na]’, f& 7~ 70 T4 BN C H,,0, (5
fE: 395.204 6). 'H NMR (600 MHz, acetone-d,) 6,;: 5.70
(1H, s, H-4), 4.36 (1H, d, J = 7.8 Hz, H-1"), 4.11 (1H, m,
H-6'a), 3.81 (1H, m, H-9), 3.64 (1H, m, H-6'b), 3.43
(1H, m, H-3"), 3.36 (1H, m, H-4'), 3.28 (1H, m, H-5"),
3.14 (1H, m, H-2"), 2.01 (3H, s, H,-13), 1.20 (3H, d, J =
6.3 Hz, H,-10), 1.07 (3H, s, H,-12), 0.99 (3H, s, H,-11);
“C NMR (150 MHz, acetone-d,) J.: 198.3 (C-3), 165.6
(C-5), 125.5 (C-4), 103.9 (C-1"), 78.2 (C-3"), 77.3 (C-5"),
76.7 (C-9), 75.2 (C-2"), 71.9 (C-4"), 63.2 (C-6"), 51.9 (C-
6), 47.9 (C-2), 37.2 (C-8), 36.9 (C-1), 29.0 (C-11), 27.5
(C-12), 26.2 (C-7), 24.6 (C-13), 22.2 (C-10). LL I ¥
FISCHERPT HE — 2, % 72 4 blumenol C glucoside.
4 RINABRESIEMEIRN

B oy B itk &9 (26 > 99.0%) % T DMSO,
JC SR BE 2 50 mmol L AL & 4 B % FH o 7ETE IR 48
fu 5 7744 (37 °C, 5% CO,) F, A DMEM K% 373 (10%
FBS. 1% XU 1) 43 7 15 9% A2780 4 fg fll HeLa 41 fig . 24
20 L K 2 2 80%~90% I, PBS i ¥ — W X, A
2 mL 0.25% i i 5 1k, A2780 Fl HeLa 41 i 5 51 31 1k
2.4 min, i1 A\ 2 mL DMEM % 7% 3 (10% FBS) % 1k
WAL, RIT VKI5, K T3 4 i B B B0, B
800 r'min” 0 3 min. Wt IR, B 4 4 L i 75
4 6~8 mL FIE IR FE (10% FBS. 1% W) f 8 75 1
W, FEEFRRAAR ARG TR . FRANIE K 22 80%~90%,
AL B LT3, A2780 FiT HeLa 41 43 ) LLAEE L 3 500 4
P Rh 2 96 FLAR, BEFL 100 pL 5% 77 3E (10% FBS. 1% XU
). BEANMEEFER TS 9% 24 h, LI A A R4
(1% FBS DMEM) FIZ5 2540 (% 1% FBS 5K 43 51 A
100.50.25.12.5.6.25.3.13 pg-mL" £l 254 () DMEM),
TFLH BRI B 6 N SEAL, REFL 100 pL, 45 24 J5 4k 424 37
48 ho L2 B E 6 NN 20 uL 3K FE N 5 mg-mL™! (¢
MTT GRECELH), 4k 2: 8558 4 h, e BIEWR, B
Y5 2 DMSO 150 uL, T EEFRAX 570 nm K F A%
JEPE (OD) fH . 4% T 512 vt 55 245 1 1 240 o 400 1) 2.
2 Y 4 BRI A 3 % = [1 — (45 25 411 1) OD /4% F 4
H&ZH ~F 15 OD fE)] *x 100%.
5 IRIMRRIEMITEMN

B IR I T BEE AL B 2k A &) (P >
99.0%) ¥ T DMSO, B S £ 24 50 mmol- L AL A4
BRRAH] . AN ISR, THFRME (37 °C.5% CO,) 11,
DL DMEM }53: 52 (10% FBS. 1% W #i) 5555 RAW264.7

I 01, A 4 K & 80%~90% I, i 2 mL PBS i
Be, M\ 2 mL 0.25% 8§74 44 4 min /5, A 2 mL 5%
723 (10% FBS 1% W) &1k Wtk, BT R, #
B2 15 mL E.08EF, L8800 r-min &0 3 min, W 2= F
TV, N 2 mL B 3R TR AT, W1 mL EH A 6~
8 mL 8% 97 3L (10% FBS 1% XUHt) iR A), #5525
fR B IR LA 55 57

HEE 5~8 AR H K % 80% 1 H Ar 4 M, LLAE AL 5x
104N B 35 5145 7 1 96 FLAR, #-FL 100 pL #5772 (&
10% FBS), B X 7=/ h 15 9% 24 he S238 4 N2 EI IR
(A 1% FBS (85 3738 A 20 41 (5 25k 40 3
43.13.6.25.12.5.25.50 pmol-L™ x fH AL &) 1%
FBS #5775 4%), HIRIE3INE L. HAGHLLIFE 48 h,
BEE I S mg-mL" BURC ) MTT 4L 20 L, 4k 83577
4hfE, Wk BIEWR, BEALA NN 150 pL 40 f 55 77 4%
DMSO, TEg#r4% 570 nm 3L ODH, v 55 41 M £7 3%
o LA IS % = (4 25473 OD /2= B ot HR 40
*F3JODH) x 100%.

6T %504 K A HL K & 80% [ RAW264.7 41 fifl, LA
FHFL 5 10* 4 A1 42 5L 100 uL DMEM (10% FBS) %
Tl 96 FLAR, WG EE f5, 50 B AL 2 9 2 0 R ZH L LPS
PRI (1 pg-mL™") FIA 2541, ¥ %, 25 (A0 HE 4 R A
R0 3545 jRRF L 100 WL JC I DMEM, %52 (F i
3595 3.13.6.25.12.5.25.50 pmol-L™ 254 (4 J¢ IfiL 7%
DMEM), & L4525 100 L, Hikb# 24 h. F DMEM ¥
LPS G 1 pg-mL (138 B 25 ¥ T, #4725 11 0] Bt 4 388 ol
£F£L 100 pL JE 1L 1% DMEM, 458 41 | 45 25 41 5 i 4 5L
BN 1 pg-mL™ 3% 855 25 ¥ W 100 uL, 4k 252 55 7% 4b 2
24 ho % NO B & B AT 5 AE, 2 F AR vk i i i
iV A 1 2R, #6965 R IS 11 96 FLAR, e FLHL
50 uL FOAH B s 77 EIEWT BT 96 FLAR, 85 B 4L 730
e FE N 50 uL #J Griess Reagent I 11 Griess Reagent I,
PEA)JE T B AR AL 540 nm Nl € F: ODH, il sz 45 R .
o hr o it 28 1H 5 NO & &, IR B NO B ) R .
NO BN H] %% = (A A NO P& & - H2id
NO V3 & &)/(F 4L NO T & & -2 A5 4L NO
FHE )] < 100%.
6 HEGIT

K45 % F SPSS 19.0 43 #7441 fifd 448 5 1 1) 2 . &4
JAFIE 3R S NO MR BE LTI + hRiE 22 (v £ 5) FoR, L
PR A IE 25 40 A0 B 7 22 55 4 18] £ 4 $CR FH One-Way
ANOVA f 58, AFF & IES M ZA4AF KA ES
K. P<0.058LP<0.01 BRmZERAE S IT%E L.

{EZ TIMR: 3T A NASCEE —1F8, T 0 8 454
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