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Design, synthesis and anticancer activity studies of oleanolic acid
derivatives targeting mTOR
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Abstract: Ten novel oleanolic acid (OA) derivatives containing urea or thiourea group were designed and
synthesized, the chemical structures were confirmed by *H NMR, *C NMR and HR-MS. All of these compounds
were evaluated for the inhibitory activity against growth of HepG2 and SGC7901 cells. The results showed that
compounds I, and 11, exhibited significant antitumor activities with 1C,, of 9.4 and 5.5 umol - L, respectively.
Molecular docking studies showed that all these compounds exhibit inhibitory ability against mTOR kinase.
Compounds I, and 11, were further evaluated for the inhibitory activity against mTOR kinase. The results showed
that 1, and 11, exhibited strong inhibitory effect on mTOR kinase with 1C, values of 0.83 and 0.26 umol - L.
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Reagent and conditions: (a) Jone's reagent, acetone, rt, 2 h; (b) (COCI),, CH,Cl,, 40 ‘C, 2 h; (c) Piperazine, CH,CI,, Py, DMAP, rt, 3 h; (d)
Substituted phenyl isocyanates, CH,Cl,, Et;N, rt, overnight; (e) Substituted phenyl isothiocyanates, CH,Cl,, Et;N, rt, overnight.

Scheme 1  Synthetic route of target compounds
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1 -147.076 1, -141.312
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Figure 4 Binding of compounds I, and 11, to the active site of mMTOR
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T OA, Hordr 1, A1 11,55 HepG2 2 Jfd &2 7~ H 58 5t 3 12k
ICqo fEL 433 /2 9.4 F115.5 umol - L%,

Table 2 Inhibitory activity of the target compounds on HepG2
and SGC7901 cell lines
Compd. Inhibition rate /% IC,o/umol - L*
HepG2 SGC7901 HepG2 SGC7901
OA 19.7 15.3 >50 >50
1, 38.6 39.1 32.8 35.2
1, 43.3 40.0 30.1 36.6
I 59.5 50.4 9.4 12.6
1, 38.1 41.2 375 30.4
I 41.6 40.2 355 39.1
11, 40.4 385 34.9 41.7
11, 315 36.9 315 45.8
11, 63.5 53.2 55 10.6
1, 50.4 455 19.3 25.2
11, 425 36.9 29.5 455
AZD8055 60.3 52.8 10.7 135
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P E P B 20 R S 2 BT == 3R Al . BT iR A T
B el ak b al
1 HEYHERK
1.1 3-|K-FHREE-12-15-28-1R88 (1) BIHI&

55 UE R (0.500 g, 1.095 mmol) ¥ fiit T 30 mL
PR H, VKR VA TR 221 35 n 30 35 T T L ¥ Jones X571,
HEI N2 h, TLC M s M4 p o NN S TR B 15 mL
TR, SR8 B30 mine TR L BEFEEL 3Kk, A IEA AL
AH, PORN A Eh K PR 3R, To/KBR R AN T, Hhig, 28+
T, 15 3 7 A 14 0.483 g, 77 %N 96%, mp 218.7~
221.3 'C (CHR{E mp 220.3~222.1 ‘Cl9),
1.2 3-ER-FEHRBLEE-12-15-28-Bt & 2)HH &

BALA4 1 (0.500 g, 1.020 mmol) ¥ f# T30 mL &
K AR, AR 40 °C, B RE TR 2212 0 hn A
(0.698 g, 5.499 mmol), [F] 7 s B 2 h, TLC WM 2 37 £
Mo JUEZE TV, IS EE (10 mLx2) Peik, T
T, 1538 [ @E K 0.488 g, =R N 97%, I & .
1.3 &Y ) MislE

£ 25 mL ATEIR IR (1.455 g, 16.889 mmol),
VKERA A . Bk E ¥ 2 (1.000 g, 2.114 mmol) & fiFt
T10 mL ek SRk, S22 i 2 % 22 0 °C BRI
FOH, BRI TS 7K DMAP (0.013 g, 0.106 mmol)
ATE K L BE (0.248 g, 3.135 mmol), = i % 3 h, TLC
WIS B2 2% e S B AE L 34K, & HF A HLAH, AN
AR K PR 3K, T KR BR AN T, g, 8 25 T IE
7, 1539 8 O AR . G A (i 4y B a4k [WE A
F): H - S H e=11150 (V/V)] 49 31 (A 4 [ 44 0.864
g9, 77 % 4 86%, mp 149.9~151.2 C . HR-MS (m/2):
523.402 8 [M+H]"; '"H NMR (600 MHz, DMSO-d,) ¢

5.21 (t, J = 3.7 Hz, 1H, H-12), 3.38~3.30 (m, 4H, piper-
azinyl-H-2',6"), 2.86~2.78 (m, 4H, piperazinyl-H-3',5"),
1.15 (s, 3H, CH,), 1.13~1.11 (m, 1H, piperazinyl-H-4"),
1.09 (s, 3H, CH,), 1.04 (s, 6H, 2CH,), 0.93 (d, J = 3.2
Hz, 3H, CH,), 0.90 (s, 3H, CH;), 0.78 (s, 3H, CH,);
¥C NMR (101MHz, CDCI;) ¢ 127.62, 174.55, 151.61,
144.45, 139.87, 129.34, 129.26, 128.58, 123.49, 121.92,
121.85, 55.26, 51.86, 51.67, 49.71, 49.38, 47.60, 47.45,
46.32, 43.85, 43.33, 41.96, 40.15, 39.42, 37.68, 34.29,
33.97, 33.08, 31.15, 30.73, 28.84, 28.45, 27.32, 27.08,
26.12,23.94, 22.07, 20.86, 20.75, 17.46, 16.22.

14 &M ~1H05%

141 EPILHEE KARREIRE (00549,
0.453 mmol) T 10 mL /K 1,2-— & L, BT %
TR B E T 5 mL K L2- Z & ki &4 3
(0.158 g, 0.302 mmol) fin A = Z fi% (0.183 g, 1.808
mmol), V& &35 5, SR J J IR, W,
I B, TLC SRR 0 S B 24 o — S H B 2 L 3
R, A IR WA, TR R 7K Pk 3 IR, To 7K B R A
TR, R, R ZE A, A3 B A AR A
T JIR € 1 2 Ak 23 15 (R 0 7): H I - U e =1:80
(VIV)] 75 31 /3 €4 [ 44 0.118 g, 7= % ¥ 75%, mp 159.6~
160.8 °C ; [a]5+40.5 (c 0.50, CHCL); HR-MS (m/2):
642.455 2 [M+H]"; 'H NMR (600 MHz, DMSO-d,) ¢
7.54~7.50 (m, 2H, ph-H-2',6"), 7.39~7.35 (m, 2H, ph-
H-3',5"), 7.06~7.04 (m, 1H, ph-H-4"), 5.24 (t, J = 3.7
Hz, 1H, H-12), 3.62~3.54 (m, 4H, piperazinyl-H-3',5"),
3.50~3.42 (m, 4H, piperazinyl-H-2', 6"), 1.08 (s, 3H,
CH,), 0.97 (s, 3H, CH,), 0.91 (s, 6H, 2CH,), 0.86 (s, 6H,
2CH,), 0.70 (s, 3H, CH,); *C NMR (101 MHz, CDCL,)
0 217.62, 17455, 151.61, 144.45, 139.87, 129.34,
129.26, 128.58, 123.49, 121.92, 121.85, 55.26, 51.86,
51.67, 49.71, 49.38, 47.60, 47.45, 46.32, 43.85, 43.33,
41.96, 40.15, 39.42, 37.68, 34.29, 33.97, 33.08, 31.15,
30.73, 28.84, 28.45, 27.32, 27.08, 26.12, 23.94, 22.07,
20.86, 20.75, 17.46, 16.22,

142 &Y LHIE B WRE ST, s
#) 3 (0.158 g, 0.302 mmol) 5 4l H 7% 53 SR ik (0.060
g, 0.453 mmol) o7, AH fib 8 fik i €0 0tk i Ab 7y 25 [
) B - A fe=1:80 (V/V)] 15 31 (3 0[5 44 0.114
g, P % K 72%, mp 170.5~171.8 C; [«]>+48.6 (¢ 0.55,
CHCL,); HR-MS (m/z): 656.471 4 [M+H]";H NMR
(600 MHz, DMSO-dy) 6 7.30 (d, J = 6.2 Hz, 1H, ph-H-
3), 7.28~7.24 (m, 2H, ph-H-5',6"), 7.06~7.04 (m, 1H,
ph-H-4%, 3.59~3.51 (m, 4H, piperazinyl-H-3',5"), 3.47~
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3.39 (m, 4H, piperazinyl-H-2',6"), 2.23 (s, 3H, ph-CH,),
1.14 (s, 3H, CH,), 1.08 (s, 3H, CH,), 1.03 (s, 3H, CH,),
1.00 (s, 3H, CH;), 0.88 (s, 3H, CH;), 0.84 (s, 3H, CHy,),
0.78 (s, 3H, CH,);®C NMR (101 MHz, CDCl,) ¢
217.65, 174.57, 151.66, 144.42, 134.97, 131.85, 130.98,
129.54, 126.13, 123.26, 114.79, 55.24, 51.88, 51.67,
49.73, 49.40, 47.58, 47.47, 46.32, 43.82, 43.33, 41.95,
40.13, 39.40, 37.64, 34.32, 33.97, 33.04, 31.15, 30.78,
28.79, 28.35, 26.88, 26.80, 26.24, 23.93, 21.91, 21.78,
20.65,17.47,17.08, 16.17,

143 LEWILIEIE B RH STk, s
#) 3 (0.158 g, 0.302 mmol) 5 2-55-4- H £ 75 3 3 J R
li5 (0.068 g, 0.453 mmol) S . b 28 5 R € 1 4l 4k
o3 [ H R - S H k=180 (VIV)] 158 5 &
[ 74 0.118 g, 7 % Ny 75%, mp 171.3~173.1 C; [a]5
+58.9 (c 0.90, CHCI,); HR-MS (m/z): 674.461 9 [M +
H]*; *H NMR (600 MHz, DMSO-dg) 6 7.46 (d, J = 6.1
Hz, 1H, ph-H-6", 7.05 (d, J = 7.2 Hz, 1H, ph-H-5'), 6.95
(s, 1H, ph-H-3", 5.24 (t, J = 3.7 Hz, 1H, H-12), 3.60~
3.52 (m, 4H, piperazinyl-H-3',5", 3.48~3.40 (m, 4H,
piperazinyl-H-2',6"), 2.29 (s, 3H, ph-CH;), 1.15 (s, 3H,
CH,), 1.08 (s, 3H, CH,), 1.03 (s, 3H, CH,), 1.00 (s, 3H,
CH,), 0.88 (s, 3H, CH,), 0.84 (s, 3H, CH,), 0.79 (s, 3H,
CH,); ®C NMR (101 MHz, CDCL,) ¢ 217.58, 174.84,
163.16, 155.63, 144.47, 134.54, 125.38, 123.35, 123.18,
116.54, 116.29, 55.26, 51.67, 51.42, 49.79, 49.64, 47.81,
47.65, 46.28, 43.84, 43.35, 41.94, 39.88, 39.27, 37.62,
34.03, 33.93, 32.75, 31.24, 30.81, 28.79, 28.53, 27.08,
26.64, 26.27, 23.99, 21.91, 21.77, 21.54, 20.82, 17.41,
16.15.

144 &MWL MEIE LR RH T s
) 3 (0.158 g, 0.302 mmol) 5 X A 4 2 2K 5 5 IR B
(0.062 g, 0.453 mmol) Jx B o AH il Z8 Tk Jie £ 3% 26 4k 43
B[P H - AU BE=1180 (VIV)] 153 A 6 [ 4
0.120 g, = #% A 76%, mp 165.0~166.4 °C; [o]5 +46.5
(c 0.55, CHCI,); HR-MS (m/z): 672.466 2 [M +H]*;
'H NMR (600 MHz, DMSO-d;) d 7.32~7.28 (m, 2H,
ph-H-2',6", 6.95~6.91 (m, 2H, ph-H-3'), 5.25 (t, J = 3.7
Hz, 1H, H-12), 3.78 (s, 3H, ph-OCH,), 3.61~3.53 (m,
4H, piperazinyl-H-3'5"), 3.51~3.43 (m, 4H, piperazinyl-
H-2',6"), 1.00 (s, 3H, CH,), 0.99 (s, 3H, CH,), 0.96 (s,
3H, CH,), 0.95 (s, 3H, CH,), 0.87 (s, 6H, 2CH,), 0.70 (s,
3H, CH,);C NMR (101 MHz, CDCl,) & 217.61,
174.87, 159.34, 155.65, 144.45, 131.98, 123.38, 120.34,
120.17, 114.82, 114.73, 56.03, 55.24, 51.79, 51.68,

49.86, 49.73, 47.51, 47.46, 46.34, 43.76, 43.34, 41.95,
39.81, 39.38, 37.65, 34.42, 33.93, 32.76, 31.28, 30.75,
28.80, 28.39, 26.72, 26.70, 26.29, 23.97, 21.77, 21.65,
20.96, 17.48, 16.13.

145 EDILBBIE LB ILKHE ST HiE
) 3 (0.158 g, 0.302 mmol) 5 3- % & F 7 H L 5
(0.062 g, 0.453 mmol) S % . FH kb 2 ik fis £ % 4l 4k 4y
B [BE LR P - — SO 6E=1:80 (VIV)] 13 3] 1 A [#]
K 0.099 g, /= #% 4 63%, mp 158.6~159.2 °C ; [a]s
+47.6 (c 0.55, CHCI,); HR-MS (m/z): 660.446 2 [M+
H]*; *H NMR (600 MHz, DMSO-d;) 6 7.79 (s, 1H, ph-H-
2'), 7.41~7.39 (m, 1H, ph-H-5", 7.35 (d, J = 5.0 Hz,
1H, ph-H-6", 7.03 (d, J = 7.3 Hz, 1H, ph-H-4"), 5.23 (t,
J = 3.7 Hz, 1H, H-12), 3.60~3.52 (m, 4H, piperazinyl-
H-3',5", 3.50~3.42 (m, 4H, piperazinyl-H-2', 6"), 1.05
(s, 3H, CH,), 0.97 (s, 3H, CH,), 0.92 (s, 3H, CH,), 0.90
(s, 3H, CH,), 0.85 (s, 6H, 2CH,), 0.70 (s, 3H, CH,);
3C NMR (101 MHz, CDCl,) ¢ 217.60, 174.58, 163.73,
155.67, 144.64, 137.91, 130.84, 123.51, 117.67, 116.83,
116.44, 55.27, 51.73, 51.68, 49.85, 49.62, 47.69, 47.51,
46.28, 43.79, 43.33, 41.94, 40.15, 39.34, 37.57, 34.26,
33.96, 32.86, 30.72, 30.81, 28.63, 28.35, 26.74, 26.79,
26.28, 23.90, 21.96, 21.72, 20.93, 17.39, 16.17.

1.5 &I~ HE &

151 &N MHEIE KA E R R (0.061
g, 0.453 mmol) ¥ T 10 mL E/K 1,2- — & L ki, BT
R N A T 5 mL K L,2- SR LR &
3 (0.158 g, 0.302 mmol) Jin A\ = Z Ji% (0.183 g, 1.808
mmol), V& & 3415 5, 22 1% N K 5 7 i WU R e v, R
W, BB, TLC BRER IS I e 2% pi e G0 FH bR RS L
3R, B IFA N, MIAN & SRk PRk 31Kk, /KRR T
P, HhUE, VR ZE TN, 49 Bk s AR . A
i € 0 4l Ak 23 B [ e AR FR - AU H kE=1180 (V/
V)] 3 2 [ 0 il 44 0.118 g, 7= % N 75%, mp 134.6~
136.4 C ; [o]5 +42.3 (c 0.55, CHCI,); HR-MS (m/2):
658.432 8 [M+H]*; '"H NMR (600 MHz, DMSO-d,) §
7.42~7.38 (m, 2H, ph-H-35", 7.33~7.29 (m, 2H,
ph-H-2',6"), 7.10~7.08 (m, 1H, ph-H-4"), 5.24 (t, J = 3.7
Hz, 1H, H-12), 3.90~3.82 (m, 4H, piperazinyl-H-3',5,
3.52~3.44 (m, 4H, piperazinyl-H-2', 6"), 1.08 (s, 3H,
CH,), 0.97 (s, 3H, CH,), 0.91 (s, 6H, 2CH,), 0.86 (s, 6H,
2CH,), 0.70 (s, 3H, CH,); *C NMR (101 MHz, CDCl,)
§217.57,182.15, 174.84, 144.68, 138.91, 129.68, 129.54,
128.63, 126.84, 126.65, 56.94, 56.58, 55.67, 50.71,
50.52, 47.86, 47.72, 46.43, 43.84, 43.58, 41.93, 40.18,
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39.56, 37.64, 34.33, 33.72, 32.97, 31.20, 30.68, 28.97,
28.43, 27.05, 26.87, 26.19, 23.71, 22.07, 21.83, 20.84,
17.27,16.11.

152 EWILEHIE LN M6l &%, Hik
4% 3 (0.158 g, 0.302 mmol) 5 4B B 4 5 A & R g
(0.068 g, 0.453 mmol) Sz 7 . A il 28 Fef Ji £ 3 4l Ak 43
B [PRMLA - U =180 (V/V)] 1351 1 6 [
K 0.114 g, 7 % A 72%, mp 142.5~143.9 C ; [a]5
+49.8 (c 0.58, CHCI,); HR-MS (m/z): 672.446 8 [M +
H]*; *H NMR (600 MHz, DMSO-d;) ¢ 7.23 (d, J = 6.2
Hz, 1H, ph-H-3"), 7.18~7.16 (m, 1H, ph-H-5'), 7.16 (d,
J = 6.5 Hz, 1H, ph-H-6"), 7.12~7.10 (m, 1H, ph-H-4"),
5.24 (t, J = 3.7 Hz, 1H, H-12), 3.87~3.79 (m, 4H, piper-
azinyl-H-3',5"), 3.48~3.40 (m, 4H, piperazinyl-H-2',6"),
2.25 (s, 3H, ph-CH,), 1.15 (s, 3H, CH,), 1.08 (s, 3H,
CH,), 1.04 (s, 3H, CH,), 1.03 (s, 3H, CH,), 0.93 (s, 3H,
CH,), 0.90 (s, 3H, CH,), 0.75 (s, 3H, CH,); ®*C NMR
(101 MHz, CDCL,) 6 217.58, 182.26, 174.94, 144.48,
137.02, 136.27, 131.33, 130.18, 127.49, 126.56, 56.92,
56.88, 55.56, 50.81, 50.63, 47.79, 47.60, 46.52, 43.93,
43.58, 42.05, 40.21, 39.36, 37.67, 34.34, 33.92, 32.76,
30.83, 30.68, 28.84, 28.51, 27.09, 26.86, 26.23, 23.97,
21.84,21.65, 20.63, 18.19, 17.51, 16.18.

153 EWIEGIE %0810 86 & 05, ik
443 (0.158 g, 0.302 mmol) 5 2-%(-4- F L IR 5 2
E W25 (0.076 g, 0.453 mmol) 7. HH it 48 ik Jie (0 33
a4k 4y B (e i H R - — & bE=1:80 (VIV)] 12
B [E £ 0.117 g, 77 % N 75%, mp 144.2~145.4 C;
[o]5 +60.5 (c 0.95, CHCI,); HR-MS (m/z): 690.438 6
[M+H]"; *H NMR (600 MHz, DMSO-d;) ¢ 7.41~7.39
(m, 1H, ph-H-6"), 7.05 (d, J = 7.1 Hz, 1H, ph-H-5'), 6.96
(s, 1H, ph-H-3", 5.20 (t, J = 3.7 Hz, 1H, H-12), 3.88~
3.80 (m, 4H, piperazinyl-H-3',5", 3.46 ~3.38 (m, 4H,
piperazinyl-H-2',6"), 2.31 (s, 3H, ph-CH,), 1.11 (s, 3H,
CH,), 1.00 (s, 3H, CH,), 0.97 (s, 3H, CH,), 0.95 (s, 3H,
CH,), 0.89 (s, 6H, 2CH,), 0.72 (s, 3H, CH,); 3C NMR
(101 MHz, CDCL,) 6 217.60, 182.36, 174.95, 167.89,
144.70, 134.88, 128.34, 125.26, 123.35, 117.62, 116.56,
56.93, 56.78, 55.65, 50.69, 50.41, 47.88, 47.64, 46.52,
43.95, 43.35, 41.94, 40.27, 39.33, 37.78, 34.36, 34.17,
32.92, 31.26, 30.76, 28.84, 28.46, 27.18, 26.76, 26.54,
24.25,21.97, 21.62, 21.44, 20.85, 17.46, 16.14.

154 L& HGIE LB B 6 & 07, Bk
4% 3 (0.158 g, 0.302 mmol) 5 %} F 48 5 7K 5 B R
fi5 (0.075 g, 0.453 mmol) S . Al 28 0 IR 1 4l 4k

SF B [P M) - & ki=1:80 (V/IV)] 4531 A
i 14 0.119 g, 7= % 4y 76%, mp 135.8~137.4 C; [a]s
+48.5 (c 0.55, CHCI,); HR-MS (m/z): 688.443 6 [M+
H]*: '"H NMR (600 MHz, DMSO-d;) 6 7.44~7.40 (m,
2H, ph-H-2',6"), 6.92~6.88 (m,2H, ph-H-3',5"), 5.25 (t,
J = 3.7 Hz, 1H, H-12), 3.88~3.80 (m, 4H, piperazinyl-
H-3', 5", 3.75 (s, 3H, ph- OCH,), 3.45~3.37 (m, 4H,
piperazinyl -H-2',6", 1.01 (s, 3H, CH,), 0.99 (s, 3H,
CH,), 0.96 (s, 3H, CH,), 0.95 (s, 3H, CH,), 0.87 (s, 6H,
2CHy,), 0.70 (s, 3H, CH.); *C NMR (101 MHz, CDCl,)
5 217.56, 182.49, 174.68, 159.65, 144.59, 127.84,
127.67, 123.40, 114.91, 114.65, 113.54, 56.97, 56.75,
55.98, 55.64, 50.46, 50.18, 47.86, 47.62, 46.43, 43.98,
43.52, 42.05, 40.26, 39.57, 37.88, 34.64, 33.98, 32.61,
31.16, 30.92, 28.89, 28.67, 27.16, 26.78, 26.42, 23.63,
21.64, 21.58, 20.96, 17.44, 16.10.
155 LEWIAEIE 42 I 0 s 77, ik
43 (0.158 g, 0.302 mmol) 5 3- % 7K Jk 7 i FUR s
(0.069 g, 0.453 mmol) Jz B . K b 28 #E fise € 1% Al 4k 4y
B [WRBEA: FE- AU BE=1180 (VIV)] 13 31 A [
£ 0.098 g, I #% 4 63%, mp 136.6~138.2 °C ; [a]y
+51.5 (c 0.60, CHCI,); HR-MS (m/z): 676.423 6 [M+
H]*; *H NMR (600 MHz, DMSO-d,) 6 7.66 (s, 1H, ph-H-
2'), 7.38~7.36 (m, 1H, ph-H-5"), 7.21 (d, J = 6.1 Hz,
1H, ph-H-6", 6.95 (d, J = 8.1 Hz, 1H, ph-H-4"), 5.23 (t,
J = 3.7 Hz, 1H, H-12), 3.87~3.79 (m, 4H, piperazinyl-
H-3',5"), 3.46~3.38 (m, 4H, piperazinyl-H-2',6"), 1.08
(s, 3H, CH,), 0.97 (s, 3H, CH,), 0.92 (s, 3H, CH,), 0.90
(s, 3H, CH,), 0.85 (s, 6H, 2CH,), 0.69 (s, 3H, CH,);
13C NMR (101 MHz, CDCl,) 6 217.52, 182.26, 174.85,
163.57, 144.53, 139.02, 130.95, 123.41, 122.56, 121.85,
116.76, 56.97, 56.65, 55.64, 50.68, 50.49, 47.88, 47.63,
46.25, 43.84, 43.67, 41.94, 40.22, 39.54, 37.61, 34.32,
33.98, 32.67, 31.22, 30.74, 28.91, 28.34, 26.75, 26.65,
26.54, 23.60, 21.97, 21.62, 20.95, 17.55, 16.09.
2 EYEMENER

DL AZD8055 Ay BH 4 XT 18 25, K Ff MTT i %) & B
(19 B A5 A A W AT A4 S0 o v PR A, P ade A )
I3 240 i NI 4 B Hep G2 1A 5 9 44 s SGC7901 .
Vg 0o A K S R A i R R A 96 LR SRR R, & 4H
Mok & FLEEFh 5x 1034, A 3N H AL, BT CO,H IR
RigRfp, KR 2an & . BAHZRIKE RN 10
pmol - L™, CO, fH i s 7 M th 4k 2k 55 92 72 h. 34 20
uL (1 mg-mLY) MTTIBINA, 7£37 C REHE 4 h, 5
B, INON U FE VAR 200 L, 1R V% VA AR . AE B AR
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A0 570 nm Z A4 Tl E & FLOG % FE (OD) {A, i
FITINAL A0t 20 PR A0 FR) 2R T 1C g0 SEER EE S 39K, 25
ST S5 4A, THE S AL20 M g A e, H0 ) 2= (oo R
H OD & -#j¥)2H OD H)/xf {2 OD {Ex100%.
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