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Table 2.1 Ethnomedical information on Hiptage benghalensis

Species Used part | Area Ethnomedical usage Ref
H. benghalensis | Dried leaf |India|Oral used for chronic| (4)
rheumatism
H. benghalensis | Freshleaf |India|External used for chronic| (5)
rheumatism
Table 2.2 Biological activities for extracts of Hiptage benghalensis
Species  |Used part| Area Biological activities Ref
H. Aerial | India |Cytotoxic activity (1), cell culture (6)
benghalensis | parts EDs, > 20.0 meg/mi
Hypotensive activity, iv, dog,| (6)
50.0mg/kg (A)
Hypothermic acvivity, ip, mouse, | (6)
750.0 mg/kg (A)
Toxicity assessment, ip, mouse,| (6)
LDgo 750.0 mg/kg
A: active  |:inactive
Table 2.3 Presence of compounds in Hiptage benghalensis
Species Used part | Area| Presense of compound | Type |Ref
H. madablota | Stembark | India|a-Amyrin triterpene| (9)
H. madablota | Stembark | India|daucosterol steroid | (9)
H. madablota | Stembark | India|friedelin triterpene| (9)
H. madablota | Stembark | India|friedelinol triterpene| (9)
H. madablota | Rootbark | India|mangiferin xanthone | (7)
H. madablota | Stembark | India|octacosan-1-ol akane |(9)
H. madablota | Stembark | India|a-sitosterol steroid | (9)
H. madablota | Partnot | Not [xanthone, xanthone | (8)
specified |stated|1-3-8-trihydroxyl
H.benghalensis L eaf alkloids |(10)
Root absent
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1.

(1) (
Merck)

) 95%

(3) (NMR) CDCl; ( Deuterated

chloroform ) MeOD (Deuterated methanol) DMSO ( Dimethyl-
sulfoxide) Acetone-ds Pyridine-dg ( Merck)

2.

(1) 10 % Sulfuric acid spray reagent

(2) Anisaldehyde sulfuric acid spray reagent

(3) Vanillin sulfuric acid spray reagent

3. (Thin Layer Chromatography)

TLC plate Kieselgel 60 F,s4 silica gel pre-coated aluminium plate

0.2 mm (Merck)
4, (Column Chromatography)
Pyrex Merck

Kieselgel 60 70~230 mesh (Merck) Kieselgel 60
230~400 mesh (Merck)
5.
(1) ( ) vanillin



1. Rotavapor R-114(Buichi)

2. CHANEL Drying Oven OV602
3. TLC NMR
KBr
4, Mettler AJ100 and Metter Toledo PB 602
5. CORONING MODEL PC-320
6.

(1) BANDELIN SONOREX SUPER PK1028BH
(2) AQUUSONIC™ MODEL 150D

7. 120mmx150mm  220mmx70mm
8.

CAMAG Universa UV lamp 254nm  366nm
0.

Electrothermal’ s Series 1A 9100 and |A9200 Digital Melting
point 50.00-500.0

10. (Infared Spectrophotometer)
Nicolet Impact 400 FT-IR Spectrophotometer
KBr
(em™)( )
11. (MS)
(1) VG PLATFORM Il Mass Spectrometer 70eV
( )
(2) JOEL IMS-SX/SX 102A Tandem Mass Spectrometer
( )



12.

(1) Bruker DPX-200 FT-NMR ( )
Internal standard  Tetramethy Silane (TMYS) (Chemicd
shift) & ppm J (coupling
constant) Hz "g’ (snglet) " d”
(doublet) "t” (triplet) "qg” "m’
(multiplet) " br”

SD 250~300




( Hiptage benghalensis (L.) Kurz)

(Malpigliaceae) (Hiptage benghalensis (L.) Kurz)
30
3 600 36
(Hbh-M) 6% 1650
(Hb-M) 15%
(Hb-H) 854 (Hb-C)
52.629 (Hb-E)
36.8 (Hb-B)
207.3 (Hb-W) 1099.4

(Column Chromatography) Silica gel
(70-230 mesh ~ 230-400 mesh)



friedelin  22.26 mg
3-epi-friedelinol  91.27 mg

phytosterol (&-sitosterol, stigmasterol, and campesterol) 60 mg

betulinicacid 70 mg

a-sitosterol-3-O-a-glucoside  stigmasterol-3-O-a-glucoside  13.2 mg



Stembark of Hiptage benghalensis ( L.) Kurz (10.93kg)

Extracted with MeOH and evaporated (1.65kQ)
Dissolved in H,O
Extracted with n-Hexane

n-Hexane layer H,O layer
‘Evaporated ‘Extracted with CHCl;
(Fr.H)
85.49¢
| CHClslayer H.,O layer
H1 Evaporated Extracted with EtOAC
H2 (Fr.C)
H3 52.629
‘ EtOAC layer H,O layer
C1 Evaporated
C2
(Fr.E)
36.88g n-BuOH layer H.O layer
Evaporated Evaporated
(Fr.B) (Fr.W)
207.359 1099.499

Figure 3-1 (Hiptage benghalensis ( L.) Kurz)



MTS (14,15,16)

MTS
MTS 96

50u g/ml MTS
ActinomycinD 10y M 0.1 % DMSO
DMSO

MTS
5-(3-carboxymethoxyphenyl)-2-(4,5-dimethyl-thiazolyl)-3-(4-sulfophenyl)

tetrazolium

NUGC( ) HONE-L( ) Dulbecco s modified
Eagle (5% CO, 37 10 %
)



()
(1) dextran

(17,18)

Ficoll-hypaque
Ix10"  /ml
(2) B-glucuronidase FMLP
550nm

B-glucuronidase 9

(3) lysozyme FMLP
Micrococus lysodeikticus
450nm lysozyme'®”
()
(1) |Oml
Tyrod€ s 1~-2
38 %
1~15x10° |  @* @3
(2) Histamin Compound 48/80
(Condensation product N-methyl-p-methoxy phenethylamine with
formaldehyde)
o-phthaldialdehyde
(24)
(3) 3-glucuronidase Compound 48/80

phosphoglucuronide

R-glucuronidase (19)



H-1 Frieddin
1. (CHCl3-MeOH)
2.mp 247.5-251
3. TLC Rf=0.6 (n-Hexane CHCl5=2:1)
4. 10 %H,S0, spray (110 )
5. 1R Nma(KBr)em® (Chart 1)
2863, 1713(C=0), 1459, 1389, 1266, 1104, 803

6. EI-MS (70eV) m/z (%) (Chart 2)

426(M*, 16)  411(5) 302(11) 273(21)
205(18) 191(13) 123(60) 109(61)
95(87) 81(71) 69(100)

7. 'H-NMR (in CDCl3) ppm  (Chart 3)

0.73 (3H, s, H-24)

0.86 (3H, s, H-25)

0.89 (3H, d, J=6.6Hz H-23)

0.95 (3H, s, H-29)

1.00 (6H, s, H-26, 30)

1.05 (3H, s, H-27)

1.18 (3H, s, H-28)



8. ®C-NMR(in CDCl3) ppm (Chart 4)

6.6 (C-23) 144 (C-24) 177 (C-25 180 (C-7)
184 (C-27) 200 (C-26) 220 (C-1 28.0 (C-20)
298 (C-17) 303 (C-12) 315 (C28) 425 (C-18)
322 (C-21) 325 (C-15 348 (C-30) 351 (C-19)
354 (C-11) 358 (C-16) 37.2 (C-9) 381 (C-14)
300 (C-22) 394 (C-13) 410 (C-6) 413 (C-2)
419 (C-5) 425 (C-18) 529 (C-8) 58.0 (C-4)
59.2 (C-10) 2131 (C-3)

9. DEPT (p/4, 2p, 3p/4) d  (Chart 5)
CHs 6.7, 14.1,17.9, 18.6, 20.2, 31.7, 32.0, 34.9
CH, 18.1,22.2, 30.4,32.3,32.7,35.2, 35.5, 35.9, 39.2, 41.2, 41.4
CH  427,530,58.1,59.4



H-2 Phytosterol
1. (n-Hexane-EA)
2. mp 160-163
3. TLC Rf=0.6 (n-Hexane EA=2:1)
4. 10% H,SO, spray (110 )
5 IR Nmax(KBr)cm® (Chart 6)
2963,1458,1373,1057,964,810

6. EI-MS (70eV) m/z (%) (Chart 7)
414M*,39)  412(M*,5)  400(M*,6)  396(15)

329(16) 303(14) 303(14) 273(10)
255(16) 213(19) 159(25) 145(40)
81(68) 69(72)

7. 'H-NMR (in CDCl3) ppm  (Chart 8)
536  (1H,d, H-6)
4.9~5.3 (2H, m, H-22, 23)
345  (1H, m, H-3)
1.00  (3H, H-19)
093  (3H, H-21)
0.84  (6H, H-26, 27)
0.67  (3H, H-18)



8. ®C-NMR(in CDCl3) ppm (Chart 9)

11.6
19.1
24.0
28.8
35.9
40.2
55.7

(C-18)
(C-19)
(C-15)
(C-25)
(C-20)
(C-13)
(C-17)

129.0 (C-23)

9. DEPT (p/4, 2p, 3p/4)d (Chart 10)
CHs, 118,119, 18.7, 18,9, 19.3,19.7

CH,

CH

11.7
195
25.7
314
36.2
42.0
56.5

(C-29)
(C-26)
(C-22)
(C-2)

(C-10)
(C-4)

(C-14)

138.1 (C-22)

185
20.8
28.0
31.6
37.0
455
71.5

(C-21)
(C-11)
(C-23)
(C-8)
(C-1)
(C-24)
(C-3)

1405 (C-5)

18.7
22.8
28.7
33.6
39.5
49.8

(C-27)
(C-28)
(C-16)
(C-7)
(C-12)
(C-9)

121.4 (C-6)

21.0, 23.0, 24.2, 25.9, 28.2, 29.0, 31.6, 33.8, 37.2, 39.7, 42.2

28.9, 31.8, 36.1, 45.7, 50.6, 55.9, 56.7, 71.7, 121.6, 138.2



H-3 Frieddinol
1. (CHCl3-MeOH)
2.mp 270.5-272.5
3. TLC Rf=0.6 (n-Hexane CHCl3;=2:1)

4. Anisaldehyde spray (110 )

5. EI-MS (70eV) m/z(%) (Chart 11)
428(M™,4) 395(1) 413(9)
275(9) 257(3) 207(4)
125(41) 109(54) 95(82)
69(100)

6. '"H-NMR (in CDCl3) ppm (Chart 12)
0.86 (3H,9)
0.92 (3H,9)
0.96 (3H,9)
0.97 (3H,9
1.00 (6H,s)
1.05 (6H,s)
1.17 (3H,s)
3.73 (3H, mH-3, -OH)

304(0.83)
165(22)
81(70)



7. BC-NMR(in CDCl5) ppm (Chart 13)

11.6
18.2
30.0
32.3
35.3
37.8
41.7
61.3

8. DEPT(p/4,2p,3p/4)d  (Chart 14)

CHs;
CH,
CH

(C-23)
(C-25)
(C-17)
(C-15)
(C-2)
(C-5)
(C-6)
(C-10)

11.6, 16.4, 18.2, 18.6, 20.1, 31.7, 32.0, 35.0

15.7
18.6
30.6
32.7
36.0
38.3
42.7
2.7

(C-1)

(C-26)
(C-12)
(C-21)
(C-16)
(C-14)
(C-18)
(C-3)

16.4
20.1
31.7
35.0
36.0
39.2
49.1

(C-24)
(C-27)
(C-29)
(C-30)
(C-11)
(C-23)
(C-4)

17.5
28.1
32.0
35.3
37.0
39.7
53.1

(C-7)
(C-20)
(C-28)
(C-19)
(C-9)
(C-13)
(C-8)

15.7, 17.6, 30.6, 32.3, 32.7, 35.3, 35.4, 35.5,35.9, 39.2, 41.6

42.7,49.1,53.1, 61.3, 72.7



C-1 Betulinic acid
1. (CHCl3-MeOH)
2.mp 283-285
3. TLC Rf=0.5(CHCI3;:EA=10:1)
4. 10% H,S0, spray (110 )
5 IR Nmx(KBr)em® (Chart 15)
3280,2932,2562,1713,1458,1373,1034

6. EI-MS (706V)m/z(%) (Chart 16)

456 (M+, 30) 438 (M*-H?0,16) 248 (60)
207 (63) 189 (100) 175 (37)
121 (57) 107 (54) 81 (65)
55 (69)

7. '"H-NMR (in d-pyridine)ppm (Chart 17)
491 (1H, br,H-29)
345  (1H, m, H-3)
176 (3H, sH-30)
0.78,0.98, 1.02, 1.03,1.20, .76~ (3H, s, -CH5y)

8. ®*C-NMR(in d-pyridine)ppm (Chart 18)

14.4 (C-27) 159 (C-24-26) 18.2 (C-6)
20.7 (C-11) 25.6 (C-12) 27.7 (C-2)
20.7 (C-21) 30.7 (C-15) 32.3 (C-16)
37.0 (C-10,22) 381 (C-13) 38.8 (C-1)
406 (C-8) 423 (C-14) 472 (C-18)

50.4 (C-9) 55.4 (C-5) 56.1 (C-17)

220 (25)
135 (61)
67 (55)

18.9 (C-6)
28.1 (C-23)
34.3 (C-7)
39.0 (C-4)
49.2 (C-19)
77.6 (C-3)



109.5 (C-29) 150.8 (C-20) 178.4 (C-28)

9. DEPT (p/4,2p,3p/4)d  (Chart 19)
CH; 14.6,16.1,19.1, 28.3
CH, 18.4,20.8,25.8, 27.9, 29.9, 30.8, 32.5, 34.5, 37.2, 38.9
CH 382, 47.4,49.4,50.6, 55.6, 77.8



C-2
1. (CHCl3-MeOH)

2. mp 290-293

3. TLC Rf=0.5(CHCl; MeOH =7:1)
4. 10% H,SO, spray (110 )
5 IR Nmx(KBr)cm™® (Chart 20)

3418,2932,1466,1373,1077,1026
5. FAB-MSm/z (%) (Chart 21)

599(M+Na)* 597 397

6. '"H-NMR (in CDCl3) ppm (Chart 22)

0.63 (3H, 9
0.65 (3H, 9
0.81-1.92 (m)

5.02-5.33 (2H, m, H-22, 23)

7. BC-NMR(in CDCl3) ppm (Chart 23)

115 (C-29) 117 (C-18) 185 (C-26)
190 (C-19) 190 (C-26) 195 (C-27)
230 (C-23) 240 (C-15) 260 (C-23)
290 (C-25) 316 (C2) 316 (C7)
338 (C-22) 359 (C-20) 365 (C-10)
389 (C-4) 395 (C-12) 420 (C-13)
499 (C-9) 558 (C-14) 564 (C-17)
713 (C4) 749 (C2) 777 (C-3)
781 (C5) 1021 (C-1') 1215 (C-6)
131.0 (C-22) 1405 (C-5)

395

18.8
20.8
28.1
31.6
37.0
45.6
62.4
78.1
128.8

(C-21)
(C-11)
(C-16)
(C-8)
(C-1)
(C-24)
(C-6)
(C-3)
(C-23)



MTS

NUGC
( Table 4.1)
Table4.1 MTS
Cdl Line
NUGC HONE-1
50u g/mL 50u g/mL
Hb-methanol 2% 94%
Hb-hexane 103% 100%
Hb-chlorofrom 93% 108%
Hb-ethyl acetate 71% 101%
Hb-butanol 68% 92%
Hb-water 78% 87%
Hb-precipitate 43% 87%

Sample conc.: 50p g/mL

% cdl

MTS



friedelin, frieddinol,

betulinic acid MTS
( Table 4.2)
Table4.2 MTS
Cdl line
HONE-1 NUGC-3

50p g/mi 10p g/mi 50p g/mi 10p g/mi

Friedelin 110% 96% 119% 110%
Friedelinol 113% 100% 111% 107%
Betulinic acid 81% 2% 8% 107%

Negative control: DMSO 0.1 %

Positive control: Actinomycin D



(Hb-H)
(Hb-W)

(Hb-C)

Table 4.3
10-30 my/m

b-glucuronidase

ng/ml

(Hb-B)

(Hb-M)

compound 48/80

b-glucuronidase

Table 4.4
100 ng/ml

b-glucuronidase

30 ng/ml

histamine

(Hb-E) (Hb-B)
(Hb-H)
compound 48/80
(Hb-E) 30
(Hb-wW)  30-100 ng/ml
(Hbh-M) (Hbb-M)
compound 48/80
histamine (Hbh-M)

compound 48/80

b-glucuronidase

Table 4.5
(Hb-E)  10-100 rg/ml

(Hb-H)

(Hb-C)

(Hb-M)
(Hb-B) 30-100 ng/ml
3-30 ng/ml fMLP



b-glucuronidase lysozyme

(p<0.01)
Table 4.6 (Hbh-M) (Hbb-M)
3-30 ng/ml  3-100 ng/ml fMLP

b-glucuronidase  lysozyme

(p<0.01)



Table 4.3 The inhibitory activity of the methanolic extract and fractions
of Hiptage benghalensis (L.) Kurz. against the release of b-glucuronidase
and histamine on mast cell degranulation (in vitro) induiced by compound
48/80.

Drugs (mg/ml) Percent Release
b-Glucuronidase (%inh) Histamine (%inh)

Control 49.4+0.3 -- 67.3t1.8 --

Hb-M (30) 46.8+0.4 5.2+0.8 62.6£2.4 6.9£2.2
(100) 45.2+1.2 8.5+1.9 60.7+2.3 9.6+1.7

Hb-H (10)  46.0+0.6 6.7+1.4 66.9+3.1 0.5+4.1
(30) 35.4+14 28.3£3.3 63.6+£3.2 54+3.1

Hb-C (10) 50.1t1.4 -1.3+2.3 67.1+2.0 0.1+3.5
(30) 49.8+1.8 -0.8+3.4 64.3+3.4 4.3+57

Hb-E (10) 46.0+1.8 6.7£3.6 60.1+5.6 10.9+6.1
(30) 42.1+2.0 14.8+4.2 48.4£8.2 28.6£10.6

Hb-B (10)  47.1+0.2 45+1.1 61.3+3.4 9.0+3.1
(30) 42.6£1.0 13.6+2.5 52.615.8 22.1+6.9
(100) 23.3+2.7 52.8+5.7 24.8+8.5 63.8+11.9

ICso 97.4+£115 82.3£16.3

Hb-W (10)  49.6+0.5 -0.6£0.9 61.1+1.2 9.1+0.6
(30) 39.8£3.3 19.3+6.6 50.1+4.2 25.5+5.3
(100) 7.7+3.0 84.4+6.0 4.6+1.7 93.2+2.5

ICso 63.6t4.7 54.5+2.8

M:Methanol

H:Hexane

C:.Chloroform

E:Ethyl acetate

B:Butanol

W:Water

1.Data are presented as mean £ S.D. (n=3)
2.Inducer: compound 48/80 (10nmg/ml)
3. P<0.05, P<0.01



Table 4.4 The inhibitory activity of the methanolic extract and fractions

of Hiptage benghalensis (L.) Kurz. against the release of b-glucuronidase
and histamine on mast cell degranulation (in vitro) induiced by compound
48/80.

Drugs (mg/ml) Percent Release
b-Glucuronidase (%inh) Histamine (%inh)
Control 49.4+0.3 -- 67.3+1.8 -
Hbb-M (30) 48.9+0.8 0.9£2.3 57.2+4.0 15.1+3.7
(100) 34.7+¢5.0 29.7£10.6 39.6+£10.8 41.9+14.7
Hbh-M (30) 45.9£1.9 6.8+4.6 61.0+1.1 9.1+2.3
(100) 29.6+3.3 39.9+6.9 40.0+4.9 40.8+5.8
Mepacrine (10mM) 33.6%0.7 31.9+2.1 50.7£3.0 24.614.1
(30mM) 20.8+1.3 57.8+2.9 38.1+3.7 43.5+4.2
(100mM) 6.9£1.0 86.0+2.1 14.7£1.3 78.2t1.4
| Cso 32.2+3.6mvi 48.5+3.8nM
M:Methanol

Hbb-M: methanol extract of bark

Hbh-M: methanol extract of heart wood
1.Data are presented as mean £ S.D. (n=3)
2.Inducer: compound 48/80 (10nmg/ml)

3. P<0.05, P<0.01

4.Mepacrine:positive control



Table 4.5 The inhibitory activity of the methanolic extract and fractions
of Hiptage benghalensis (L.) Kurz. against the release of b-glucuronidase
and histamine on mast cell degranulation (in vitro) induiced by fMLP.

Drugs (mg/ml) Percent Release
b-Glucuronidase (%inh) Lysozyme (%inh)
Control 49.9+1.5 - 33.2+0.8 -
Hb-M (10) 36.5£3.6 27.145.7 26.7£2.2 19.6+6.1
(30) 30.2£1.3 39.6:£1.1 21.8+2.3 34.2+7.5
(100) 16.5+1.6 66.9+3.5 10.9+2.5 66.9+7.7
| Cso 58.3£6.6 66.4+14.7
Hb-H (3) 34.4+24 31.1+3.8 24.1+1.4 27.4+4.9
(10) 22.9+0.8 54.1+1.6 20.5+2.1 38.1+7.2
(100) -1.2+14 102.4+2.9 4.9£3.0 84.9+9.4
|Cso 19.5+1.4 39.1+12.6
Hb-C (3) 36.2+2.3 27.443.0 23.1+1.2 30.4+2.1
(10) 29.2+2.3 41.5+3.9 15.9+1.2 52.1+3.7
(30) 5.3%1.7 89.5£3.5 -0.2+4.0 -100.4+12.3
|Cso 13.1+1.4 10.6+1.9
Hb-E (10) 37.1%2.1 25.7+3.8 24.7¢1.5 25.9+2.8
(30) 27.5+2.0 44.9+2.8 20.7£0.9 37.7¥1.1
(100) 16.5+1.8 66.9+3.3 9.4+2.1 71.8+5.8
|Cso 17.1+2.0 17.5£1.9
Hb-B (10) 45.1+25 9.6+2.2 33.3t34 0.08+7.8
(30) 19.8£1.9 60.4£2.5 8.1+0.8 75.5+3.0
(100) 1.6+0.4 96.8+0.9 -5.4+1.1 116.3+3.0
| Cso 41.1+1.4 36.4+2.0

1.Data are presented as mean £ S.D. (n=3)

2.Inducer:1nM fMLP/ 5 ng/ml cytochalasin B

3. P<0.05, P<0.01



Table 4.6 The inhibitory activity of the methanolic extract and fractions
of Hiptage benghalensis (L.) Kurz. against the release of b-glucuronidase
and lysozyme on neutrophil degranulation (in vitro) induiced by fMLP.

Drugs (mg/ml) Percent Release
b-Glucuronidase (%inh) Lysozyme (%inh)
Control 49.9+1.5 - 33.2+0.8 -
Hbb-M (3) 39.2+33 21.61+4.3 26.9+1.1 19.0£1.9
(30) 21.7£16 56.4+2.6 1.2+0.8 96.1+2.5
(100) -0.3+1.1 100.7+2.3 -4.9+1.6 115.2+5.3
ICso 28.4+4.6 14.7+0.7
HbH-M (3) 35.6+33 28.9+4.3 23.6£2.8 28.9£8.3
(10) 28.0+3.8 44.2+5.8 14.8+3.0 55.4£9.5
(30) 4.1£19 91.9+3.6 -2.7+1.9 108.3+6.1
| Cso 12.1+1.9 9.2+2.8
TFP (3mMM) 56.9+4.1 -14.6x12.7 39.1+4.0 -17.6x£11.5
(10mM) 38.9+4.1 21.3+114 27.3x1.9 17.5£3.1
(30mM) 5.9+1.3 87.8£3.4 0.8+1.6 97.3+4.9
| Cso 18.9+2.1nM 18.3+0.9mM
M:Methanol

Hbb-M: methanol extract of bark
HbH-M: methanol extract of heart wood

1.Data are presented as mean £ S.D. (n=3)

2.Inducer:1nM fMLP / 5mivi/ml cytochalasin B
3. P<0.05, P<0.01

4. TFP: Trifluoperazine (positive control)



H-1

frieddin
H-1
247-252 TLC (chloroform:n-hexane=1:2) Rf
0.6 10% H,SO, Liebermann-Bichard
( ) H-1
Chart 1 1713cm®* C=0

(1459, 1389, 1266, 1104, 803 cm™)



C-H

EI-MS Chart 2 m/z 426 [M"]
426 m/z 411, 341, 302, 273, 246, 205, 191
friedelin®®*

CH»

m/z 273

m/z 426

HoC

m/z 302

CH,

m/z 426

m/z 191



'H-NMR Chart 3 0 0.73 (3H, s, H-24) 0.86 (3H, s,
H-25) 0.89 (3H, d, J=6.6Hz H-23) 0.95 (3H, s, H-29) 1.00 (6H, s, H-26,
30) 1.05(3H,s H-27) 1.18 (3H, s, H-28)

C-24 C-25 C23 C29 C-30 C-26 C-27 C-28
EI-MS friedelin

(27-29)

BC-NMR Chart 4
d213.0 C=0 CHs
d34.9 (C-30) 32.0 (C-28) 31.7 (C-29) 20.2 (C-26) 18.6
(C-27) 17.9(C-25) 14.1(C-24) 6.7 (C-23)

CH, d18.1(C-7) 22.2(C-1) 30.4(C-12) 32.3(C-21)
32.7(C-15) 35.2(C-19) 355(C-11) 359(C-16) 39.2(C-22) 41.2
(C-6) 41.4(C-2) CH d d59.4 (C-10)
58.1(C-4) 53.0(C-8) 42.7(C-18)

d 213.2 Cc3 C=0

d28.0 (C-20) 29.8(C-17) 37.2(C-9) 38.1(C-14) 39.4(C-13)

41.9 (C-5)



Table5.1 H-1 (27-29)

No. of C dc of H-1 d. of literature data
C-1 22.0 22.3
C-2 41.3 415
C-3 213.1 213.2
C-4 58.0 58.2
C-5 41.9 42.3
C-6 41.0 41.3
C-7 18.0 18.2
C-8 52.9 53.1
C-9 37.2 37.4

C-10 59.2 59.5
C-11 35.4 35.6
C-12 30.3 30.5
C-13 39.4 39.7
C-14 38.1 38.3
C-15 32.5 32.8
C-16 35.8 36.0
C-17 29.8 29.9
C-18 425 42.8
C-19 35.1 35.3
C-20 28.0 28.2
C-21 32.2 32.4
C-22 39.0 39.2
C-23 6.6 6.8
C-24 14.4 14.7
C-25 17.7 17.9
C-26 20.0 20.3
C-27 18.4 18.7
C-28 31.9 32.1
C-29 315 31.8
C-30 34.8 35.0

(27-29) Frieddlin



H-2

a-sitosterol

stigmasterol

H-2

(n-hexane:ethyl acetate=2:1) Rf

Liebermann-Blrchard

Chart 6
2055cm? CH,

1373cm?  -CH;

EI-MS Chart 7

412 (5) 400 (6)
44 412 400 H-2

campesterol

161-163

TLC

0.5 10% H,SO,

(

3200-3600cm™*(br) -OH group

1466 cm®  -CH2
1057 cm? C-O
m/z 414(39) [M"]

a-sitosterol  stigmasterol



'H-NMR Chart 8 d5.36 ( 1H, d) H-6
d 4.90~5.34 H-22 H-23 d 3.53 ( 1H,
m) C-3 -OH d 0.75~2.30 (m)

BCc-NMR Chart 9 d1405 1215 C-5
C-6 d138.1 129.0 C-22 C-23
d 7156 -OH C-3

DEPT (Chart 10) d19.7,19.3,18.9,18.7, 11.9, 11.8
CHs d42.2, 39.7, 37.2, 33.8, 31.6, 29.0, 28.2, 25.9, 24.2,
23.0,21.0 CH, d 138.2, 121.6, 71.7, 56.7, 55.9, 50.6,
45.7,36.1,31.8,289 CH

(30-36) R-sitosterol

Stigmasterol  campesterol



Frieddinol
H-3 270-273
TLC (Choloroform) Liebermann-Blichard
( )
El-MS(Chart 11) m/z 428(M™)
428 m/z 413(M*) 395(M*-15-18) 304 275

257 207 165 H-3 3-epi-friedelinol®>?



+
CH2

m/z 428

HO

m/z 304

CH»

m/z 428

HO

m/z 193

'H-NMR (Chart 12) 40.86(3H,s) 0.92
(3H,s) 0.96(3H,s) 0.97(3H,s) 1.00(6H,s) 1.05(3H,s) 1.17(3H,s)
43.73(3H, m, H-3) -OH

BC-NMR (Chart 13)
CHs 4 11.6(C-23) 16.4(C-24) 18.2(C-25)
18.6(C-26) 20.1 (C-27) 31.7(C-29) 32.0(C-28) 35.0(C-30)



CH, 415.7(C-1) 17.6(C-7) 30.6(C-12)
323 (C-15) 327(C-21)  353(C-19) 354(C-2) 35.5(C-19)

35.9(C-16) 39.2(C-22) 41.6(C-6) CH
a 72.7 C-3 4 42.7(C-18)
49.1(C-4) 53.1(C-8) 61.3(C-10) 4

39.7(C-13) 38.3(C-14) 37.8(C-5) 37.0(C-9) 30.0(C-17) 28.1(C-20)
(3739 3-epi-friedelinol
Table5.3



(37-39)

Table5.2 H-3
No. of C d. of H-3 d. of literature data
C-1 15.7 15.8
C-2 35.3 35.2
C-3 72.7 72.8
C-4 49.1 49.2
C-5 37.8 37.8
C-6 41.7 41.7
C-7 175 17.6
C-8 53.1 53.2
C-9 37.0 37.1
C-10 61.3 61.4
C-11 36.0 35.6
C-12 30.6 30.6
C-13 39.7 39.7
C-14 38.3 38.3
C-15 32.3 32.3
C-16 36.0 36.1
C-17 30.0 30.0
C-18 42.7 42.8
C-19 35.3 354
C-20 28.1 28.2
C-21 32.7 32.8
C-22 39.2 39.3
C-23 11.6 11.6
C-24 16.4 16.4
C-25 18.2 18.2
C-26 18.6 18.6
C-27 20.1 20.1
C-28 32.0 32.1
C-29 31.7 31.8
C-30 35.0 35.0

(37-39)

friedelinol



C-1

COOH
28

HO
2% B
betulinic acid
C-1 )
283~285°C Pyridine TLC
7 1 R¢ 0.5 vanillin/
IR Chart 15 < em® 3280 br. cm® OH
2932 cm! CH, 1713cm®* C =0
1458 cmt CH, 1373 cm?  CH;
MS Chat16 M*™ m/z 456

C30H 4803



COOH

HO
m/z 456

Betulinic acid

HO
m/z 207

'H-NMR Chart 17 5082 102 1.04 1.09 1.20
1.89 s 5 475 4.91 2Hbr.
s H-29 5349 1H,m C-3 -OH

BC-NMR chart 18 5 150.8 109.5
C-20 C-29 > 77.6 -OH C-3
5 1784 COOH C-28

H,C

COOH

m/z 248

CH»



Table5.3 C-1 (1)

No. of C d. of C-1 d. of literature data
C-1 38.8 39.3
C-2 27.7 28.3
C-3 77.7 78.1
C-4 39.0 39.5
C-5 55.4 55.9
C-6 18.3 18.8
C-7 34.3 34.8
C-8 40.6 41.1
C-9 50.5 50.9

C-10 37.0 37.5
C-11 20.7 21.2
C-12 25.6 26.1
C-13 38.1 38.6
C-14 2.4 42.8
C-15 30.7 31.2
C-16 32.4 32.9
C-17 56.1 56.6
C-18 473 47.8
C-19 49.3 49.8
C-20 150.8 151.3
C-21 29.8 30.2
C-22 37.0 37.6
C-23 28.2 28.6
C-24 15.9 16.3
C-25 15.9 16.4
C-26 15.9 16.4
C-27 14.4 14.9
C-28 178.4 178.9
C-29 109.5 109.9
C-30 19.0 194

(41) betulinic acid



C-2

29

a-sitosterol-3-O-a-glucoside  stigmasterol-3-O-a-glucoside

H-4 -
290-293 TLC (CHCl3:MeOH=7:1) Rf 0.55
10 % H,SO, Libermann-Burchard
( )
(Chart 20) 3418cm™*-OH
1466 1373cm® CH2 CHs 1077 1026cm*

C-0-C

FAB-MS (Chart 21) m/z 599[M+Na]*
576 a-sitosterol-3-O-a-glucoside

stigmasterol-3-O-a-glucoside

(Chart 22) 4 532(1H, br) C-6
H-22 H-23 45.00-5.30(m) 43.95-4.53(m)



(Chart 23) al405 1214 131.0 128.8
C5 Cb6 C22 C-23 al102.1 78.0 77.7 748 71.2
62.4 cC1l C3 C5 CZ2 C4 Co6
(41-43)

a-sitosterol-3-O-a-glucoside

stigmasterol-3-O-a-glucoside



MTS

Table 4.1
NUGC HONE-1 (sample conc. :
50ng/ml) NUGC
Table 4.2 friedelin friedelinol betulinic acid

HONE-1  NUGC-3

MTS
1.
(Hb-M)
(Hb-C)
(Hb-E) 30 ng/ml (Hb-B)
(Hb-W)  30-100 ng/ml (Hbh-M) (Hbb-M)
100 ng/ml compound 48/80

b-glucuronidase  histamine

(Hb-H) (Hb-C) (Hb-E) (Hb-B)



lysozyme

Drugs

assay

(Hbh-M)
fMLP

fMLP b-glucuronidase

(Hbb-M)

b-glucuronidase

100nmg/ml

lysozyme



(Hiptage benghalensis (L.) Kurz.)
2 3

1. Triterpene:

friedelin (H-1)

3-epi-friedelinol (H-3)

betulinic acid (C-1)

2.Steroid:

phytosterol (&-sitosterol  stigmasterol  campesterol) (H-2)

a-sitosterol-3-O-a-glucoside  stigmasterol-3-O-a-glucoside (C-2)

betulinic acid

MTS

(Hiptage benghalensis (L.)

KuRrz.)
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