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Chemical Constituents of Atractylodis Macrocephalae Rhizoma
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(Medical College, Hunan Normal University, Changsha 410013, China)

[ Abstract ] Objective: To study the chemical constituents of Atractylodis Macrocephalae Rhizoma.
Method: The compounds were isolated and purified from ethyl acetate extract of Atractylodis Macrocephalae
Rhizoma by using a combination of chromatographic techniques. Their structures were elucidated on the basis of
thierphysico-chemical properties and spectroscopic data analyses. MTT method was used to assay the cytotoxicity
agianst HeLa cells. Result; Sixteen compounds were isolated and purified from ethyl acetate extract of Atractylodis
Macrocephalae Rhizoma and determined as 1-acetoxytetradeca-6E, 12E-dien-8, 10-diyn-3-0ol (1), 3-
acetoxytetradeca-6F, 12E-dien-8, 10-diyn-1-ol (2), tetradeca-6E, 12E-dien-8, 10-diyn-1, 3-diol diacetate
(3 ), l4-acetoxy-12-senecioyloxytetradeca-2E, 87, 10E-trien-4, 6-diyn-1-ol ( 4 ), l4-acetoxy-12-
senecioyloxytetradeca-2E, 8E, 10E-trien-4, 6-diyn-1-ol (5), atractylenolide [ (6), atractylenolide I (7),
atractylenolide I (8), biatractylenolide (9), juniper camphor (10), taraxerylacetate (11), 3B-acetoxy-12-
oleanen-11-one (12 ), 7-hydroxy coumarin (13 ), octacosanic acid (14), heptadecanoic acid (15), 7-a-
hydroxyl-B-sitosterol (16). Conclusion: Among them, compounds 1, 2, 16 were isolated from the species firstly
and compounds 12-15 were isolated from the genus of Airactylodes for the first time. Compound 6 showed good
inhibitory activity against HelLa cells with 1C, values of 15.6 wmol - L~

[ Key words ] Atractylodes  macrocephala; 1-acetoxytetradeca-6E, 12FE-dien-8, 10-diyn-3-ol;
Atractylodes ; cytotoxicity ; 7-a-hydroxyl-B-sitosterol
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R 77 T WL 28w RS A 2 TR R
ML IR Y,y 2015 4F Jrb [ 24 4 ) i 280
Rl ELA I AR R A K IR R R D3
FIARGEAL GE b 24577 50 0 e iz i b 25 b 2 — A7
“TITRTZul, AL MR RV ARAEAT
25 PSR STR T B AR I
A5 AR GEUE SE R 22 08 X 2 v g g ) HoA W
PEHO L A, AR E ELA B BB R 1 L 3
Xf Bt s PG 40 MO L IR HL-6 40 A 4 1 i 4 s
FTT S e SR R R L B 1 S R, 4 R
FET-RALR T FUMRIE . K IR 25 2 B b6 2459 % B
0 HH R, M b 2 v ke IR T R U Y A RO O
2 BB E SR 25 W) A RGR AR, T TG T R OR
PU B S 0I5 N AR I HRGE

FIARAR S 0 Y 0 28 b TR e &
Wy L Y AN R R B AR 2 T A R I R
R R/ P R NER RN S IIER S
MR 15 12 Fifbeilior . T R AR RHRE L F
SRENSHGER D HIAA I R, FER AR
[F] 1 T R AT 42 L, B UL G T LR 2R ST 42 L)
A Mo il . O, AR R SR &
P 2 RO Ak 2 o AT T R GEAT ST, B R B
B U BT RIS R BT R 25 240 B A Ak Y
s P BEAR YR |, 2 1A 22 A ) 25 T A 1Y i — 2B
Ko
1 ##

AV-500 MHz % #8 S 4% % 2 35 4 (1% [ Bruker
/N #] ), Finnigan LCQ-Advantage %! Jii % 4%,
Multiskan™ GO 2 fif #7: 1% ( Thermo Scientific ), 3111
I CO, B FE 48 (Thermo ) ; B 2 3L M 1ML W Wy H
HyClone 24w, # )22 €435 ik & GF,, FIHE €835 ik 2
(200 ~300 H ) #2455 &4k ) A==, LH-20 #!
FLN HL A B M B i ( Sephadex, H A% Toyopearl Tosoh
ZcE]), LC-8A B M AH (4 35 AL (H AR B i),
Sinochrom ODS-BP {4 3% #: (50 mm x 10 mm, 10
pom AR FRE ) HAB IR R 34 Sy o3 B 0 50 1% 2l
B Hela 4 M #k Wy [ [ A 35 378 ) O) i
S AR

FIARZG M B KV & FE T 25 M i A7, 2291 /g Ul
TR R 7 Bt B ) B R B S N A RHE Y AR
Atractylodes macrocephala 1) R Z£, Fr A& ( No.
20130519 ) PRAF T W) B DIl R “# BE BE 25 2 &R
2 RESE

WA ARZG A 10 kg, ARy BEHLEY B 24 20 ~30 H

. 44 -

i, 0 3 f5 i R TR 3 IR, BIR T d, & IR
TR e 4 [T PR L TR A IR FY 185 g IR 4R IR
YrbERE HEAT RE RS 3, DA A k- £ R LR (3001,
20:1,10:1,10:1.5,10:2,10:4) B BE VLW, BT A 7 4
% TLC ¥ )G & 35415 8 N4y Fr. A ~Fr. H, Fr.
A 25 IE R B RS RE 15, DA i k- 2 R £ TR B B VR
W, TLC # I 5 & JF 5 15 3 5 N4 (Fr. Al ~ Fr.
A5) . Fr. A3 2 gk e AF (038 F1 45 15 Bl &
11(120 mg) ,Fr. A4 £ Sephadex LH-20 #F ( H 5 45
FEBEE ) Al 4 HPLC[ L )E-7K (45:55) 1, 73 545 %)
AW 13(6.5 mg) ,Fr. AS 28Rk ek R 45 )2 4
ARG 12(12.5 mg) . Fr. B &6 RAE 65,
DAAT Bk - R £ TR, B0 BE YRR, 4y B AR B4k 5 W 7
(200.0 mg) F114(35.0 mg) , Fr. C ZRERAE A5,
PLAMEE- O TR O R 58 (200 1) Ve, 15 21 10 SR
4% Fr. C1 ~ Fr. C10,Fr. C2 ~ Fr. C4 #f 4 [ {4 , 8 & 4%
iS5 AR 24k A ) 15(200. 0 mg) , Fr. C8 ~ Fr. C9 #f
EA, 2 45 55 1R E kA 10 (110.0 mg)
Fr. D 28k AT 38, DA imik- £ R £ R (3001 ~5¢
1) Yl 46 B2 v i, TLC & JF 5 45 2 5 A>3 43 (Fr.
DI ~Fr. D5),Fr. D3(10: 1) #r i difh , & £ 1R £ T
LR EMEE Y 9(120.0 mg) , Fr. E #rili i
WK, 2 7 8 A, Sephadex LH-20 4% [ = & FY -
(1:1) ] e EEE G sb &9 6(1.5 g) . Fr. F
GG AT M S B B 5 8(3.5 g),
16(9.5 mg) . Fr. G ZrEAE, LA -2 B 4 B
BEMLAR B2, 45 3] 60 A~ 4> (Fr. G1 ~ Fr. G60) , Fr.
G3 ~Fr. G5 il % HPLC[ £ JiE-/K (55:45) ], 44 3
&Y 3(13.0 mg) ,4(18.5 mg) ,5(16.7 mg) , Fr.
G8 ~ Fr. G12 £l % HPLC[ ZJi5-7K (50:50) 1,15 %
&% 1(8.0 mg) ,2(9.0 mg) ,
3 LT

a1 REEMRY, 5T =& Wk,
ESI-MS m/z 283.1 [M + Na]*,'H-NMR ( CDCl,,
500 MHz) 6:6.38 (1H, dq, J=16.0, 6.0 Hz, H-
13),6.31 (1H, dt, J=16.0, 6.5 Hz, H-6),5.70
(2H, m, H-7, 12),4.36 (2H, t, J =6.5 Hz, H-
1),3.75 (1H, m, H-3),2.18 ~2.42 (2H, m, H-
5),2.11 (3H, s, 1’-CH,),1.93 (2H, m, H-=2),
1.82 (3H, dd, J =7.0, 1.5 Hz, 14-CH, ), 1.63
(2H, m, H4), “"C-NMR (CDClL,, 125 MHz) §:
60.8 (C-1),36.2 (C-2),68.9 (C-3),36.1 (C-4),
29.7 (C-5),145.3 (C-6),108.3 (C-7),80.0 (C-
8),73.1 (C-9),73.5 (C-10),80.1 (C-11),110.2
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(C-12),144.0 (C-13),19.9 (C-14),171.6 (1'),
20.8 (2'), 454 'H-"HCOSY,HSQC } HMBC ji %}
ZALS i S5 T AT IH R DL S R 5 S
BRLI2 VB A — 3, i 2 G 1 o 1-C A
F6FE 12E-—J5-8,10- " K -3t

e 2 REEWMRY, 5ET =& AWk,
ESI-MS m/z 283.1 [M + Na] " ,'H-NMR ( CDCI,,
500 MHz) §:6.35 (1H, dq, J=16.0, 7.0 Hz, H-
13),6.27 (1H, dt, J=16.0, 7.0 Hz, H-6),5.67
(2H, m, H-7, 12),5.20 (1H, m, H-3),3.65
(2H, t, J=6.5 Hz, H-1),2.15 ~2.30 (2H, m, H-
5),2.11 (3H, s, 1’-CH,),1.93 (2H, m, H-=2),
1.81 (3H, dd, J =7.5, 2.0 Hz, 14-CH,),1.70
(2H, m, H4), "C-NMR (CDCl,, 125 MHz) §:
60.5 (C-1),37.9 (C-2),70.4 (C-3),33.4 (C-4),
29.6 (C-5),145.3 (C-6),109.0 (C-7),80.2 (C-
8),72.6 (C-9),73.0 (C-10),80.7 (C-11),108.9
(C-12),144.1 (C-13),19.1 (C-14),172.1 (1'),
20.9 (2') o DA bl #di 5 SCmk [12 ] el BeA —
M EEY 2 R 3-L WA FE-OE  12E-" 1% -8
10-—f-1-F

a3 REEWMRY, 5ET =& Wk,
ESI-MS m/z 325.1 [M + Na]*,'H-NMR ( CDCl,,
500 MHz) §:6.47 (1H, dq, J=16.5, 7.0 Hz, H-
13),6.32 (1H, dt, J=16.0, 7.0 Hz, H-6),5.71
(1H, d, J=15.5 Hz, H-7),5.60 (1H, d, J=15.5
Hz, H-12),5.00 (1H, m, H-3),4.23 (1H, t, J =
6.0 Hz, H-1),2.20 (2H, m, H-5),2.10 (3H, s,
1'-CH,),1.97 (2H, m, H-2),1.82 (3H, dd, J =
7.0, 2.0 Hz, 14-CH,),1.71 (2H, m, H4), “C-
NMR (CDCI,, 125 MHz) 8:60.2 (C-1),33.4 (C-
2),70.4 (C-3),33.3 (C4),28.7 (C-5),145.4
(C-6),108.9 (C-7),80.2 (C-8),70.4 (C9),74.5
(C-10),80.4 (C-11),111.4 (C-12),144.1 (C-
13),18.9 (C-14),171.0 (1'),20.9 (2"),172.1
(17),22.3 (2") o LA b Wi icd 5 3ok [ 12 ] 4
A—F e G Y 3 O 6, 12E-1 T ik —4%-8 ,
10-—k-1,3- 5 2 R T

LaW 4 IREEWMRY, 5T =AWk,
ESI-MS m/z 379.1 [M + Na] " ,'H-NMR ( CDCI,,
500 MHz) §:6.75 (1H, dd, J=16.0, 11.0 Hz, H-
10),6.49 (1H, dd, J=11.0, 10.5 Hz, H-9) ,6. 42
(1H, dt, J =16.0, 5.0 Hz, H2),5.83 (1H, d,
J=16.0 Hz, H-3),5.80 (1H, dt, J =15.5, 6.5

Hz, H-11),5.53 (1H, d, J =10.5 Hz, H-8),5.49
(1H, m, H-12),4.28 (1H, dd, J=5.0, 1.5 Hg,
H-1),4.10 (2H, t, J=6.5 Hz, H-14),2.00 (2H,
m, H-13),2.17 (3H, s, H4') ,2.08 (3H, s, H-
3"),1.90 (3H, s, H-5"), "C-NMR (CDCl,, 125
MHz) §:63.6 (C-1),145.7 (C-2),108.9 (C-3),
81.0 (C-4),75.2 (C-5),78.8 (C-6),80.7 (C-7),
110.9 (C-8),142.5 (€C9),129.0 (C-10),136.0
(C-11),69.8 (C-12),33.4 (C-13),60.5 (C-14),
165.5 (1'),115.6 (2'),158.0 (3'),20.3 (4"),
27.5 (5'),171.0 (17),20.9 (2") . DL I U 18 %k 4
HOCER 13 ] il A — 3, M et G 4y 12-
S L R - 14- 2 B4R 2K, 82, 10E-= 44 ,6-
He-1 B

&Y S REEWMRY, 5T =& Wk,
ESI-MS m/z 379.1 [M + Na]*,'H-NMR ( CDCl,,
500 MHz) §:6.70 (1H, dd, J=16.0, 11.0 Hz, H-
9),6.42 (1H, dt, J =16.0, 5.0 Hz, H-2),6.31
(1H,dd, J=15.5, 11.0 Hz, H-10),5.86 (1H, d,
J=16.0 Hz, H-3),5.76 (1H, dt, J =16.0, 7.0
Hz, H-11),5.69 (1H, d, J=16.0 Hz, H-8),5.43
(1H, m, H-12),4.28 (1H, dd, J=5.5, 1.5 Hg,
H-1),4.11 (2H, t, J=6.5 Hz, H-14),2.05 (2H,
m, H-13,2.17 (3H, s, H4'),2.09 (3H, s, H-
3"),1.90 (3H, s, H-5"), "C-NMR (CDCl,, 125
MHz) 6:63.6 (C-1),145.6 (C-2),109.0 (C-3),
80.8 (C-4),80.2 (C-5),75.3 (C-6),70.2 (C-7),
111.9 (C-8),143.5 (C9),131.0 (C-10),134.6
(C-11),70.3 (C-12),33.3 (C-13),60.3 (C-14),
165.6 (1'),115.6 (2'),158.0 (3'),20.7 (4"),
27.5 (5'),171.0 (1"),20.9 (2"), Lh b il 3% % 4
SOCHR 13 ] il A — 3, et G5 5 o 12-
S B R -14- 2 B4R 2E 8 10E-= 44 ,6-
He-1

fkaEwe A, BT = Wk .CRa
figs, ESI-MS m/z 233.1 [ M + H]'.,'H-NMR
(CDCl,, 500 MHz) 6:4.85 (1H, brs, H-15) ,4.81
(1H, s, H-8) ,4.58 (1H, brs, H-15),2.70 (1H,
dd, J =13.5, 3.0 Hz, H-6a),2.33 (1H, m, H-
38),2.30 (1H, m, H-68),2.27 (1H, m, H98),
2.02 (1H, t, J=3.0 Hz, H3a),1.83 (1H, m, H-
5),1.80 (3H, s, 13-CH,),1.62 ~1.60 (2H, m,
H-2),1.56 (1H, d, J=12.5Hz, H9),1.31 (1H,
m, H-18),1.13 (1H, t, J =12 Hz, H-la),0. 87

.45 .
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(3H, s, 14-CH;), “C-NMR (CDCl,, 125 MHz) §:
40.8 (C-1),22.3 (C-2),36.3 (C-3),148.4 (C-
4),49.9 (C-5),25.7 (C-6),162.5 (C-7),77.9
(C-8),47.5 (C-9),36.9 (C-10),120.1 (C-11),
174.7(C-12),8.19 (C-13),16.4 (C-14),106.8
(C-15) o Db il 5 Scmi [ 14 ] 4l B A — 3,
o ERG Y 6 HEARNAER T .

EWT Ats R, BT = @R . LKL
fis, ESI-MS m/z 231.1 [ M + H]'.,'H-NMR
(CDCl,, 500 MHz) §:5.58 (1H, s, H-9),4.89
(1H, s, H-15),4.61 (1H, s, H-15),2.69 (1H,
dd, J =17.0, 3.5 Hz, H-6a),2.52 (1H, t, J =
13.5 Hz, H-68),2.35 (1H, m, H-38),2.33 (1H,
m, H3a),2.02 (1H, m, H-5),1.88 (3H, s, 13-
CH,),1.58 ~1.71 (4H, m, H-1, H2),0.92 (3H,
s, 14-CH,), "C-NMR (CDCl,, 125 MHz) §:39.0
(C-1),22.6 (C2),36.1 (C-3),148.2 (C-4),48.3
(C-5),23.0 (C-6),148.0 (C-7),120.3 (C-8),
147.9 (€9),38.0 (C-10),119.0 (C-11),171.2
(C-12),8.3 (C-13),18.4 (C-14),107.3 (C-15),
DL e 5 SCHER [ 14 ] 408 B A — 20, B 1k
EWT HEARNEI .

k&8 Attt SET = k. CRa
fis, ESI-MS m/z 249.1 [ M + H]'.,'H-NMR
(CDCl,, 500 MHz) 6:4.85 (1H, d, J=1.0 Hz, H-
15a) ,4.58 (1H, s, J=1.0 Hz, H-158) ,2.61 (1H,
dd, J=13.0, 3.5 Hz, H6a),2.43 (1H, W, J =
13.0, 1.5 Hz, H-68),2.35 (1H, m, H-38),2.28
(1H, d, J=14.0 Hz, H9B),1.92 ~1.99 (1H, m,
H-28),1.84 (1H, m, H-5),1.80 (3H, s, 13-
CH,),1.64 ~1.55 (3H, m, H-18, 2a, 28),1.53
(1H, d, J =14.0 Hz, H9«),1.22 (1H, m, H-
la),1.02 (3H, s, 14-CH,), “C-NMR ( CDCl,,
125 MHz) §:41.2 (C-1),22.2 (C-2),36.0 (C-3),
148.6 (C-4),51.6 (C-5),24.6 (C-6),161.3 (C-
7),104.0 (C-8),51.0 (C-9),36.6 (C-10),121.8
(C-11),172.9 (C-12),8.1 (C-13),16.5 (C-14),
106.7 (C-15) o DL b i 3% c4s 5 Sk [ 15 ] 4l 55
A2, etk &Y 8 HEARNERIL .

Eawo HEBRR AR, ST = Pk,
MW T 4 & g, ESI-MS m/z 463.2 [ M +
H] " .,'H-NMR (CDCIl,, 500 MHz) §:4.86 (1H, s,
H-158) ,4.64 (1H, s, H-15),2.82 (1H, d, J =
14.5 Hz, H98),2.76 (1H, d, J =13.0 Hz, H-

- 46 -

6B),2.64 (1H, dd, J=13.5, 3.0 Hz, H-6a) ,2. 35
(1H, d, J =13.0 Hz, H-38),1.94 (1H, m, H-
3a),1.74 (3H, s, 13-CH,),1.72 (1H, m, H-5),
1.64 ~1.58 (3H, m, H-18, 2a, 2B8),1.41 (1H, d,
J=14.5 Hz, H9«),1.23 (1H, m, H-la),1.12
(3H, s, 14-CH,) ., "C-NMR (CDCl,, 125 MHz) §:
42.2 (C-1),22.4 (C-2),36.0 (C-3),148.0 (C-
4),53.0 (C-5),28.0 (C-6),164.6 (C-7),89.4
(C-8),49.8 (C-9),37.0 (C-10),124.5 (C-11),
172.0 (C-12),8.4 (C-13),17.2 (C-14),107.4 (C-
15) o DL b i 5 5 SCmk [ 16 ] i 18 He A — 2,
R S 9 A AR N o

L&Y 10 [Es e, 5T R OB, k-
P 2 0 0 B %t K %k A B 9 H-NMR I
PC-NMR HH 5 3k [ 17 133 B8 8 2 16454 10 At
/NS

ka1l [aEs &, 5% T A AWk, Fix
644 i H-NMR 1 "C-NMR %4 5 SCilik [ 16 ] %F
BE B A6 B 11 3 20 Dl I S IR T

k& 12 A g, 5E T =& F b, H-
NMR (CDCl,, 500 MHz) §:5.50 (1H, s, H-12),
4.51 (H, dd, J=11.5,5.5 Hz, H3a) ,2.33 (1H,
s, H9),2.04 (3H, s, H-COCH,),1.28 (3H, s),
1.09 (6H, s),0.96 (3H, s),0.91 (3H, s),0.89
(6H, s),0.87 (3H, s),0.85 (3H, s), "“C-NMR
(CDCl,, 125 MHz) §:38.5 (C-1),23.7 (C-=2),
80.9 (C-3),37.8 (C-4),55.3 (C-5),18.2 (C-6),
32.5 (C-7),45.1 (C-8),61.0 (C9),37.7 (C-
10),199.3 (C-11),128.0 (C-12),170.3 (C-13),
43.0 (C-14),26.3 (C-15),26.5 (C-16),32.5 (C-
17),47.8 (C-18),45.2 (C-19),31.0 (C-20),34.7
(C21),37.1 (C22),28.7 (C-23),16.5 (C-24),
16.6 (C-25),18.9 (C-26),23.5 (C-27),28.7 (C-
28),33.3 (€-29),23.2 (C-30),171.0 (CH,CO0) ,
20.2 (CHy) o DA B EE 5 Scmk [ 18 ] 4l A
— B O E LS W 12 O 3B8- & Tk AR 1255 R
11

& 13 WA gk, 5% T OB H-NMR
(CD,0D, 500 MHz) 6:7.82 (1H, d, J=9.5 Hz,
H4),7.52 (1H, d, J=8.5 Hz, H-5),6.85 (1H,
dd, J=8.5,2.0 Hz,),6.80 (1H, d, J=2.0 Hz,
H-8),6.19 (1H, d, J=9.5 Hz, H3), “C-NMR
(CD,0D, 125 MHz) 8:164.1 (C-2),114.8 (C-3),
146.1 (C-4),130.8 (C-5),112.5 (C-6),157.3 (C-
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7),104.0 (C-8),163.7 (C9),113.6 (C-10), Lk
WS A S SCER [ 19 ] iR 18 R A — B, Mo e kS
W13 R T-HEFTE,

& 14 [ @ K, H-NMR (CDCl,, 500
MHz) §: 2.36 (2H, t, J=7.5 Hz, 2-CH,),1.65
(2H, m, 3-CH,),1.27 (48H, br s, H4 ~ H27),
0.90 (3H, t, J =7.0 Hz, 28-CH,), "C-NMR
(CDCl,, 125 MHz) &:14.1 (C-28),22.7 (C-27),
31.9 (C-26),29.7 ~29.0 (C4 ~25),24.6 (C-3),
33.9 (C-2),179.3 (COOH) . LA - i3 %4l 55 SCiik
(20 ] il B — 30, i e b &9 14 25—+ B2 .

& 15 [k K, H-NMR (CDCl,, 500
MHz) §:2.36 (2H, t, J =7.5 Hz, 2-CH,),1.65
(2H, m, 3-CH,),1.27 (26H, brs, H4 ~ H-16) ,
0.90 (3H, t, J =7.0 Hz, 17-CH,), "“C-NMR
(CDCl,, 125 MHz) &:14.1 (C-17),22.7 (C-16),
31.9 (C-15),29.7 ~29.0 (C-4 ~14),24.6 (C-3),
34.0 (C-2),180.2 (COOH) , DL I i 3 ol 5 SCHik
(21 JHRIEBA B e G 15+ b .

Ew16e  LEE &, I T LR, =&
B obe, M )2 0 3% B BR-F 9 B B 40 6. H-NMR
(CDCl,, 500 MHz) §:5.65 (1H, J=3.5 Hz, H6),
3.86 (1H, brs, H-7),3.58 (1H, m, H-3),0.99
(3H, s, 19-CH,),0.93 (3H, d, J=7.0 Hz, 21-
CH,),0.83 (3H, d, J =7.0 Hz, 26-CH,),0. 82
(3H, d, J=7.0 Hz, 27-CH,) ,0.85 (3H, t, J=7.5
Hz, 29-CH,),0.69 (3H, s, 18-CH,), “C-NMR
(CDCl,, 125 MHz) §:37.0 (C-1),31.6 (C-2),
71.4 (C-3),42.0 (C-4),145.0 (C-5),123.9 (C-
6),65.4 (C-7),37.5 (C-8),42.3 (C-9),37.4 (C-
10),20.7 (C-11),39.2 (C-12),42.1 (C-13),49.2
(C-14),25.9 (C-15),28.3 (C-16),55.7 (C-17),
11.6 (C-18),18.2 (C-19),36.1 (C-20),18.8 (C-
21),33.9 (C-22),26.0 (C-23),45.8 (C-24),29.1
(€25),19.8 (€C26),19.0 (C-27),23.0 (C-28),
12.0 (C-29) . LA B3 8ods 5 SCmk [ 22 ] i 8 KA
— L HEE Y 16 O T-a-F 5 -B-47 I BE
4 HRESEMEITE

K MTT 35 R 38k 591 ~10
PEAT T RSN N B S8 Hela 40 M RO TE PER 6, T
96 LA FEAM A B BE O 10° 4~/mL () HeLa 4 ffg
B 100 WL, SR J5 ) AH R AL o ACAS Ta) ¥ BE A A
(1,10,100,500 wmol- L"), 4k&E 4% 35 48 h, M F=24
WG AL A MTT (5 g-L7')10 wL, F 37 C

WEE 3 h, W BIE W, A MTT #4100 wL, T2
RS E 2 h, B 570 nm 5 OB JE A,
BEAUER 3 DNEAL, UEH = F A TR
A AE AN = (1 = Ay pw /Ay ) x 100%
BEPRFWL G Y 6 X1 E HUE Hela 4 i 75 H H 4
G P, 1C, 15,6 pmol - L™, HAbfL & ¥ A 3
I YA A A

5 e

ARWEFEXS AR LR LR Y i A6 27 1 o3 R AT

T RGN B E T 16 Me gy, Hoh %

LG S ARG T A FELREAGY

LA IRITIR 2 4>, ik aw 1 4. ke 1,2,

16 NERMNEAAR T ERE, GW 12 ~15 B E

WA B oy A5 2 . 25 B PRI Y 45

KWHEARNE T (6) X5 HUE Hela 411 52 H A 5L

LA L, R AR R AR B E SUE M B &

BE TRy o AR EE T HARML B, T

O TF R FIR L IX — 245 HIAL ) e 4R AL T S B ik 40
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