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3.1.1 msugnana andrographolide (1), 14-deoxy-11,12-didehydroandrographolide (2) and
14-deoxyandrographolide (3)

wenasafawsueadlenduilasinlans il 18as andrographolide, 14-deoxy-11,12-
didehydroandrographolide and 14-deoxyandrographolide.

Andrographolide: Yield, 0.25% (25 g); colorless amorphous powder; melting point (m.p.),
230-231 °C in DCM:MeOH, 1:1 (ref. 229-230 °C in methanol, Jain et al., 2000). IR (KBr):
3398, 2928, 1728, 1675, 1459, 1221, 1033 cm™. '"H NMR (400 MHz, CD3;0D): &y 6.84 (1H,
brt, J=1.0 and 6.6 Hz, H-12), 5.00 (1H, d, J=5.9 Hz, H-14), 4.88 (1H, s, H-17a), 4.66 (1H, s,
H-17b), 4.46 (1H, dd, J=10.1 and 6.2 Hz, H-15a), 4.15 (1H, dd, J=10.1 and 2.0 Hz, H-15b),
4.11 (1H, d, J=10.9 Hz, H-19a), 3.36 (1H, d, J=11.3 Hz, H-19b), 3.41 (1H, m, H-3), 2.59 (2H,
- m, H-11), 2.42 (1H, m, H-7a), 2.02 (1H, m, H-7b), 1.92 (1H, dd, J=3.9 Hz, H-9), 1.21 (3H, s,
H-18); 0.75 (3H, s, H-20). >C NMR (400 MHz, CD;0D): & 171.2 (C=0, C-16), 148.0 (CH,
C-12), 1473 (C, C-8), 128.3 (C, C-13), 107.8 (CHa, C-17), 79.5 (CH, C-3), 74.7 (CH,, C-15),
05.2 (CH, C-14), 63.5 (CHa, C-19), 55.9 (CH, C-9), 54.9 (CH, C-5), 42.3 (C, C-4), 38.5 (C,
C-10), 37.5 (CHy, C-7), 36.7 (CHy, C-1), 27.6 (CH,, C-2), 24.3 (CHa, C-11), 23.8 (CH,, C-6),
21.9 (CH;, C-18), 14.1 (CH3, C-20).

14-Deoxy-11,12-didehydroandrographolide: Yield 0.013% (1.3 g); colorless amorphous
powder; m.p. 203-204 °C in DCM:MeOH, 1:1 (ref. 203-204 °C in methanol, Matsuda et al.,
1994). IR (KBr): 3304, 2927, 1736, 1635, 1447, 1346, 1100, 1038 cm™". '"H NMR (400 MHz, -
CDCly): &y 7.16 (1H, br s, H-12), 6.86 (1H, dd, J= 10.1 and 9.8 Hz, H-11), 6.11 (1H, 4,
J=15.6 Hz, H-14), 4.80 2H, br s, H-15), 4.77 (1H, d, J=1.2 Hz, H-17a), 4.52 (1H, d, J=1.5
Hz, H-17b), 421 (1H, d, J=10.9 Hz, H-19a), 3.47 (1H, dd, J=4.7 Hz, H-3), 3.34 (1H, d,
J=10.9 Hz, H-19b),-2.43 (1H, dr, J=1.6 and 2.3 Hz, H-7a), 2.31 (1H, d, J~=10.1 Hz, H-7b),
2.07 (1H, dt, J=4.7 Hz, H-1), 1.02 (3H, s, H-18), 0.89 (3H, s, H-20). *C NMR (400 MHz,
CDChL): & 1723 (C=0, C-16), 148.1 (C,C-8), 142.9 (CH, C-14), 136.0 (CH, C-12), 1293 (C,
C-13), 121.1 (CH, C-11), 109.2 (CH,, C-17), 80.8 (CH, C-3), 69.6 (CH,, C-15), 64.2 (CH,, C-
19), 61.7 (CH, C-9), 54.7 (CH, C-5), 43.0 (C, C-4), 38.6 (C, C-10), 38.2 (CH,, C-7), 36.6
(CHy, C-1), 28.1 (CHa, C-2), 23.0 (CH,, C-6), 22.6 (CHj, C-18), 15.9 (CH3, C-20).

14-Deoxyandrographolide: Yield, 0.018% (1.8 g); colorless amorphous powder; m.p. 167-
169 °C in DCM:MeOH, 1:1 (ref. 172-173 °C in methanol, Fujita‘et al., 1984). IR (KBr): 3283,
2930, 1754, 1637, 1439, 1350, 1207, 1091, 1039 ecm™. "H NMR (400 MHz, CDCL): &4 7.08
(1H, br 1, H-14), 4.87 (1H, br t, H-17a), 4.76 (2H, br ¢, H-15), 4.58 (1H, br ¢, H-17b), 4.16
(1H, d, J=11.0 Hz, H-19a), 3.46 (1H, m, H-3), 3.30 (1H, d, J=11.0 Hz, H-19b), 2.42 (2H, m,
H-7), 2.10 (1H, m, H-11a), 1.65 (1H, m, H-11b), 1.02 (3H, s, H-18), 0.89 (3H, s, H-20). *C
NMR (400 MHz, CDCh): & 174.3 (C=0, C-16), 146.8 (C, C-8), 144.0 (CH, C-14), 134.7 (C,
C-13), 107.3 (CH,, C-17), 80.5 (CH, C-3), 70.1 (CH,, C-15), 64.2 (CH;, C-19), 56.0 (CH, C-
9), 55.3 (CH, C-5), 42.9 (C, C-4), 39.0 (C, C-10), 38.2 (CH,, C-7), 36.9 (CH,, C-1), 28.2
(CHy, C-2), 24.5 (CH, C-6), 24.0 (CH,, C-12), 22.7 (CH;, C-18), 21.9 (CH,, C-11), 15.2
(CH;, C-20). _

3.1.2 TSN unsIzH
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3,19-Dipalmitoylandrographolide: Yield: 45%; crystalline powder (CH,Cl), mp 182-
185°C: Ry 0.52, silica gel 60 Fysq, CHCL/MeOH (95:5); IR: 3400, 2936, 1726, 1674, 1221,
1022, 980 cm™; '"H NMR (CDCls, 400 MHz) & 6.89 (1H, ¢, J=5.3 and 7.0 Hz H-12), 5.0
(1H, d, J=5.3 Hz, H-14), 4.84 (1H, s, H-17a), 4.54 (1H, s, H-17b), 4.43 (1H, d, J=7.9 Hz, H-
15a), 4.39 (1H, dd, J=6.2 Hz, H-15b), 4.23 (1H, d, J=11.4 Hz, H-19a), 4.11 (1H, d, J=11.9
Hz, H-19b), 4.18 (1H, dd, J=1.8 and 10.6 Hz, H-3), 2.48 (1H, d,J=11.0 Hz, H-7),2.36 (1H, 4,
J=11.4 Hz, H-11a), 2.27 (1H, d, J=9.2 Hz, H-11b), 2.21 (2H, m, H-2', H-2""), 2.14 (1H, m, H-
9), 1.91 (1H, dd, J=4.4 and 13.2 Hz, H-6a), 1.54 (1H, m, H-6b), 0.94 (3H, s, H-18), 0.81 (3H,
s, H-16", 0.79 GH, s, H-16"), 0.71 (3H, s, H-20); °C NMR (CDCls, 400 MHz) &: 173.7
(C=0, C-1"), 1734 (C=0, C-1"), 169.8 (C=0, C-16), 148.6 (CH, C-12), 146.4 (C, C-8), 128.1
(C, C-13), 108.9 (CH,, C-17), 79.5 (CH, C-3), 74.2 (CH, C-15), 66.2 (C-14, CH), 64.6 (C-19,
CH,), 56.0 (C-9, CH), 55.3 (C-5, CH), 41.3 (C, C-4), 39.0 (C, C-10), 37.9 (CH,, C-7), 37.0
(CH,, C-1), 24.2 (CHy, C-11), 24.7 (CH,, C-2), 24.6 (CHa, C-6), 34.7 (CH,, C-2'), 34.5 (CIL,
C-27), 22.6 (CHs, C-18), 14.5 (CH;, C-20), 14.1 (CH;, C-16', C-16"); EIMS m/z:
[M+Na+H]", 850.2999, (calcd 850.6663).

14-deoxy-11,12-didehydro-3,19-dipalmitoyl andrographolide:  Yield 50%; amorphous
white powder (ethyl acetate); mp 57-61 °C. Rf 0.85, silica gel 60F;s4, 1% methanol in
CH,Cl,. IR (KBr): 3080(very weak, C=C), 2956(C-H),, 2916 (very str, (C-H), 2851 (C-H),
1748 (st, C=0), 1727 (very st, C=0), 1472 (m, CH2), 804 (wk, broad, CH bending of long
chain hydrocarbon) cem’. 'TH NMR (CDCly) 8: 7.09 (1H, s, H-14), 6.85 (1H, ¢, /9.8 and 15.8
Hz, H-12), 6.05 (1H, d, J=15.6 Hz, H-11), 4.74 (2H, s, H-15), 4.73 (1H, s, 17a), 4.53 (11, ¢,
J=8.6 and 7.8 Hz, H-3), 4.49 (1H, s, H-17b), 4.23 (1H, d, J=11.7 Hz, H-1%a), 4.14 (1H, 4,
J=11.7 Hz, H-19b), 0.94 (3H, s, H-20), 0.82 (3H, s, H-31"), 0.81 (3H, s, H-18), 0.79 (3H, s,
H-317) . 3C NMR (CDCly) 8: 172.1 (C16,C=0), 173.7 (C1', C=0), 173.4 (C1", C=0), 147.9
(C8,C), 143.1 (C14,CH), 135.7 (CI12,CH), 129.2 (C13,C), 121.3 (C11,CH), 109.2 (C17,
CHa), 79.7 (C3,CH), 69.5 (C15, CH,), 64.7 (C19, CHa), 61.7 (C9, CH), 54.8 (C5, CH), 41.4
(C4,C), 38.7 (C10, C), 38.3 (C7, CHy), 36.7 (C1, CHy), 24.2 (C6, CHy), 24.0 (C2, CHy), 22.7
(C20, CH3), 15.2 (C18, CH3), 14.1 (C16,16", CH3), EST m/z: 882.75.

3,19-isopropylidene andrographoelide: Yield 98%; m.p. 194-196 °C; IR (KBr) 3409, 2939,
1785, 1683, 1222 em™; '"H NMR (400 MHz, CDClL3): & 6.97 (1H, dr, J=1.5 and 7.0 Hz, H-
12), 5.05 (1H, £, J=5.9 and 6.2 Hz, H-14), 491 (1H, s, H-17a), 4.62 (1H, s, H-17b), 4.45 (1H,
g, J=6.2 and 10.5 Hz, H-15a), 4.26 (1H, dd, J=2.0 and 10.5 Hz, H-15b), 3.96 (1H, d, J~11.3
Hz, H-19a), 3.50 (11, dd, J=3.1, 3.9 and 8.6 Hz, H-3), 3.18 (11, d, J=11.7 Hz, H-19b), 2.57
QH, m, H-11), 2.42 (14, m, H-Ta), 2.03 (1H, m, H-7b), 1.97 (1H, m, H-9), 1.85 (1H, m, H-
6a), 1.80 (2H, m, H-2), 1.74 (1H, m, H-1a), 1.41 (3H, s, H-22), 1.37 (3H, s, H-23), 1.33 (1H,
d. J=4.3 Hz, H-6b), 1.25 (1H, d, J=4.7 Hz, H-1b), 1.20 3H, s, H-18), 0.97 (3H, 5, H-20); °C
NMR (400 MHz, CDCh): & 169.7 (C, C-16), 149.0 (C, C-12), 147.0 (CH, C-8), 127.9 (C, C-
13), 108.9 (CHa, C-17), 99.2 (C, C-21, spiro), 76.1 (CH, C-3), 74.2 (CHa, C-15), 66.2 (CH, C-
14), 63.9 (CH,, C-19), 56.1 (CH, C-9), 52.2 (CH, C-5), 38.4 (C, C-4), 37.9 (C, C-10), 37.6
(CH,, C-7), 34.5 (CHy, C-1), 27.0 (CHs, C-22), 26.1 (CHs, C-23), 25.3 (CH,, C-11), 25.0
(CHs, C-18), 24.9 (CH,, C-2), 23.2 (CHy, C-6), 16.2 (CH, C-20); EIMS m/z: 412.8{M+Na]"

3,14,19-triacetyl andrographolide: The yield was 95%; crystaline powder (CH,Cly), mp
110-111°C, 1it 110-111 °C 8, Ry 0.70, silica gel 60F3s4, 5% methano!l in CH,Ch. IR (KBr):
2954 (m), 1754(s), 1736 (very s), 1250, 1237(5).11{ NMR (CDCly): 7.25 (1H, s, H-14), 6.99
(1H, ¢, /~1.3 and 6.7 Hz, H-12), 5.91 (1H, 4, J=5.7 Hz, H-11), 4.89 (1H, s, H-17a), 4.51 (1H,
s, H-17b), 4.59 (1H, dd, J=4.0 and 11.7 Hz, H-15a), 4.54 (1H, dd, J=6.1 and 11.2 Hz, H-15b),
4.23 (1H, dd, J~1.7 and 11.4 Hz, H-3), 434 (1H, d, J~11.9 Hz, H-19a), 4.11 (1H, 4, /=1 1.9
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Hz, H-19b), 2.11 (3H,Ac), 2.03 (6H, 2Ac), 1.02 (3H, 5, H-20), 0.74 (3H, s, H-18). '>C NMR
(CDCLy): 170.9 (C, C=0 (Ac)), 170.5 (C, C=0O(Ac)), 170.4 (C, C=O(Ac)), 169.0 (C, C-16),
150.1 (CH, C12), 146.5 (C, C8), 124.0 (C, C13), 108.9 (CH,, C-17), 79.6 (CH, C-3), 71.6
(CH, C-15), 67.8 (CH, C-14), 64.7 (CH,, C-19), 55.8 (CH, C-9), 55.2 (CH, C-5), 41.2 (C, C-
4),38.9 (C, C-10), 37.8 (CH,, C-7), 37.0 (CH, C-1), 25.1 (CH,, C-11), 24.6 (CI1,, C-2), 24.2
(CH,, C-6),22.7 (CH;, C-18), 21.1 (CHs, Ac), 21.0(CHs, Ac), 20.7(CHj, Ac), 14.5(CH, C-20
). ESI m/z: 499.24 (M+Na)*

3,14,19-tripalmitoylandrographolide: Yield: 35%; white powder (CH,Cl,), mp 61-63°C; Rr
0.86, silica gel 60 Fs4, CH;CL/MeOH (95:5);IR: 2918, 1735, 1471, 1188, 720 cm™; "H NMR
(CDCls, 400 MHz) &4: 6.99 (1H, £, J=6.2 Hz, H-12), 5.91 (1H, d, J=5.7 Hz, H-14), 4.89 (1H,
s, H-17a), 4.60 (1H, dd, J=4.0 and 11.4 Hz, H-15a), 4.54 (1H, d, J=6.2 and 11.0 Hz, H-15b),
4.51 (1H, 5, H-17b), 4.28 (1H, d, J=11.9 Hz, H-19a), 4.21 (1H, m, H-3),4.12 (1H, d, J=11.9
Hz, H-19b), 2.44 (1H, d, J=13.2 Hz, H-7), 2.39 (2H, ¢, J=7.5 Hz, H-11), 2.27 (1H, d, J=10.1
Hz, H-9), 2.11 (2H, d, J=2.2 Hz, H-2"), 2.03 (2H, d, J=2.2 Hz, H-2"), 1.95 2H, d, J=2.6 Hz,
H-2'), 1.76 (1H, d, J=10.1 Hz, H-6), 1.00 (3H, s, H-18), 0.89 (3H, 5, H-16"), 0.87 (3H, s, H-
16"), 0.85 (3H, s, H-16"), 0.73 (3H, s, H-20); C NMR (CDCls, 400 MHz) &: 173.7 (C=0,
C-1'), 173.3 (C=0, C-1", C-1""), 169.0 (C=0, C-6), 150.1 (CH, C-12), 146.5 (C, C-8), 124.1

- (G, C-13),108.9 (CHy, C-17), 79.3 (CH, C-3), 71.7 (CH, C-15), 67.6 (CH, C-14), 64.5 (CH,,
- C-19),55.8 (CH, C-9), 55.3 (CH, C-5), 41.3 (C, C-4), 38.9 (C, C-10), 37.8 (CH,, C-7), 37.0
(CHy, C-1), 25.1 (CHy, C-11), 24.6 (CHy, C-2), 24.2 (CHy, C-6), 34.7 (CHa, C-2'), 34.5 (CH,,
C-2"), 34.1 (CH,, C-2"), 22.6 (CH3, C-18), 14.5 (CHs, C-20), 14.1 (CH;, C-16', C-16", C-
16""); EIMS m/z: [M]",1064.8988, (caled 1064.8983).

14-acetyl andrographolide: Yield 40%; white powder (CH)Cly); mp 168.29°C (onset
163.65, endset 170.41°C, lit 168-170°C 6); R¢ 0.35, silica gel 60F;s4, 5% methanol in
CH,Cl,. IR (KBr); 3363, 1772, 1751, 1209, 102icm™.'"H NMR(CDCl): 7.00 (1H, 41, J=
0.63, 0.39 Hz, H-12), 5.91(1H, d, J=5.5 Hz, H-14), 4.87(1H, s, H-17a), 4.49(1H, s, H-17b),
4.23(1H, d, J=10.9 Hz, H-15a), 4.16(1H, 4, J=10.9 Hz, H-15b), 3.47(1H, ¢, J=7.03, H-3),
3.3(1H, 4, J=8.2, H-19), 2.83 (2H, 2s), 2.11(3H, 5, Ac), 1.25(3H, s, H-18), 0.66 (3H, s, H-
- 20).BC NMR(CDCls): 170.5 (C, C=0(Ac)), 169.1(C, C-16), 150.5 (CH, C-12), 146.7 (C, C-
8), 123.8 (C, C-13), 108.7 (CH,, C-17), 80.4 (CH, C-3), 71.6 (CH,, C-15), 67.7 (CH, C-14),
64.1 (CH,, C-19), 55.8 (CH, C-9), 55.2 (CH, C-5), 42.8 (C, C-4), 38.8 (C, C-10), 37.7 (CH,,
C-1), 37.0 (CHy, C-7), 28.1 (CHy, C-2), 25.3 (CHy, C-11), 23.7 (CH3, C-18), 22.7 (CH,, C-6),
20.7 (CHs, Ac), 15.1 (CH3, C-20). ESI MS m/z: 415.2106 [M+ Na]"

14-monoacetyl-3,19-isopropylideneandrographolide: Yield 50%; amorphous powder
(CH,Cl), hygroscopic, mp 58-59 °C; Ry 0.8, silica gel 60F,s4, 5% methanol in CH,CL. IR
(KBr); 2937 (s), 1765, 1740(s), 1225(s), 1023ecm™. 'H NMR (CDClL): 7.02 (14, dt, /~1.75
and 6.82 Hz, H-12), 5.92 (1H, d, J=6.16 Hz, H-14), 4.88 (1H, s, H-17a), 4.53 (1H, s, H-17b),
4.54 (1H, dd, J=6.16 and 11.43 Hz, H-15a), 4.23 (1H, dd, J=1.76 and 11.0 Hz, H-15b), 3.95
(1H, d, J/~11.88 Hz, H-19a), 3.49 (1H, dd, J=3.96 Hz, H-3), 3.18 (1H, 4, /=11.88 Hz, H-19b),
2.11(3H, s, Ac)1.86 (1H, dd, H-9),1.40 (3H, gem-Mt), 1.36 (3H, s, gem-Mt), 1.19 (3H, s, H-
18), 0.93 3H, s, H-20). C NMR (CDCl): 170.5 (C, C=0 (Ac)), 169.0 (C, C-16), 150.6
(CH, C-12), 147.1 (C, C-8), 123.8 (C, C-13), 108.9 (CH,, C-17), 99.2 (C, spiro i-Pr), 76.1
(CH, C-3), 71.6 (CH, C-15), 67.8 (CH, C-14), 63.9 (CH,, C-19), 55.8 (CH, C-9), 52.2 (CH,
C-5),38.3 (C, C4), 37.9 (C, C-10), 37.6 (CH, C-7), 34.5 (CH,, C-1), 27.0 (CH; gem-Mt), 26.1
(CHs, gem-M), 25.4 (CH,, C-11), 25.27 (CHj, C-18), 24.9 (CH,, C-2), 23.1 (CH,, C-6), 20.7
(CHjs, Ac), 16.1 (CH;3, C-20).
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14-deoxy-11,12-didehydro-3,19-isopropyrideneandrographolide:  Yield: 83%; white
powder (C.H, :EtOAc,1:1), mp 61-63°C; Rr 0.59, silica gel 60 Fos4, CH,CL/MeOH (95:5); IR:
2942, 1757, 1736, 1454, 1349, 1100, 1038, 981 cm™; 'H NMR (CDCl3, 400 MHz) &y: 7.16
(1H, s, H-12), 6.90 (1H, dd, J=10.1 Hz, H-11), 6.11 (1H, d, J=16.0 Hz, H-14), 4.81 (1H, d,
J=1.6 Hz, H-15), 4.79 (1H, d, J=1.6 Hz, 17a), 4.55 (1H, d, J=1.6 Hz, 17b), 4.09 (1H, 4,
J=11.7 Hz, H-19a), 3.46 (1H, dd, J=4.7 Hz, H-3), 3.24 (1H, d, J/=11.7 Hz, H-19b), 2.46 (1H,
m, H-7a), 2.35 (1H, d, J=9.8 Hz, H-9), 2.06 (1H, m, H-7b), 2.06 (1H, m, H-6a), 1.73 2H, m,
H-2), 1.52 (1H, m, H-1a), 1.43 (3H, s, H-22), 1.37 (3H, s, H-23), 1.28 (3H, s, H-18), 1.25
(1H, m, H-6b), 1.21 (1H, m, H-1b), 1.12 (1H, m, H-5), 1.01 (3H, s, H-20); *C NMR (CDCl,,
400 MHz) &: 172.2 (C, C-16), 148.3 (CH, C-8), 142.8 (C, C-12), 136.1 (CH,, C-11), 1293
(C, C-13), 121.2 (CH, C-14), 109.4 (CH,, C-17), 98.4 (C, C-21), 78.4 (CH, C-3), 69.6 (CH,,
C-15), 63.4 (CH3, C-19), 61.5 (CH, C-9), 53.1 (CH, C-5), 38.3 (C, C-4), 374 (C, C-10), 36.5
(CH,, C-7), 36.5 (CH,, C-1), 26.4 (CH3, C-22), 25.7 (CH3, C-23), 28.7 (CHs,-C-18), 26.0
(CH,, C-2), 22.3 (CH,, C-6), 16.3 (CH;, C-20); EIMS m/z:{M+Na]*, 396.22, (caled
396.2276).

3.1.3 Developing of HPLC method
 wsiidnaerdade Hsv-1 188 18gatiunTinne A partition coefficient F19z @04
Fnseddiinaemnslu phase‘fri wag oil : ; |
TasinTaunsuvesash (1)-(4) uﬁm‘iugﬂﬁ 1 uaz 2

=Y o sy = o A J H
9 1TR05 T venua N UM insz lasds ICH uraslumisied 1 uaz 2

3.1.4 Partition coefficient

#1 partition coefficient ¥oae13 (1) - (4) 53199 n-octanol ung phosphate buffer pH 7.4
waaalumisian 3. a1 partition coefficient ¥o3es (1) dmdiga Ao 43.0+3.96 uazuese1i(4)

e 1017.347.51.

minﬁ 1 Linearity and LOQ values of andrographolide (1), 14-deoxy-11,12-

didehydroandrographolide (2), 14-deoxyandrographolide (3) and 3,19-
isopropylideneandrographolide (4)

Comp. | Linearity ranges | Linearity Equations R R, LOQ+S.D.
(pg-mL™) (min) | (ug.mL")
1 18.6-223.5 y=25189x-38.763 1.0000 | 2.81 4.72+0.73
2) 13.0-157.5 y=33521x-44.753 09995 1336 4.24+0.48
3) 16.0-192.0 y=33205x-41.832 0.9998 |3.39 4.18+0.47
4) 12.5-150.0 y=24051x-47.659 0.9999 |4.84 5.21+0.31
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g‘d‘?'l 1 Chromatograms of compound (1), (3) and (4) with various wavelengths;
a) 200 nm, b) 223 nm, ¢) 248 nm and d) 266 nm.
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gﬂ‘ﬁ 2 Chromatograms of andrographolide (1) and l4-deoxy-11,12-didehydro

andrographolide (2) at various wavelengths; a) 200 nm, b) 223 nm,
¢) 248 nm and d) 266 nm.
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M15191 3 Partition coefficients of compounds (1) to (4).

Concentration in
Volumn ratios

Comp. (n-Octanol:Buffer) n-Octanol Buffer Poss (meaf;);f‘s'n.) Log Pys
(pg/mlL) (ng/mL)

(1) 1:1 1.620 0.0357 4538  43.0+3.96 1.63
1.472 0.0349  42.18
12 1.666 0.0386  43.16
1.340 0.0323  41.46

@) 1:1 1.799 0.0049  367.14  374.9+431 2.57
1773 0.0049  361.84
1:2 1.832 0.0046  398.26
1.824 0.0049  372.24

@3) 1:1 2272 0.0059  189.50  348.149.04 2.54
1.901 0.0052  204.30
1:2 1.895 0.0060  190.10
1.857 0.0057  202.09

@) 1:1 1.6689 0.0016  34.63  1017.3+7.51 3.01
 1.6028 0.0015 31.43

1:2 1.5364 0.0017 36.28
© L7913 0.0017 47.16

3.2 Biological Activify

3.2.1 Anti-HSV-1 Aeuntsnageugniany HSV-1 Tahnmsmanududui bikluivdomad e 19
fuanududuiiezmgniaeld

1. The cytotoxicity of andrographolide derivatives

A lvaamannilufvvewaazas uaaalumsiad 4
2. Anti-HS V-1 activity in pre- and post-infecttion
‘fiwms%@ﬁmﬁmmm‘fﬁ’fu"h}uﬁﬂ@ﬁ‘ymmﬁ@uqm%iﬁmmsﬁmﬁ%?ammaaummmmm

Tunsduide HSV-1 Tasmmhasnageuiufy HSV-1 2000, 1000 tiay 500 PFU /ml (1139 100,
50 Az 25 PFUAwell) dlunar 10,30 uaz 60 1) thaswayd Ientiuiy cell wdivd 37° ¢ il
A 72 ¥y wanInaAaeaAIRaglil-3 Wi ss3 lifinaee pre incubation activity Tuwaizil $82

1A SS19 HHNTYUBYAUTTIZNIMUBINITY 11aAIN S2 wag SS19 Tnadois HSV Tasnsa
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Extra Extra
* Comp. R, R, R, @ i CC,," (M)

| OH OH OH o 76.3
2 - OH OH AN AP 243 4
3 - OH OH - A" 80.3
4  OH O- O-C(CH,), 40.2
5 OCOCH, 0- 'O-C(CH,), 59

6 OCOCH, OH OH 6.6

7 OCOCH, OCOCH, OCOCH,; 6.4

8 OH OCO(CH,),,CH, OCO(CH,),,CH, 4.2

9 OCO(CHZ)MCH'} _ OCO(C11,),,CH, ' OCO(CH,),,CH, , 122.1
0 - OCO(CH,),,CH, OCO(CH,),,CH, AN AR 73.9
1t - O- O-C(CH,), AP AP 44.9

*Cytotoxicity CCsg value is the concentration corresponding to 50%viability of Vero cells, calculated by using a lincar

regression curve between substance concentration(s) (M) and the percentage of cell viability.

‘i’ Qd Y s 1 e Y A5 1 g
M S,ﬁ]ﬂﬁﬂﬂrﬂﬂiﬁ HSV-1 ﬂemmzﬂammﬂiwaa

Tested % inhibition
Comp Conc. Pre-infection Post-
(uM) 10 min 30 min 60 min infection
1 16.28 5.75+5.86 11.49+7.78  34.5+£11.94 56.944 88
2 10.01 4.31+0.71 17.24+6.08 23.56+6.66 83.3342.08
3 16.16 8.86+1.41 16.46+6.08 27.60+2.99 52.9+10.95
4 11.96 18.974929 25.86:1.00 44.83+4.88 100.0+£0.00
5 1.59 96.1240.58  98.06+0.58  99.034+0.58 79.61+0.00
6 2.02 98.06+1.15 100.0+£0.00  100.0+0.00 61.17+1.15
7 1.05 99.23+0.58 100.0+£0.00  100.0+0.00 55.56+3.79
8 1.20 90.29+0.58  92.72+2.12  97.09+0.00 69.90+1.53
9 6.46 97.09£1.00 97.09+0.00  99.03+0.58 75.24+0.71
10 15.77 24.14+1.41  25.85+0.00 39.08%+5.13 82.7642.65
11 9.54 36.78+0.71  77.01£1.41 88.51+1.41 79.3140.00
*Control 100.0+0.00  100.0+£0.00  100.0+0.00 100.0+0.00

*Dextran sulfate (1mg/mL) was used for a positive control in pre-infection inhibition;

*ACV (5pg/mlL) was used for a positive control in pre-infection inhibition
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gﬂ‘ﬁ 3 QWISI’?]NET%IN andrographolide (AD), 14-deoxyandrographolide (DAD), and 3.19-
isopropylidencandrographolide (IPAD).

100 4
! —e—-AD

1

80

60

% Viability cells

l

20

O - T H T T T 1
0 5 10 15 20 25 30
Concentration of compounds (j1g/ml)

a‘l @ a o 1 T et Aot
511 4. asmluameanuduius sz A nuuduYeIas AD, DAD uaz IPAD uavisadnoaisie
o [l P “~ 1 I's H 3 <3
nanTdhmma uduTuRduRsomas 50% wazh 20% e diuanududulums

nATRUNEN 1T INede 1



% Cytopathic Effect

a)
E CPE —, |
C) IPAD W HSV-L infectedicells i 2 = I E 1
with n cell st 5 dugwweddlawaanivld
inverted light microscopy (10X); a) the
normal Vero cells, b) the HSV-1 control
cells with cytopathic effects (CPE) and ¢)
the IPAD treated cells (absolute inhibition
of anti-HSV-1 renlication).
100 -
B8 AD
1 ©DAD
80 - | #®IPAD
£ HSV-1 control
60 -
40 | o
20 A f‘“‘f
ol -

pre-incubation (10 min) pre-incubation (30 min) pre-incubation (60 min) post-incubation

" = -4 1 [ a = [ o
317 6. g udo Y81 AD, DAD tay IPAD AoutaznaInsda HSV-1 ¥a4 3 15iwaad 1103

- A4 ¥ =1 QJ 1 q‘
nAaeINABLAAITD 10, 30 LAY 60 WTasNaauTIgNT 1ina 100%1uvaz i IPAD 1dwa 100%
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Dextran sulphate #48% Acyclovir i positive controls HMH5U MlunBY BazrdIMsAATBAINAIAL
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100 - —
s 75
3
i o
c
® 50 ~
&
X
25 - _
—«+— Time-of-addition
—a— Time-of-removal .
0 . )

4 8 ’ 12 16
) ) The post-infection times (h)
- @ a = = ] "4 -
= g 7. msdugamsaiyaulaves HSV-111315@ad  Time-of-addition (&) and removal (B) of

IPAD at 4, 8, 12 and 16 h p.i. In the time-of-addition study, the HSV-1 were inhibited completely in all of
the experiments. No inhibitory activity was observed at 4 h of time-of-removal, but the inhibitory effect

improved to 100% at 12 and 16 h of time-of-removal.

500

194 bp — 200

100

g‘ﬂﬁ 8. Effects of IPAD on HSV-1 DNA synthesis by using PCR. The HSV-1 DNA of the treated cells:
lanes 1 and 3 were time—df-removal at 4 and 10 h p.i., and lanes 2 and 4 were time-of-addition at 4 and 10
h p.i; lane 5 was the post-infection of IPAD after incubation with infected cells for 24 h p.i.; lane 6 was
the ACV treated cells (positive drug control); lane 7 was normal Vero cells; lanes 8 to 10 were 1000, 500,

250 PFU/mL of HSV-1 treated cells, respectively; and lane 11 was blank control.
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30

b)

Vero gD

50 kDa —»

HSV-1 IPAD ACVY

Vero HSV-1. gC IPAD ACY

gﬂﬁ 9. Effects of IPAD on HSV-1 protein expression. The expression of viral gC (~95 kDa) and gD (~50
kDa) in the treated cells was evaluated by western blot analysis: a) lanel, normal Vero cells; lane2, HSV-1
infected cells; lane3, gC; lane4, IPAD treated cells; and lane5; ACV control cells; b) lanel, normal Vero

cells; lane2 gD, lane3, HSV-1 infected cells, laned [PAD treated cells; and lane5, ACV control cells.

3.2.2 ﬂ]i‘nﬂﬁ@)‘uq%émi f‘]’ué’aaau'icmj reverse transcriptase Y94 HIV-1
Lﬁa‘ﬁmn‘ﬂﬂaanqwﬁ(mmmsﬁﬁﬂmgu"lwsﬁmzawi%s don1sdud e la] reverse
ranscriptase 484 HIV-1 Tag1d RetroSys™ kit wuiszduanududusuduvesasadariia ss3,
AND?2, SS17, SS20B, SS34A, SS34B, S§540, SS53 ﬁqmﬁlﬁnf‘%mﬂmﬁ reverse transcriptase U034 HIV-1
laTeaninieoay 50 3a'lilad e 1C50
dumsadasiia SS1, $S2 waz 5539 RanduduGuduasadudueuTe reverse
transcriptase Y84 HIV-1 14%ouas 67.13, 83.95 1az72.44 muddy uaziiiedenumsanaasiiaz 10

1 9 o 3 L4 . o W o {
o i ldgnBiuduen la] reverse transcriptase ¥09 HIV-1 anasmudiauauaadluansieh 2 uazgal

fis-11
M1319% 6 % RT inhibition Y03 A3 AFAYiiA SS1, SS2 uag SS39
SS1 SS2 SS39
Conc, (uM) % RT Conc. (uM) % RT Conc. (uM) % RT
inhibition inhibition inhibition
16.28 67.13% 10.01 83.95% 6.46 72.44%
1.628 59.79% 1.001 57.77% 0.646 56.62%
0.1628 50.87% 0.1001 50.58% 0.0646 51.25%
0.01628 47.20% 0.01001 46.34% 0.00646 45.25%




0.01

31

Anti-RT activity

01 s

Concentrations (uj

84

70

60

- 50

40

- 30

% RT inhibition

¥=0.578x+ 51.82
R*=0736
551

—— lnear {SS1}

gﬂ‘ﬁ 10 Anti-reverse transcriptase activity ¥p9aslsznoy SSI ﬁmmﬁ’fu%’uszé’uénq

. 0.01

Anti-RT activity

0.1
concentrations (i}

1Q

% RT inhibition

y=3.4317x+50.15¢
R*- 0961
%552

——Linear {552}

5111 11 Anti-reverse transcriptase activity ¥83e1315znoy $S2 Raududuszaua 199
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Anti-RT activity

< i
£ y=3.532x+ 50.05
8 R2=0.895
€ 5539 ‘
30 t —— Linear {5539}
R
20
,,,,, . S+ 10
- - - L@
0.001 . 0.01 . 01 1

Concentrations {uMj}

51/ 12 Anti-reverse transcriptase activity ¥94e1315zn01 5539 AnTnduduszdudien

$ t 1 @ 3 4 i
MR M CC,,, IC,, 4nz SI mmiemmmu‘lc}m reverse transcriptase Y99 HIV-1

sS1 ss2 | 5839
CC,* | 76.27 uM 243.45 UM 122.06 1M
IC,, ©1.861 uM 0.044 uM 0014 1M
ST 4098 5,532.95 8,718.57

, , .
a o =N
winamg: CC,* Tdanmsnaae cytotoxicity ¥ormsanalumadimiziaeawiia vero cell line

Y = = <

4
o <
3.2.3 qNEAIUYAUNIEIYDY andrographolide Az DYWUT

X

QNBAIYATNYDI andrographolide HazayWUTUNAIAD gram negative bacteria, E. coli ATCC
25922 1Ay P. aeruginosa ATCC 27853 waaslua1i1ah 8, SS19, $$20, $S34, SS36 1ay SS37 UNaAD
activity against S. aureus ATCC 25923, E. faecalis ATCC 29212 4 B. subtilis ATCC 6633 1189910

] b4
ss19l¥nanngaduiudaiundny site of action A FUFIUVBY B. subtilis ATCC 6633
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319N 8 Activity of andrographolide and andrographolide analogues on various organisms.

Sample S aureus | E. faecalis | B. subtilis | E. coli | P. aeruginosa { C. albicans

SS1 | MIC (uM) I [ I I I [
MBC (uM) 1 | | I | I
SS2 | MIC (uM) I I I I I I
MBC (uM) | I | I I I
SS3 | MIC (pM) [ I [ I I I
T | MBC (uM) I I I I I I
SS19 | MIC (uM) 62.5 125 31.25 I I I
= MBC (uM) 62.5 125 31.25 -1 I I
SS20 | MIC (uM) 125 62.5 250 I I I
MBC (uM) 125 62.5 250 I | I
SS30 | MIC (uM) [ I [ I I I
MBC (uM) [ | I I [ 1
SS34 | MIC (uM) 250 1,000 5% I [ I
MBC (uM) 250 1,000 625 [ I I
SS36 | MIC (uM) 1,000 7l 1,000 | [ I
MBC (uM) 1,000 e 1,000 B! I [
SS37 | MIC (uM) 250 i 125 | | I
MBC (uM) 250 i 25 I B! 1
SS839 | MIC (uM) [ I [ [ | [
MBC (uM) I [ | | I I
SS40 | MIC (uM) | [ | [ [ I
MBC (uM) [ [ [ | I [

Amp | MIC (uM) 0.3125 5 80 ND ND ND

MBC (uM) 0.3125 5 80 ND ND ND

[ = Inactive; ND = Non-determined, *Need to be confirmed, Staphylococcus aureus ATCC 25923

Enterococcus faecalis ATCC 29212; Bacillus subtilis ATCC 6633 Escherichia coli ATCC 25922

Pseudomonas aeruginosa ATCC 27853; Candida albicans ATCC 90028



gU# 13, Transmission electron micrographs showing effects of compound (5) on
morphogenesis of B. subtilis ATCC6633. Untreated cells (A). Cells after treating with
compound (4) at 125 pM (4 x MIC) for 4 h (B-F). Abnormal cytoplasmic aggregates (B, C, E,
F, arrow). Elongated cells (B-E). Abnormal polar septation (C-E).
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3.3 HAMINAARUGNTMANTY INeN

Tuihimsnaaesms (4 mgke) nffouiisudy @vihazais uag paracetamol 125 mmole/kg

e
Tavldny 5 @rluudaznqunui a1snadalignd antipyretic A p8n1 paracetamol

Fever

Rectal temperature change

\‘/ [e] - ——&——  Control
O Para 1.25menolefkg

R o ——-9———  SS14mgrky
— =B — - $S2Amglkg
. —— - -—  SS34oglkg
— —0O— —  SS17 4mgfg
— —@— —  $$19 4mgikg

-2 A T B v ]

0 2 4 6 8 10
Time (hr)

gﬂﬁ 14 #aYD9 5%DMSO (control), paracetamol (1.25 mmole/kg), SS1, SS2, SS3, SS17-uay SS19 Tu

YA 4 faaniun laniy degamgisIMeMImMNININYeIN YY1 2 F21HAUFIRA baker yeast

Hot Plate Test Hot Plate Test
12

" tpl

10 Ay
G oy
2 = @
-~ 84 -2
o [ iy
o Q
£ E o
P 8
£ r = £
@ o
E 4 £
) @
£ E o
= -

2 4

o |

0 05 1 4 8 8 05 4 8

D S$17 7k
Dose §S3 (mg/kg} ose S {mglka)

sUn 15 nauaasauesss3 (A) waz Ss17 B) luwwna o, 1, 4 ¥5e 8 Gaanswhlansulums

ADUALBIRDAINIZAY (AW 0U) 11 Hot Plate Test
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3.32. na@evgwaaathanalis hot plate #ax tail flick test Tunyoudns

MNINAaDIas (4 mg/keg) Wlisuiouiu dvazais uag paracetamol 125 mmolekg Tag
Taoldny 5 drlundazngy wuh eyfuiidaunsiziiuas andrographolide Tt d1unimnualia
(Tail Flick Test 14a hot plate test) 3 ‘Lh‘;\ 3

333 mmﬂaavqﬂéé’fmmié’man

ms SSI way SS3 amnsoaadfinanfwesmyrnihldsney W) nnnsiadae

)
Y s

5 o o P o 1oAYy Yoo - ! < o
carrageenan 18 egaiiieddndionSouisudunqui 1Sy 5% DMSO it 3 92 Tuandesadae

carrageenan (3 7)  eudfhnguinldsy ss17 slimsanasvesSinasiudf linuanuuandas

nana a1 $s20 luwusadumssnmuluvunanldnaaeu

Paw Edema

1.2

{3 5% DMSO

4 mg/kg SS1

1.0 1 BB 4 mglkg SS3
4 mglkg SS17
=) 4 mglkg SS20

Change of paw volume (ml)

0.0

31 16 nave9 5% DMSO ¥3® @13 SS1, $S3, SS17 13 $520 Tuving 4 Tadnsu/Alandy @
firevinasiiveanyuainm 3 91 luaduih Iiiiud e carrageenan

3.3.4 Toxicity MANDIAN 8 mgkg (double dose for pain) Iﬂﬂi%‘ﬁg 5 ﬁﬂmwiazmju WU

Hq ¥ s g Y Yy Yy ia . .
vnan i mussvinai Idud 14 1348 acute toxicity

4
3.3.5 MInAdeUgNTann Iz 3A 31 (antidepressive effect) Tunydudng
1 Qd
NNMINARDL BINUgNEMUATIZT A wesas SS3 v3e $S17 Tuwuia 0.5, 1, 4 Wi 8
a a w o @ d‘l 3 =3 Y s
gaansw/mlaniy dinld lasmsdainyes
Q‘ oy s - . S o
3.3.6 MINAAUYNTAAANNINNNNIA (anxiolytic effect) VOIXTIUNYIUTNI
co € c;'{ = Qs )
1INN1INARBY inugniaannuIandaIavesats SS3 15 ss17 luvuia 05, 1, 4 3D 8
a a o oA o A % [2) Y 9
Jaansu/n laniy el lasmsnanyea

3.3.7 MINAAOUGNTYLA SS17 MHUABAIN aggressive VYOIHYDUIN WAL
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nnmsnaasmuinsidans  ss17 luvwia 8 daanswalaniu  mauthyesluiicag
= a v v ¥ s o v
AasuaIngAnI TuNIIAIUANNAIT VoMYA UTATINAE
cj’o/ ] Lﬂ‘ ar \ é b4 .
wennild iinumadouulasesedvizauiioasnaeudisaudan
4 1
3.3.8 MINATOUGNEYLI SS1, SS2 Haw SS17 NUABHYANTTHMAUNAVS IHYTUIn WAL
1 P 3 PoY=V-N Qs o o J = ¥
nan13naaeInuN PA (@sildhalgaTnmsduazieywusves ss1) uaz $s2 lilinade
WARS TUMUNAVBINYAUTNTINAR
vy 185 sildenafil Nnu < az 5 FadniwdTandy wuhluiun 2-4 vesmsnaasanyiinig
A ¥ L a/ o Qs oy 4 L L
(W13 UYD 4 mounting freguency pE1TNETWaMIadAlionTsumsudunguaIugy
. . .Y 1
@ o A woa o FY 1 Y as L a
A3 183 SS1 vna 50 daaniu/mlaniudimeroiouiios 1 A%Y @11Ns0IAY mounting
9 o A 1 d o ] ] ma & = Y 1
freguency 19 1 Sufi 2-4 sea lsnamwds hinuanuuandramsadfdienlSsusuiunguaiugy
o o & WA o/ g4 1 3 qu =
51851 $S17 v 50 daanswnlanfudnnieresiewdios 1 ATe aINTANY mounting
F% :/‘ Y U o ' = d%’ . o o
freguency Taludwaiun 1-4 8613 IAMUNLIMTINNUTUYDY mounting freguency Tuiun 1 uaz 2
YpamInaasdlinnuuanaes s dgneadfiienlssusuiunguaiugy a1 8
9 Q‘/ 3 Q Qs
aieliasueulasns v lad Tasnstlouluwna 50 unsnn. 1 assuaziimsduna
) !, o v 1
WHHANT TN mounting latency 0¥ mounting frequency nasldans 30, 60, 120 1ax 180 W NaﬂﬂﬂgDW
as ‘ I3 Y as o’ sy Yo : St =
wisnniloums 120 iidludu'll dadnasesn 18 umsueulasni Il ladlingAnssumameg
{ [ 1 @ o e ‘ o :/J i a g
Wgauazuanaedaiiodiny Taowiuldnimsanasves mounting latency HazMIHLTUYBA

mounting frequency

= C_jDayt
€ Day 2
w %71 em@oayd
@ £ Day 4
@

o
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z 6
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I

<

E

T 4

o

i

=

£

£ 2

[}

=

o o
DMSO PA §S1 882 S17 Siidenafil

suit 17 maves SS1, $S2, SS17 uay Sildenafile fis mounting frequency



Mounting Latency

14
f } Control
12 Andrographolide 50 mg/kg
i Sildenafil 5 mg/kg
< 10 — — ~— —
E
)
< 8
2
m I
1 . *
2 o -
T *
3 4] .
=
*
. %g ‘
0 7
30 60 120 180

Time After Treatment (min)
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51 18 HA3 50 me/kg andrographolide B mounting latency Yeanigwerd tiold mathn iiodiou

r A
U negative control (5% DMSO), 1ae 5 mg/kg sildenafil iy positive control

14

Mounting Frequency

12 4

Mounting Frequency
[+

&—e Control
O—0O Andrographolide 50 mg/kg
w—v Sildenafil 5 mg/kg

T T T T T

30 60 90 120 150

Time After Treatment {min})

186

210

gﬂﬁ 19 wWaw¥®9 50 mg/kg andrographolide o mounting frequency “UENWL&LW?(F;]: @il methn die

[=1 ar A
INBUNU negative control (5% DMSO), Hay 5 mg/kg sildenafil Futh positive control

&b af ¢ A4 4 af d " P
3.3.9 mynareugniaeSinamidlin mandeuiivesailliuuaz szduvessesluumnalname

Tsu tioliasuvunatifo e
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. b P g o o
diefinugnivesaisueu lasnit W laaasszauses luuma Inawme lsulunszuadon  Tae
- Jd 1 o a a wo o s
mitleunsvesiimeais Tesnilvinavesasuoulasni I laawiiny 5o faansualansy whuma 2,
a o 1 @ " cg ‘ oS @ o w as o
4, 6 waz 8 dUam WuNIzRUYEIFes luma Iname Isugayuedninisdwyludavid 4 vay

as ot 1 o A -t s
a@aﬂu’dﬂmm} 6UnT 8 uazmﬂmimam"!mwmwmauuazmimsaummmﬂmaﬂm

Serum Testosterone Level

g | " Control
Andrographolide 50mg/kg, orally

Serum Testosterone level (ng/mt)

Lm0

- Treatment (week)

! g ¥ o -4 4 <t @ .
gﬂ‘ﬁZO Naued andrographolide W@S%ﬂ‘utestosteronecluﬁ‘lgmﬁ@ RTRIVTTTRT negative control (5%
DMSO
. : 4 .
3.3.10 MINATUYNTABHABALADA
A = - Lo A o L4
denageugnivesdisueulasnii ld laadenasaiden  Tasmsidumsueulasni i lad
s A o & aa =y A . . v
(0.2 Hadnsu/iiaadas) aelilu organ bath Nivaeaen (aortic strip) YoanyusNUIUBY 1Al 10
1 ) = a £y aya [l o
U AOUNIAY norepinephrine (0.15 WA Tunsw/alaaans) nunaisueu Iasni1 v ladansoaams

d‘ R Q‘{ Q
HARIVDINADAADATIAAIINGNTVYOA norepinephrine 18

g‘ﬂﬁ 21 #aYo4 of 0.15 ng/ml norepinephrine (NE) @8 aortic strip YBIYY rat iiodinis preincubate iy

0.2 mg/ml andrographolide (Andro) 104 W





