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Summary

Studies on Antialergic, Antiinflammatory and Antiproliferation
Constituents of Helminthostachys zeylanica (L) Hook.

by
Y uan-Chia Huang

Graduate I nstitute of Pharmaceutical Chemistry
ChinaMedica College

Four compounds and one mixure — — [3-gitosterol and stigmasterol
(1), hexadecanoic acid (1), tetracosanoic acid (I11), ugonin H (IV) and
ugonin | (V), have been isolated from the n-hexane and chloroform
fractions of the methanolic extract of Helminthostachys zeylanica (L)
Hook. Among the isolated compounds, ugonin H (1V) and ugonin | (V)

are isolated for the first time.

The results of the biologica activities showed ugonin H (1V) and

ugonin | (V) exhibited antiproliferation activities on U937 cells.

However, other compounds are still under test.



(Helminthostachyaceae)
[3-sitosterol
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ugonin H (1V) ugonin | (V)
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Helminthostachys zeylanica (L) Hook.
(Ophioglossacrae) (Helminthostachyaceae)
€)
Chrysopogon

aciculatus (Retz.) Trin. Torenia concolor Lindl. @

©)

D
(Pteridophyta)
(Eusporangiatidae)
(Ophioglossales)
(Helminthostachyaceae)
(Helminthostachys)
(Helminthostachys zeylanica (L) Hook.)
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Helminthostachys zeylanica (L) Hook.

(1.3)

©)

10~15 1.6~4

13~23 1.3

1)



©)

©)

©)

W. H. Brown

1935

85.61
1.51 10.49
P,O 0.34 2.33 22.25
Ca0O 0.03 0.24 2.25
FeoOs 0.015 0.10 0.99
(1.3)
( )
( )




1. R-sitosterol”

2. stigmasterof®

3. hexadecanoic acid“

4. octadecanoic acid®

5. eicosanoic acid®

6. docosanoic acid

7. campesteryl-D-glucoside®

8. 3-O-R-D-glucopyranosyl-R-sitosterol®
9. 3-O-R-D-glucopyranosylstigmasterol®
10. N-benzoyl-L -phenylalanyl-L-phenylalaninol acetate®
11. ugonin A®

12. ugonin B®

13. ugonin C®

14. ugonin D

15. ugonin E®

16. ugonin F©

17. ugonin G©

18. spiraeoside®

19. dulcitol®
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1. Fatty acids

WOH

hexadecanoic acid

@]

octadecanoic acid

/\/\/\/\/\/\/\/\/\/ﬁ\

eicosanoic acid

/\/\/\/\/\/\/\/\/\/\/ﬁ\

eicosanoic acid

2. Steroids

RO

R =H : stigmasterol
R = D-glucosyl : stigmasterol-D-glucopyranoside
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RO

R = H : R-sitosterol
R = D-glucosyl Fsitosterol-D-glucopyranoside

RO

R = D-glucosy! : campesteryl-D-glucoside

3. Flavonoids

R=H ugonin A
R=CH; ugonin B

OH ugonin C




0 0
L
OH ugonin D

OH (0]

OH ugonin E

OCH; O

ugonin F

OH ugonin G
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OH

HO o
O O-RD-Glc  spiracoside

OH

OH O

4. Others

CH,O— C— CHg

aurantiamide acetate

ol 0
/\

H,C—CH—CH—CH—CH—CH, dulcitol

OH OH

14



(mast cdll) (neutrophil)
hisamine  serotonin @ PGs  neutral protease

3-hexosamindase PAF... PGs PAF
leukotrienes lysozyme neutral protease [3-glucuronidase....

( 2

™" 1. Vasoactive mediators

1.Histamine ~—3= Vasodilatation. Vascular permeability
2 Kininogenase — Kinins—#> Vascdilatation-#~ Edema
3.PAF ——3=  Microthrombin

————>I1. Spasinogens

1. Histamine
) 2.PGD2 Bronchial smooth muscle contraction
Activted mast cell 3.LTC4 —3  Mucosal edema
4.LTD4 Mucus secretion

L 5 DLChemo-attractants

lAEvCF—A Activated 2% release» Lysosomal enzymes
2.NCF —  nutrophils R eV Oxygen radicals
TYINL
; . . OH
NCF=neutrophil chemotactic factor G HO

compound 48/80
histamine [3-glucuronidase FMLP lysozyme
[3-glucuronidase



() compound 48/80

compound 48/80  N-methyl-p-methoxyphenethylamine

(formaldehyde)
Compound 48/80
mepacrine
positive control [3-glucuronidase
( )FMLP (neutrophil degranulation)
FMLP chemotatic peptide (N-formyl-Met-L eu-Phe)
N-formyl peptide
FMLP

trifluoperazine (TFP)  positive control

lysozyme  RR-glucuronidase

(cdl cycle)
Go-G;  (GoGiarest)
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3-(4,5-dimethylthiazol-2-diphenyl)-
tetrazolium bromide (MTT) HL-60
cdl line MTT
DMSO
570 nm

(7~10) retinoic acid (RA)  postive control
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(10 Kg)

15 Scheme 1-3

1. B-sitosterol & stigmasterol
2. hexadecanoic acid

3. tetracosanoic acid

4. ugonin H

5. ugonin |

Mixture |

HO

[3-sitosterol stigmasterol
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Compound I1

CH3(CH,)12COOH

hexadecanoic acid

Compound I11
CH3(CH5),,COOH
tetracosanoic acid
Compound IV
Compound V

ugonin |
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| (R-sitosterol & stigmasteraol )

I 154-156 TLC
(choloform) R 0.35 10% H,SO,
Liebermann-Burchard (
) 200~380 nm
( 3 3400~3300 * -OH
1458 1242 ' -CH, -CHs 1659
(C=C) 1049 * -CO-
EIMS m/z (rel. int. %) ( 4 m/z 412 (46) [M"]
414 (15)
414 412 stigmasterol (sitosterol

'HNMR (5 CDCl) & 535(1H,d,J 5.1 Hz H6)
& 514 (1H,dd,J 15.2,81Hz) & 5.10 (1H, dd,

J 152,80Hz) dsigmasterol H-22 H-23 0 352 (1H, m,
H-3)

BC-NMR ( 6 CDCl) DEPT ( 7 >
1405 121.4 1381 129.0 C5 C6 C22
C-23 (11~14)

3-sitosterol  stigmasterol



HO

3-sitosterol

[3-sitosterol

20 23

stigmasterol

stigmasterol I

Carbon [stigmasterol|3-stitosterol| Mixture |
1 37.3 37.2 37.0
2 31.7 31.6 322
3 718 71.8 71.6
4 42.3 42.2 42.2
5 140.8 140.8 140.5
6 121.7 121.7 1214
7 31.9 31.8 314
8 31.9 31.8 31.6
9 50.2 50.1 49.9
10 36.5 36.4 36.4
1 21.1 210 21.0
12 39.7 39.7 39.5
13 42.2 42.3 42.1
14 56.9 56.7 56.1
15 24.3 24.2 24.1
16 28.9 28.2 28.6, 27.9
17 56.0 56.0 55.7
18 12.1 11.8 11.8,11.6
19 19.4 19.3 19.2
20 40.5 36.1 40.3,35.9
21 21.1 18.7 18.7,18.0
22 138.8 339 138.1
23 129.3 26.0 129.1
24 51.2 45.8 51.0,45.5
25 31.9 29.1 31.2,30.0
26 21.2 19.0 20.8, 19.9
27 19.0 19.0 19.4
28 25.4 23.0 25.2,22.8
29 12.3 11.9 12.0
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Il ( hexadecanoic acid )

I 61~62 TLC
(n-hexane chloroform 10 1) Ry 0.4 200~380

nm

( 9 2916 * 2851 *
1701 *  carbonyl group (C=0)

'H-NMR ( 9 CDCl) & 0.88(3H,1)
0 1.26 (24H, s.br) methylene (-CH,-) 0

235(2H, 1) H-2

BC-NMR ( 10 CDCl) & 138

0 22.4~33.7 methylene 0 179.6 carboxyl
carbon (C=0)
(15)
hexadecanoic acid CisH30,
CH3(CH3)14COOH



Il ( tetracosanoic acid )

1 80~82 TLC
(n-hexane chloroform 10 1) R¢ 0.35 200~380
nm
( 1) 3340 * 2016 *
2847 * 1709 *  carbonyl group (C=0)

'H-NMR ( 12 CDCl) & 0.88(3H, 1)
0 1.26 (40H, s.br) methylene (-CH,-) 0
235(2H, 1) H-2

BC-NMR ( 13 CDCl) & 138
0 22.4~335 methylene (-CH,-) 0 178.2
carboxyl carbon (C=0)

(16)

tetracosanoic acid CyHy50,

CH3(CH32)»COOH
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Y] 285~287
TLC (chloroform methanol 10 1) R 0.45
10% FeCl;
( 14 3442 * 1651
1605 1559 1443 1165
-C-O-
( 15 346nm 275nm Band
Band |1 (flavones)
\Y
shift reagent
uv (nm)
shift reagent| MeOH | NaOH | AICl; |AlICls/HCINaOACc|NaOACc/H;BO;
Band | 346 | 401 | 412 362 397 369
Band Il | 275 | 269 | 283 291 272 263
(1) [1% (w/v) NaOH] Band|l 346 nm
55 nm B 4 (4-OH)
(2 [10% (w/v) AICK] Band | 66 nm
Band |1 8nm (IN HCI) Band |
50nm Bandll B
A 5 (5-OH)

(3) [10% (w/v) NaOAc] Band | 51 nm Band
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1 4 7 [10%
(w/v) H3BO4] Band | 28 nm

3,4,5

El ( 16) 436 (7.6)
369 313 283 179 134 123 109 m/z 313

NMR 'H-NMR ( 17 DMSO-dy)
> 3.86(3H, 9 5 13.13(1H,s) 5-OH
BC-NMR ( 18 DMSO-ds) DEPT ( 19
DM SO-dy) 6 (CH) 5 (CH) 3
(CHy) 12 26 o 1821 flavones
carbonyl (C-4)

COSsY ( 20 DMSO-dg) 0 741( & 6.71(9
d 6.68(s) 6 7.42(d) o 6.88(d) COSsY
0 742 o 6.88
H-6 H-5 HMQC ( 21 DMSO-dg) H-5
(3 6.88) & 146.1(C-3) & 1216(C-1) & 150.2(C-4)
H-6 o 1136(C-2) flavone C
5 7.41 5 121.6 (C-I') & 146.1(C-3) & 119.2(C-6)
o 1032 C-3(HMQC
o 6.68 H-3) C-1 C C-2

25



flavone 0 103.2 (C-3) 0 164.2 & 182.1 & 1045

C2 C4 C-10
0 6.71 H-6( HMQC & 90.3 C-6) & 155.6 o 163.6
5 1122 & 1045(C-10) HMBC( 22 DMSO-dy)
C5 C-7 C-8 0 281 & 265 HMQC
C-1"(d 21.0) C-8( 1122
0 158.0 ( C-9)
v 8
7-methoxy-5,3,4'-trinydroxyflavone 0 281 0O 265
H-1" & 210 C-1" HMBC
H-1" COSY
o 2.18 H-2" HMQC 6 524 C-2"
HMBC NMR H-2"
HMBC
GHy 7 CH
SCHT/ (7\8:3
B
[, o
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23

27

ugonin H



OH O m/z 436

alylic
cleavage

.

+ OH CH3
CH»
CHg
CH30 o) +
CH»>

m'z 123
OH o)
m/z 313 (basic peak)
Y ;
—l .
OH
CH,
CH30 O HC=cC OH
T
c= m'z 134
OH
m/z 179
23 UgoninH
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ugoninH NMR (DMSO-d6,200 50 MH2z)

Carbon 8C  DEPT 'H JinHZ) Cosy HMBC
2 164.2 C
3 103.2 CH 6.68 (3) C-2(4), C-4(3),C-10(3), C1 (3
4 182.1
5 155.6
6 90.3 CH 6.71 (d) C-5 (4), C-7 (3J), C-8 (3J), C-10 (3J)
7 163.6 C
8 112.2 C
9 158.0 C
10 104.5 C
1 121.6 C H-2'
2 113.6 CH 7.41 (d) H-1' c-2 (%), C-1' (), C-3 (4), C-4 (3, C-6
@)
3 146.1
4 150.2
5 116.2 CH 6.88 (d, 8.6 Hz) H-6' C-1 (), c3 (3, c4 )
6 1192  CH 7.42 (d) H-5' c-2 )
1 21.0 CH, 281,2.65(d, 86Hz) H-2" C-8(4), C-9¢3), C-2" (), C-3" (3
2" 52.4 CH 2.18(d, 8.6 Hz) H-1" Cc-8 (%), C-3" ()
3" 149.4 C
4" 309 CH, 2.35 (d) H-5" C-10" (%)
1.92 (d, 9 Hz)
5" 23.1 CH, 1.52, 1.42 (m; m) H-6" c-8" (33, C-9' ()
6" 34.6 CH, 157, 1.20 (m; d.br) C-8" (3), C-9" ()
7 34.6 C
8" 28.2 CH,4 0.88(s) c-9" (3
9" 27.7 CH, 0.99 (s) c-8' (3
10" 109.1  CH, 4.40,4.12 (s, 9) C-2" (33), c4" ()
7-OMe 563  OCHj 3.68(s)
5-OH — 13.13(s)
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Vv 254~256
TLC (chloroform methanol 10 1)
10% FeCl;

( 24 318 *
. 1613 1450 *

( 25 346nm 275nm
Band I

ugonin H

R 0.35

1651
1189 1 -coO

Band

(flavones)

shift reagent

U\éhift rgi]ag;t MeOH | NaOH | AlCl; |AICl,/HCINaOAc|NaOACc/H;BO;
Band | 346 | 404 | 412 361 3A4 370
Band |1 25 | 2/8 | 280 290 272 263
1) [1% (w/v) NaOH] Band1 346 nm
58 nm B 4 (4-OH) Band
I
2 [10% (w/v) AICL] Band | 66 nm Band
I 5nm (INHC))  Bandl
51nm Bandll B A
5 (5-OH)



(3) [10% (w/v) NaOAc] Band | 48 nm

Band || 4 [10% (wWiv) H3BO4]
Band | 24 nm
3,4,5 OH
7 OH
El ( 26 422 (1.0)
351 337 299 270 165 134 109 ugonin
H Vv ugonin H
'H-HNR ( 27 DMSO-dy) 5 7.35(1H, s, H-2) & 6.86
(1H,d, =8.6Hz, H-5) & 7.39(1H,d, H-6) 134
0 643(1H,s) & 6.61(1H, 9 )
13.20 (1H, 9 5 V  ugoninH
( ) \
ugonin H

BC-NMR ( 28 DMSOdy) DEPT ( 29 DMSO-dy)

6 (CH) 5 (CHy) 2 (CHy)
12 25 0 1819 flavones carbonyl (C-4)
ugonin H ( )
\ ugonin H
V 0 56.3
DEPT C-7
C-7 V  ugoninH  'H-NMR

H-6

31



C-7 OH
NMR

Vv ugonin |
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UgoninH UgoninG compoundV 'H BC-NMR
13C (50 MHz, DM SO-d) 'H (200 MHz, DMSO-ds)

carbon | Ugonin H [CompoundV | Ugonin G | Ugonin H | Compound V| Ugonin G

2 164.2 163.7 164.0 — — —

3 103.2 102.9 102.7 6.68 6.61 6.65

4 182.1 181.9 181.5 — — —

5 155.6 155.0 154.7 — — —

6 90.3 93.1 94.6 6.71 6.43 6.45

7 163.6 162.5 160.4 — — —

8 112.2 111.3 105.6 — — —

9 158.0 159.1 157.9 — — —

10 104.5 1034 103.7 — — —

1 121.6 121.8 121.6 — — —

2 113.6 1134 1134 741 7.35 7.38

3 146.1 145.9 145.7 — — —

4 150.2 149.8 149.7 — — —

5 116.2 116.2 1159 6.88 6.86 6.88

6' 119.2 1191 119.0 7.42 7.39 7.38

1" 21.0 210 16.9 2.81,2.65| 282, 2.64 2.66

2" 524 51.9 42.0 2.18 2.30 1.55

3" 149.4 149.5 771 — — —

4" 30.9 312 38.3 2.35,192| 236,192 | 1.93, 1.47

5" 23.1 231 17.6 152,142 | 153,143 | 1.63,1.36

6" 34.6 34.6 40.6 157,1.20 | 1.59, 1.20 1.25

7" 34.6 34.9 334 — — —

8" 28.2 28.2 31.8 0.88 0.89 0.9

9" 27.7 275 210 0.99 0.99 0.52

10" 109.1 109.1 26.5 440,412 | 441,421 1.15
7-OMe 56.3 — — 3.86 — —
5-OH — — — 13.13 13.20 13.34

R=H

R=CHs ugoninH
compound V

o Ugonin G




ugoninl  NMR (DMSO-d6, 200 50 MHz)
Carbon B¥c  DEPT H JinHZ) Cosy HMBC
2 163.7 C
3 103.0 CH 6.61 (s) C-2 (4), C-4 (3, C-10 (%)
4 181.9
5 155.0
6 93.1 CH 6.43 (d) C-5(4), C-7(3), C-8 (%), C-10 ()
7 162.5 C
8 1113 C
9 159.1 C
10 103.4 C
1 121.8 C
2 1134 CH 7.35 (d) C-2 (%), C-3 (), C-6 (3
3 145.9
4 149.8
5 116.2 CH 6.86 (d, 8.6 Hz) H-6' C-1'(3),C3 (3, c4 A
6 119.1 CH 7.39 (d) H-5 C-2 (3
1" 21.0 CH, 282,264(d,86Hz) H-2' C-8(4),C-9¢3), Cc2" (V)
2" 51.9 CH 2.30(d, 8.6 Hz) H-1" C-6" ()
3" 149.5 C
4" 312 CH, 2.36 (d)
1.92 (d, 9 Hz)
5" 23.1 CH, 1.53(m) c-8" (33), C-9" ()
143 (m)
6" 346 CH, 1.59(m) C-8" (33), C-9" ()
1.20 ( d.br)
7 349 C
8" 282  CH, 0.89 (s) c-9" )
9" 275 CHs 0.99 (s) c-8" (3
10" 1091  CH, 4.41(s) C-2" (33), C-4" ()
4.21(s)
7-OMe — — — H-6
5-OH — 13.20 (5)




compound 48/80

(Fr. A~C)

3-glucuronidase histamine

FMLP
(neutrophil)

[3-glucuronidase

(inducing agent)

(mast cell)

(Fr.A~C)

[3-glucuronidase lysozyme

(Fr. A~C)
histamine

Drugs (ug/ml) Percent Release
3-glucuronidase (%, inh) histamine (%, inh)
Control 14.2+1.6 83.1+2.2
MeOH ext.(10) 14.8+1.0(3.8+8.9) 85.8+7.9(-3.0+9.4)
(30) 11.6+0.9 (24.5+6.3)* 76.3+3.9(8.3+4.6)
Fr. A (10) 12.5+1.3(15.3+4.4)** 92.3+3.3(-10.8+4.1)
(30) 13.3+0.7(12.9+8.8) 93.2+3.6(-11.9+4.6)
Fr. B (10) 125+0.5(-6.1+9.5) 81.6+5.8(-1.6+6.6)
(30) 7.8+0.3 (33.4+6.4)* 53.4+0.3(33.2+3.0)**
Fr. C (10) 13.0+1.7 (16.7+6.9) 89.1+1.5(-7.0+1.9)
(30) 8.9+1.5(43.5+6.6)** 79.3+2.3(4.8+2.1)
Mepacrine (10u? ) 12.1+0.4(18.1+2.5)* 64.1+2.3(21.3+2.5)*
(30pM) 7.2+0.2 (46.3+3.2)** 34.8+1.1(53.7+1.3)**
(100pM) 3.1+0.2 (81.9+1.4)** 142+1.3(85.2+1.7)**
1Cs0 27+9.2 26.2+1.6

1.N=3,*P 0.05**P 0.01
2.Mepacrine  positive control

3.Fr. A

Fr.B



(Fr. B, 30 pg/ml)  compound 48/80
[-glucuronidase histamine

(Fr. A~C) (3
glucuronidase lysozyme
Drugs (ug/ml) Percent Release
Control [3-glucuronides (%, inh) lysozyme (%, inh)
30.0+0.7 293+1.4
MeOH ext. (0.3) 26.8+6.6(1.5+1.8) -
(1) 14.6+1.3(49.9+3.7) ** 30.6+3.6(-3.9+7.0)
(3) 3.9+1.6 (84.145.7) ** 16.0+4.0(46.1+11.5) *
(10) ? 15.9+1.3(45.8+2.8) *
(30) ? 34.8+3.4(-18.4+6.0)
1Cso 1.1+0.1 -
Fr.A (1) 21.2+5.9(24.9+18.2) 25.2+4.7 (14.6+13.3)
(3) 11.2+2.2 (60.2+6.5) ** 16.7+4.3(43.9+11.9) *
(10) 3.9+0.6 (87.1+1.8) ** 145+5.0(51.4+15.3) *
(30) ? 10.9+4.9(63.6+15.1) **
1Cso 2.0+0.7 9.0+2.9
Fr. B (0.3) 235+4.2(21.6+7.8) ?
(1) 15.7+3.1(42.8+11.9) ** 28.7+0.7(1.2+6.5)
(3) 6.1+0.7 (77.8+2.7) ** 20.7+3.2(29.8+9.1)
(10) ? 27.2+6.1(7.7+18.3)
(30) ? 38.9+6.9(-31.2+17.0)
1Cso 1.3+0.1 ?
Fr. C (10) 18.9+3.8(31.9+13.6) ** 31.9+4.0(-8.3+10.8)
(30) 26.7+0.9(3.3+9.5) 28.2+3.8(4.1+9.7)
TFP (3u? ) 30.0+0.9(-0.5+4.3) 245+3.0(16.5+8.5)
(10u? ) 15.2+2.4(48.0+9.2) ** 15.2+1.7 (48.3+3.7) *
(30u? ) 6.1+0.6 (79.5+2.1) ** 6.1+1.0 (79.0+2.9) **
1Cs0 9.8+0.4 9.6+0.4

1.N=3;*P 0.05**P 0.01; ? , not determined
2.Trifluoperazine (TFP) positive control

3F.A

Fr.C



(3 pg/ml) (10 pg/ml)

(3 pg/ml) FMLP 3-glucuronidase lysozyme
FMLP [3-glucuronidase 1Cx 1.1+0.1
ug/ml Fr. A FMLP [3-glucuronidase
lysozyme  1Cy 2.0+0.7 pg/m 9.0+09 pg/ml Fr. B
FMLP [3-glucuronidase 1Cx 1.3+0.1
pg/ml

Scheme 1~3 4 1
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retinoic acid  postive control

(Fr.A~C) HL-60 U937
(Fr.A~C) HL-60 U937
Compound Conc. MTT assay (%) MTT assay(%)
(pg/ml ) (HL-60) (U937)
Cont. 0.0 100.0+ 1.0 100.0+ 1.0
RA 0.03 pg/ml 342+33"" 31.8+13""
MeOH ext 5 107.3+ 4.0 113.8+ 9.7
10 985+ 4.7 99.1+ 85
25 271+60°" 325+05""
I C50:19.9 I C5o:21.0
H,O layer 5 109.2 + 8.7 120.6 + 2.2
10 1029+ 5.4 119.6 + 4.1
25 102.2+ 9.3 1132+ 7.4
Fr. A 1 97.7+9.7 90.7 + 9.6
5 439+66" " 56.4+ 9.0
10 06+05"" 19+05""
I C5o:5.l I C50:5.3
Fr.B 5 100.8 + 4.2 95.7+ 9.4
10 99.8+ 5.7 69.1+79"
15 93.6+ 2.5 ND
20 256+85""" ND
25 148+57"" 148+57""
I C50:19.3 I C5o:14.6
Fr.C 1 100.6 + 4.4 105.0+ 8.9
5 100.5+ 11.7 642+57""
8 50.8+ 83" ND
10 47+28"" 07+06""
I C5o:7.8 I C50:5.9

1. HL-60 cells and U937 cells ( 2 x 10 )were incubated with different concentration
in 96 hrs. Data was presented as mean + SD from three separate experiments.
2. ND : nore do
3..,. Pp< 0.01compared with control.
p < 0.001 compared with control.

4. 3.Fr. A Fr.B Fr.C



(25 pug/ml) (10 pg/ml)

(25 pg/mi) (10 pg/ml) HL-60 U937
HL-60 ICs0 199 pg/ml 5.1 pg/ml 19.3 pg/ml
7.8 pg/mi
Scheme 1~3 4 1
[sitosterol & stigmasterol Il 1l
AV V HL-60
U937
v V  HL-60 U937
Compound Conc. MTT assay (%) MTT assay (%)
(pM ) (HL60) (U937)
Cont. 0.0 100.0 + 1.0 100.0+ 1.0
RA 0.1uM 31.8 +1.37" 342 +33""
vV 1 126.7 + 6.1 105.4 + 8.8
5 111.4 + 3.2 492 +7.1"7"
8 115 +61""" ND
10 22+10" 25+21""
1C50=7.3 p.M 1C50=5.5 U.M
V 1 116.3 +5.2 108.8 + 9.9
5 1295+ 7.9 488 +69""
8 1023 +9.1 ND
10 759 +28"" 46+57"""
1C50=5.7 U.M

1. U937 cells and HL60 cells ( 2 x 10* ) were incubated with different
concentration in 96 hrs. Data was preserted as mean + SD from three
Separate experiments.

2. ND : none do

* k%

3. p < 0.001 compared with control.



ugoninH (1V, 10 pg/ml)  ugonin| (V, 10 pg/ml)

U937 ICxo 55uM
5.7 UM \Y, v
v (10 pg/ml)  HL-60
V HL-60
U937



4 1 [Fsitosterol &
stigmasterol () hexadecanoic acid (Il) tetracosanoic acid
(1) ugoninH (IV) ugonin | (V)

ugonin H  ugonin |
ugonin A ugonin B ugonin C ugonin D ugonin
E ugonin F ugonin G

ugonin H ugonin |

ugonin H (IV) ugonin| (V)
1Cso 55uM 57

a4



) (melting point apparatus)
Y anaco MP-500D
40-500

) - (UV-visible spectrometer)
- Shimadzu UV-160A UV-visible
recording spectrophotometer

) (infrared spectrometer, IR)
Nicolet Impact 400 FT-IR spectrophoto-
meter (cm™)

) (mass spectrometer, MS)
EIMS:

VG PLATFORM Il 70 ev nmz
) (nuclear magnetic resonance spectrometer)

DPX-200 DPX-400 FT-NMR spectrometer 0
(chemica shift) ppm (J) Hz
S (gnglt) d (doublet) t (triplet) ¢
(quartet) m (multiplet) br

) (UV lamp)
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CAMAG UV-Cabinet1l  wavedength 254 nm 366 nm

)

n-Hexane benzene chloroform ethyl acetate n-butanol acetone
methanol TEDIA (ACS)

)
M ethanol (Merck Tawan, LTD, )

(HPLC Grade)

Chloroform-d; (deuteration degree 99.5%) dimethylsulfoxide-dg
(deuteration degree 99.8%) methanol-d, (deuteration degree 99.5%)
pyridine-dg (deuteration degree 99.5%) (Merck
Tawan, LTD, )

) (column chromatography)

1. Silicagd
Merck Kieselgel 60 (70-230 mesh, Art. 7734)
Merck Kieselgel 60 (230-400 mesh, Art. 9385)

) (thin-layer chromatography)
1. TLC duminium sheets (silicagel 60 Fxs4, 20 x20 , 0.2  layer,
Art. 5554, E. Merck)
2. DC-Alufolien cdllulose F (20 x20 ,0.1 , Art. 5574, Merck)



(

)

(preparative TLC)
PLC plates silicagel 60 Fxs, concentrating zone (20 x20
, E. Merck)

1



(1~3)

(Helminthostachyaceae)

Hook.]

132

30 (Fr. B)

C)

(Fr. D)

A~Fr. D)

Scheme 1

10

[Helminthostachys zeylanica (L)
15

416

(Fr.A)

15 (Fr.

237

(Fr.



( )---10 kg

extracted with MeOH
concentration

MeOH Ext. (416 g)

n -Hexane Ext. H20 layer
(FrA, 1320) ‘ partition with CHCI 5

CHCl3 Ext. H-0 layer
(Fr.B,3009) O
‘ partition with EtOAC
EtOAC Ext. H20 Ext.
(Fr.C,150) (Fr.D, 237 g)
Scheme 1
()
132 ¢ (70-230 mesh)
Fr.
A-1~Fr. A-4
Fr.A-2 (70-230 mesh)

Fr. A-2-1~Fr. A-2-5



Fr. A-2-2 (230-400 mesh)

(20 1 | (600 mg) Fr.A-2-4

(70-230 mesh) (10 1)

11 (20 mg)

Fr. A-4 (70-230 mesh)
5 1) Fr.A-4-1 Fr.A-4-2 Fr. A-4-2
11 (45
mQ) Scheme 2
Fraction A

(n-Hexane extract, 132 Q)

colume chromatography
glicd gd
gradient eluent system (H : EA)

Fr. A-1 Fr. A-2 Fr. A-3 Fr. A-4
(419) (619) B9 (27 9)

slical gel slical ge
H C (gadient) CEAS 1

Fr.A-21  2-2 2-3 2-4 25FrA-41 1l
(45 mg)

silical gel silical gel
C EA 20 1 C EA 10 1

H n-hexane v \
C chloroform I T

EA ethyl acetate (600 mg) (20 mg)

Scheme 2

()

309 (70-230 mesh)
Fr. B-1~Fr.
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B-6

Fr. B-2
(52 mg)

Fr. B-4
1)

25

V (26 mg)

IV
(70-230 mesh) (20
Fr.B4-1 Fr.B4-2 Fr. B4-2
(230-400 mesh) (10 1)
30 5 20
Scheme 3
Fraction B
(Chloroform extract, 30 g)
slicd gd
C M gradient

Fr.B-1

C chloroform
M  methanol

.B-2 Fr.B-3 Fr.B-4

Fr.B-5 Fr.B-6

Slicd gd
C M 20 1

v Fr. B-4-1

(52 mg)

Scheme 3

4-2

slical gel
C M 10 1

(26 mg)



Hypaque
1 x10°

450 nm

(18)

Tyrode's
38%
1~15 x10°
compound 48/80
o-phthaldialaehyde

phenol phthalein-[3-D-glucuronide

[3-glucuronidase

(19)

dextran Ficoll -

FLMP
[¢-glucuronidase 550 nm

Micrococcus lysodeikticus

lysozyme
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1. (7-8)

HL-60 U937
10~20% RPMI 1640
kanamycin (100 ny/ml) penicillin (50 ng/ml) streptomycin (50 ng/ml)

5%
(trypan blue)
HL-60
U937 phosphate buffered saline (PBS) 2~3
2. MTT proliferation assay®™?
HL-60 cdls U937 (2 x10%) 24-wells
1 mi/well wdll 37 95 %
5% CO, : MTT
proliferation assay
well 50 ul 96-well plate
10l MTT solution 37 4
DMSO (150 pl /well ) ELISA Reader
570 nm ODsq
Sample ODs7no

Proliferation (%) =

Cont.ODs7n” 100%



| stigmasterol  [3-sitoterol

(acetone) m.p. 154~156
Molecular weight 414 412
[o [p -144.4°(c0.03, CHCl,)
TLC R; 0.35(chloroform)
EIMS (70 ev) m/z (%)
414 (M ) 159 412 (M) 46.8 300(22.3) 270(30.5) 254(38.6) 212
(25.0) 172(19.2) 162(24.1) 158(51.5) 107 (637) 81(97.7) 68
(89.5) 54(100.0)
IR V max(KBr)cem™
3457 3148 3117 1659 1458 1242 1049 964
'H-NMR (200 MHz, CDCly)
0.68 (3H,s) 0.76~2.28 (m) 352 (1H, m, H-3) 5.10 (1H,dd, J 15.2,8.0
Hz) 514(1H,dd,J 152,82Hz) 533(1H,d,J 5.0, 8.0 Hz, H-6)
BC-NMR (50 MHz, , CDCly)
11.6 11.8(C-18) 12.0(C-29) 18.0 187(C-21) 19.2(C-19) 19.9
20.8(C-26) 22.8(C-28) 24.1(C-15) 252(C-28) 27.9 28.6(C-16)
30.0(C-25) 31.2(C-25) 314(C-7) 31.6(C-8) 322(C-2) 359
(C-20) 36.4(C-10) 37.0(C-1) 39.5(C-12) 40.3(C-20) 42.1(C-13)
422 (C-4) 455(C-24) 499(C-9) 51.0(C-24) 56.1(C-14) 716
(C-3) 121.4(C-6) 129.1(C-23) 138.1(C-22) 1405 (C-5)

(ethanol) m.p. 61~62
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Molecular weight 256

TLC Rf 0.4 (n-hexane chloroform 10 1)

IR V max (KBr)em™

2016 2851 1909 1701 1473 1292 891 721
'H-NMR (200 MHz, CDCly)

0.88(3H,t) 1.26(24H,s.br) 1.62(2H, m) 235 (2H, 1)
BC-NMR (50 MHz, CDCl,

13.8(-CH;) 22.4~33.7(14 % CH,) 179.6 (-COOH)

[l

m.p. 80~82
Molecular weight 368
TLC Rf 0.35(n-hexane chloroform 10 1)
IR V max (KBr)em™
3340 3132 2916 2847 1709 1473 1234 1211
'H-NMR (200 MHz, CDCly)
0.88 (3H,t) 1.26 (40H, sbr) 1.64 (2H,m) 2.35(2H,1)
BC-NMR (50 MHz, CDCl)
13.8(-CH3) 22.4~33.5(20 x CH,) 178.2 (-COOH)

Vv

(chloroform) m.p. 285~287
Molecular weight 436
TLC R; 045 (chloroform methanol 10 1)
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EIMS (70 ev) m/z (%)
436[M"] (7.6) 369(3.8) 313(100) 283(5.2) 179 (11.6) 134(5.6)
109 (3.8)
IR V max(KBr)cem™
3442 3110 2932 1651 1605 1559 1443 1335 1220 1165
1119 960
UV ?max 275 345nmin MeOH

269 401 nmin MeOH NaOH

283 412nminMeOH AICl;

291 362nminMeOH AICl; HCI

272 397 nminMeOH NaOAc

263 369 nminMeOH NaOAc H3BO;
'H-NMR (200 M Hz, DM SO-dg)
0.88 (3H, s H-8") 0.99 (3H,s H-9") 1.20 (1H, d.br, H-6") 1.42 (1H,
m, H-5") 152 (1H, m H-5") 1.57 (1H, m, H-6") 1.92 (1H,d,J 9.0Hz
H-4") 218 (1H,d, J=8.6Hz, H-"2) 2.35(1H,d, H-4") 2.65(1H,d,
J=12.0Hz, H-1") 2.81(1H, dd, J=12.0, 12.0Hz, H-1") 3.86(3H,s,
7-OMe) 4.12 (1H,s H-10") 4.40(1H,s H-10") 6.68 (1H, s, H-3)
6.71 (1H, s, H-6) 6.88 (1H, d, 8.6 Hz, H-5) 7.41(1H,s H-2) 7.42
(1H, d, H-6) 1313 (1H, s, 5-OH)
BC-NMR (50 MHz, DM SO-d¢)
21.0(C-1") 23.1(C-5") 27.7(C-9) 28.2(C-8") 30.9(C-4") 34.6
34.6 (C-6", C-7") 52.4(C-2") 56.3(7-OMe) 90.3(C-6) 103.2(C-3)
104.5(C-10) 109.1(C-10") 1122(C-8) 113.6(C-2") 116.2(C-5')
119.2(C-6) 121.6(C-1) 146.1(C-3) 149.4(C-3) 150.2(C-4)
155.6(C-7) 158.0(C-9) 1636(C-5 164.2(C-2) 182.1(C-4)
HMQC



HMBC
COSY

V
(acetone) m.p. 254~256
Molecular weight 422
TLC R; 0.35(chloroform methanol 10 1)
EIMS (70 ev) m/z (%)
422 [M] (1.03) 351(0.6) 337(0.9) 299 (20.1) 270(2.5) 165 (12.6)
134 (185) 109 (13.2)
IR V max(KBr)cem™
3117 2032 1651 1613 1450 1273 1111 810
UV ?max 275 346 nmin MeOH
278 404 nminMeOH NaOH
283 412nmin MeOH AICl;
280 412nminMeOH AICl; HCI
272 394 nminMeOH NaOAc
263 370nminMeOH NaOAc H3;BO;
'H-NMR (200 M Hz, DM SO-dy)
0.89 (3H, s, H-8") 0.99 (3H, s, H-9") 1.20(1H, d.br, H-6") 1.43 (1H,
m, H-5") 1.53 (1H, m, H-5") 159 (1H, m, H-6") 1.92 (1H,d,J 9.0Hz,
H-4") 2.30 (1H, m, J=8.2Hz, H-2") 2.36 (1H, m, H-4") 2.64 (1H, d,
J12.0Hz, H-1") 2.82(1H, dd, =120, 12.0Hz, H-1") 4.21(1H, s,
H-10") 4.41(1H, s H-10") 6.43(1H,s H-6) 6.61(1H,s H-3) 6.86
(1H, d, =8.8 Hz, H-5') 7.35 (1H, s, H-2") 7.39 (1H, d, H-6") 13.20 (1H,



s, 5-OH)

BC-NMR (50 MHz, DM SO-dg)

21.0(C-1") 23.1(C-5") 27.5(C-9") 282(C-8") 3L2(C-4") 346
(C-6") 34.9(C-7") 51.9(C-2") 93.1(C-6) 102.9(C-3) 103.4(C-10)
109.1 (C-10") 1113(C-8) 1134(C-2) 116.2(C-5) 119.1(C-6
121.8(C-1') 145.9(C-3) 149.5(C-3") 149.8(C-4) 155.0(C-7)
159.1(C-9) 1625(C-5) 163.7(C-2) 1821.9(C-4)

HMQC

HMBC

'H-'H cosy
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Summary

Studies on Differentiation-induced and Antiproliferation
Constituents of Cryptomonadales

by
Y uan-Chia Huang

Graduate I nstitute of Pharmaceutical Chemistry
ChinaMedical College

One compound and one mixture— — bis-(2-ethylhexyl) phthalate
(CPA-1), mixture of hexadecanoic acid and octadecanoic acid (CPA-2)
have been isolated from the n-hexane, chloroform and ethyl aceteate
fractions of the ethyl acetic extract of Cryptomonadales. These

compounds were isolated for the first time from Cryptomonadal es.

The results of the biological activity investigation showed
bis-(2-ethylhexyl) phthalate (CPA-1) exhibited antiproliferation activities
on U937 cdls (ICsy  58.4 pg/ml).



(Cryptomonadal es)
bis-(2-ethylhexyl)
phthalate (CPA-1) hexadecanoic acid  octadecanoic acid
(CPA-2)

bis-(2-ethylhexyl) phthalate
(CPA-1) U937 (ICs 584 pg/ml)
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(Cryptomonadales, 1)

HL-60 U-937
cdls
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(cdl cycle)
Go-G1  (Gp-Giarrest)

3-(4,5-dimethylthiazol-2-diphenyl)
-tetrazolium bromide (MTT)

HL-60 U937 MTT
DMSO
570 nm
(1~4)
(nitroblue
tetrazolium NBT )
( ex: superoxide)
( NBT) formazan

200
©)



30 Scheme 1

1. bis-(2-ethylhexyl) phthalate

2. hexadecanoic acid  octadecanoic acid

Compound |

CH,CHj

©[C O CHoCH(CH2)3CH3

ﬁo CHoCH(CH3)3CH3
o CH,CH3
Mixture Il

CH3(CH,)14COOH

CH3(CH,)16COOH

1000 ml



| ( bis-(2-ethylhexyl) phthalate )

I 222~225 TLC
(chloroform) Rf 0.65
El ( 2 391 [m+1] (6)
279 (31) 167 (87) 149 (100)
|  phthaate 3 I
phthalate
'H-NMR ( 4CDClL) & 0.86~0.89 (m)
0 1.25~1.46 (m, br) methylene (-CH,-)
5 4.14~4.20(m) 5 7.51~7.58 (2H, ddd)
O 7.67~7.74 (2H, ddd)
BC-NMR ( 5CDCl) & 10.7~138
5 22.75~30.12 methylene (-CH,-) 5
38.4 -OCH,- 0 1285~132.2
0 178.2 carboxyl carbon (C=0)
(6~7)
bis-(2-ethylhexyl) phthalate CyyH30,

CH,CH3

@[C O CH>CH(CH2)3CH3

ﬁ O CH>CH(CH2)3CH3
(@)

CH,CHg



O CH 20H3

@ic—o—w ACH(CH )3CH
ﬁ—O—CH L,CH(CH ,)5CH,
5 |

CH,CH
m/z 391 2-7s

s -

[::::I::C__OH

ﬁ—O—CH ZCH(CH 2)3CH 3
© CH,CH3

m/z 279

. T
I

[::::I:: :

T—OH

o]

m/z 167

m/z 149



Il (hexadecanoic acid  octadecanoic acid)

1 80~82 TLC
(n-hexane chloroform 10 1) Rf 035 200 nm
El ( 6 256 (22) 284 (3)
256 284
1
hexadecanoic acid octadecanoic acid
'H-NMR ( 7CDCl) & 088(3H,1)
0 1.26 (40H, s.br) methylene (-CH,-) 0
235(2H,t) H-2
BC-NMR ( 8 CDCl;) & 138
o 22.4~33.7 methylene (-CH,-) o 179.0
carboxy! carbon (C=0)
(6-9) hexadecanoic

acid  octadecanoic acid

CH3(CH,)14COOH

CH3(CH,)16COOH
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HL-60

HL-60
HL-60
HL-60
HL-60
Mog/mi MTT assay
control 0.0 100
50 101.2+8.7
100 103.1+84
500 18.7 £ 4.9***
1000 15.0 £ 3.9%**
50 83.8+11.2*
100 46.8 + 7.4***
50 103.0+11.6
100 98.6+4.6

1. HL-60 cells (4 x 10* /ml) were incubated with different con
centration of sample for 48 hrs.

2. Data were presented as mean = SD (n = 3).

3.* p<0.05; ** p<0.01; *** p<0.001

(Fr. 1) (Fr. 2



(Fr.3) (Fr. 4)
Scheme 1 Scheme 1 uo37
U937
1,2, 31,3233 U937
Conc. NBT-assay
Compound MTT-assay
(ug/ml)
Cont. 0.0 100.0 + 1.0 81+16
25 90.0+ 125 84+17"
50 757 +56 " 298+32""
100 51.5+30°" 529 + 6.4
1Cs0 100 pg/ml EDso =925 ug/ml
EtOAc extracts 25 96.5+ 9.3 155+55"
50 64.2+7.2" 26.8+53"
100 211+85"" 492 + 68"
|C50=77.6 g EDso 101.8 g
1 25 829+39™" 19.2+37""
50 75.7+77"" 324+747"
100 617 +79 " 5.0+ 07"
ICs0 100 pg/ml EDsp=96.3 ug
2 25 766 +81 111 +23""
50 56.2 + 53 16.0 + 1.2
100 96+20 " Death
| Csp = 55.5 pg/ml
31 25 935+ 17" 87+17"
50 86.8+08 " 127+16
100 364+11°" 26+11""
1Cs0=86.2 ug/ml
32 25 105.5 + 9.1 119+17 "™
50 97.2 + 6.7 171 +33 7"
100 643+73"" 347 +26"
ICs0 100 ug’ml
33 25 919+ 65" 238+24""
50 862+51" 287 +39 "
100 62.0 + 13.1 322+737"

ICs0 100 pg/ml
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4 25 94.4 + 5.8 115+17""

50 704 +6.0 " 178 +32 "
70 53.0 £ 11.2 7 23.8+29""
1Cs0 100 ug’ml

1. U937 cells (4 x 10* ) were incubated with different concentration in 72 hrs. Data
was presented as mean + SD from three separate experiments.

2. p < 0.05compared with control.

p < 0.01 compared with control.

p < 0.001 compared with control.

* k%

(Fr.1) EDs 96.3 pug/ml

ICyy 77.6
ug/ml
1Cs
Fr.2 Fr.3-1 ICy 55.5 pg/mi 86.2 pg/mi
Fr.3 Fr. 3-1-1~ Fr.
3-1-3 2 (CPA-1  CPA-2) U937

U937
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3-1-1 3-1-2 31-3 CPA-1 CPA-2 U-937

Conc. NBT-assay
Compound MTT-assay
(Hgml)
Cont. 0.0 100.2 + 0.8 5.0 + 0.9
311 10 99.7+6.9 19.8+ 48"
25 89.2+9.7 324+48"
50 485 +50"" 420+54""
| Cso = 50.5 pg/ml EDso = 62.9 ug/ml
31-2 10 104.8 + 10.5 33+10
25 92.1 + 12.1 6.2 + 2.6
50 927 +55" 10.6 + 0.8
ICso 50 ug/ml
31-3 10 101.1 + 7.6 158 + 32"
25 96.8 + 11.9 234 +32""
50 65.6 +9.2 " 338 +38""
| Cs0 = 69.3 pg/ml EDso = 85.8 ug/ml
CPA-1 10 100.9 + 0.5 ° 65+ 16"
25 808+ 77" 13.0+26
50 50.6 + 83" 143+29 7"
| Cso = 58.4 pg/ml
CPA-2 1 106.0 + 10.5 2.4 + 0.6
1172+ 7.9 29+ 17
10 107.2 + 7.5 47 + 17

1. U937 cells (4 x 10*) were incubated with different concentration in 72 hrs. Data
was presented as mean + SD from three separate experiments.
2... P < 0.05compared with control.
P < 0.01 compared with control.
p < 0.001 compared with control.

Fr.31-1 Fr.31-3

EDs, 629 ug/ml 85.8 pg/ml
Fr.31-1 Fr.31-3 Fr.31-1 Fr.
313 CPA-2 1Cxo 50.5 pg/mi

69.3 ug/ml  58.4 pg/mi
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1 1
bis-(2-ethylhexyl) phthalate (CPA-1) hexadecanoic acid  octade

canoic acid (CPA-2)

2 fraction ICs
77.6 pg/ml 55,5 pg/ml fraction
Fr.31-1 Fr.31-3
ICs, EDg 50.5pug/ml 629 uygm  69.3 pg/ml 85.8 ug/ml
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) (melting point apparatus)
Y anaco MP-500D
40-500

) - (UV-visible spectrometer)
- Shimadzu UV-160A UV-Visible

recording spectrophotometer

) (infrared spectrometer, IR)
Nicolet Impact 400 FT-IR spectro-

photometer (cm?)

) (mass spectrometer, MS)
EIMS
VG PLATFORM I 70 ev
m'z

) (nuclear magnetic resonance spectrometer)
DPX-200 DPX-400 FT-NMR spectrometer o
(chemical shift) ppm J Hz
S (sangle) d (doublet) t (triplet)
q (quartet) m (multiplet) br
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) (UV lamp)
CAMAG UV-Cabinet Il  wavelength254 366 nm

)

n-Hexane benzene chloroform ethyl acetate n-butanol acetone
methanol TEDIA(ACS 20L)

)
Chloroform-d; (deuteration degree 99.5%) dimethylsulfoxide-dg

(deuteration degree 99.8%) methanol-d, (deuteration degree 99.5%)
pyridine-dg (deuteration degree 99.5%) (Merck
Tawan, LTD, )

) (column chromatography)
1. Sllicagel Merck Kieselgel 60 (70-230 mesh, Art. 7734) Merck
Kieselgel 60 (230-400 mesh, Art. 9385)
2. Celulose microcristalline (Merck , Art. 2331)

) (thin-layer chromatography)
1. TLC duminium shests (slicagel 60 Fxs4, 20 x20 , 0.2  layer,
Art. 5554, E. Merck)
2. DC-Alufolien cellulose F (20 x20 ,0.1 , Art. 5574, E.
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(

)

Merck)

(preparative TLC)
PLC plates silica gdl 60 F,s, concentrating zone (20 x20
, E. Merck)
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1000 ml
10mg/ml (30 )

(Fr. 1)
(Fr. 3) (Fr. 4)

Fr.3

218 g (Fr. 3-1)
5.08 g (Fr. 3-2) 1.03 g (Fr. 3-3)

5% (Fr. 3-1-1, 102 mg) 10% (Fr. 3-1-2, 550 mg)
(Fr. 3-1-3, 970 mg)
| (15 mg)
Fr.31-1
56 10% (Fr. 3-1-1-1, 82.3 mg)
P

mg)
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(1000 ml)

(Fr. 2) (Fr.
(Fr. 1,200 mg)
(Fr.3)
(Fr.3-1,218¢) (Fr.3-2,5.089) (Fr.3-3,1.039)
silical gel *
‘CHCI3 ‘S%EtOAc 10%EtOAc| MeOH

I Fr.3-1-1 Fr.3-1-2 Fr.3-1-3
(I5mg) (102mg) (550 mg) (970 mg)

silicaZ gel *
Fr.3-1-1-1 |1
(82.3mg) (18 mg)
*1. ( ) 5% 10%
*2. 5% ( ) 10%
2
Scheme 1

4)



1. )

HL-60 (human promyel ocytic leukemia cells)
U-937 10~20%
RPMI 1640 kanamycin (100 ng/ml) penicillin
B0 nmg/ml)  streptomycin (50 ng/ml) 5%
(trypan blue)
HL-60 U-937
Phosphate buffered saline (PBS) 2~3

2. MTT proliferation assay*™

HL-60 cels(15 x10°/ml) U-937 cdls 24-wells

Imi/ well well 37
B% 5%CO, : MTT-
proliferation assay

well 50 ul 96-well plate

10l MTT solution 37 4
DMSO (150 pl/ well ) ELISA Reader
570 nm ODsyg
Sample ODs7no

Proliferation (%) = .
Cont.ODsn” 100%
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3. NBT Reduction Assay®

HL-60 cells (1.5 x10*/ml) U-937 cdls 24-wels
Iml/mi well 37
%% 5%CO, NBT
reduction assay
well 800 pl ( 1500 r.p.m., 5 min.)
200 yl HBSS ( 1500 r.p.m., 5 min)
70 I NBT solution 37
30 ( 1500 r.p.m., 5min. )
100 ul HBSS 70 % Ethanol
( 200 )
Differentiation (%) =

/ x100 %

I



I
(ethanol) m.p. 222~225
Molecular weight 390
TLC R; 0.65 (chloroform)
EIMS (70 ev) m/z (%)
390[M] (6) 379(31) 197 (87) 149 (100)
'H-NMR (200 MHz, CDCl,)
0.86~0.89 (M) 1.25~1.46(m) 1.58~1.69(m) 4.20~4.24 (4H, m)
7.51~7.58 (2H, ddd)  7.67~7.74 (2H, ddd)
BC-NMR (50 MHz, CDCly)
10.7~13.8(-CHs) 22.7~30.1(-CH,-) 38.4(-OCH,-) 178.2 (-COOH)

I
(ethanol) m.p. 80~82

Molecular weight 284 256
TLC Rf 0.35(n-hexane chloroform 10 1)
EIMS (70 ev) m/z (%)
284[M] (3) 256[M] (22) 213(13) 129(32)
'H-NMR (200 MHz, CDCl,)
0.88(m) 1.26 (40H, s.br) 2.35(2H,1)
BC-NMR (50 MHz, CDCl)
13.8(-CH3) 22.4~33.7(-CH,-) 179.0 (-COOH)
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