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Synthesis and biological evaluation of aminoalcohol
rheinate as anti-osteosar coma agents
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Abstract: Rhein (4,5-dihydroxyanthraguinone-2-carboxylic acid) is the primary anthraguinone in the roots
of rhubarb. A recent study showed that rhein can inhibit tumor cell proliferation and induce apoptosis in human
tumor cells. However, the clinical application of rhein has been hampered by its poor bioavailability, low
agueous solubility and gastrointestinal disorders. In current study, twenty-four target compounds were designed
and synthesized by coupling various hydrophilic alkanolamines to the 2-carboxyl of rhein, and their structures
were established by IR, HR-MS, "HNMR spectra.  Solubility test showed that all compounds were 10.04 to
15.08 mg-mL ™" in water, which was 220 to 330-fold better than that of rhein (0.045 6 mg-mL™"). All of
rhein derivatives displayed more potent anti-tumor activity than rhein, and most of them were comparable to
adriamycin, particularly, compound 4t exhibited 1Cs, value of 2.08 umol-L™, more effective than adriamycin
(ICs=2.35 pmol-L™). Hydroxyapatite adsorption experiment suggests that compound 4t has a better bone
affinity than that of tetracycline.
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Tablel Physical propertiesof compounds 2a—2d

Compd. Character Yield/% mp/'C
2a Yellow powder 87.7 147.2-148.0
2b Yellow powder 89.2 134.5-135.4
2c Yellow powder 89.8 130.2-131.6
2d Yellow powder 91.6 131.4-132.6
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Scheme 1  Synthetic routes of compounds 4a—4x.

Reagents and conditions: (i) Br-(CH2)»-Br (n=3-6), THF, TEA, TBAB, rt,

10.5-11.5 h; (ii) Diethylamine, morpholine, piperidine, N-methyl piperazine, N-ethyl piperazine, or N-hydroxyethyl piperazine, K>COs,
CH3CN, 40-50°C, 8-9 h; (iii) Isopropanol saturated solution of hydrogen chloride, rt, 12-24 h
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Table2 IR, *H NMR and MS data of compounds 2a—2d

Compd. ESI-MST/Z IR (KBr) v/cm *H NMR (400 MHz, CDCl3)
[M+H]

2a 405.3,407.2 3061,2920,1719,1630, 11.86 (s, 1H), 11.81 (s, 1H), 8.21-8.19 (m, 1H), 7.73-7.28 (m, 3H), 7.27-7.25 (m, 1H), 4.50
1474, 1453, 1387 (t, J=6.5Hz, 2H), 3.57 (t, J = 6.4 Hz, 2H), 2.36—2.34 (m, 2H, CH>)

2b 419.2,421.4 3071,2956,1727,1630, 12.00 (s, 1H), 11.93 (s, 1H), 8.36 (s, 1H), 7.90-7.88 (m, 2H), 7.74 (d, J = 7.3 Hz, 1H), 7.33—
1470, 1454, 1374 7.31(m, 1H), 4.44 (t, J = 6.4 Hz, 2H), 3.53 (t, J = 10.4 Hz, 2H), 2.08-2.05 (m, 4H, CH>)

2c 433.3,4355 3077,2936,1723,1629, 11.95(s, 1H), 11.90 (s, 1H), 8.33 (s, 1H), 7.94-7.80 (m, 2H), 7.71 (t, J= 7.9 Hz, 1H), 7.30
1471, 1454,1378 (d, J=85Hz, 1H), 4.40 (t, J = 6.3 Hz, 2H), 3.48 (t, J = 6.4 Hz, 2H), 2.03—-1.93 (m, 2H),

1.92-1.82 (m, 2H), 1.72-1.60 (m, 2H)
2d 447.3,449.2 3421,2947,1721,1672, 11.98(s, 1H), 11.92 (s, 1H), 8.35(s, 1H), 7.89 (s, 1H), 7.84 (d, J=7.4Hz, 1H), 7.71 (t, I =

1630, 1453, 1428, 1399,
1376

7.8 Hz, 1H), 7.34-7.27 (m, 1H), 440 (t, J = 6.2 Hz, 2H), 3.44 (t, J = 6.8 Hz, 2H), 2.00-1.74

(m, 8H)

Table3 Physical properties of target compounds 4a—4x

Compd. NR;R; Character Yield/% mp/°C Solubility/mg-mL™"
wa
4a - .\JL Yellow powder 68.2% >200 13.62
4b =N ) Yellow powder 60.1% >200 11.32
4c i— N P Yellow powder 58.7% >200 12.10
N
4d — Nux . Yellow powder 58.1% >200 12.17
OH
Yo
4e i-N N N\ Yellow powder 58.3% >200 10.05
N
4f i— N N— Yellow powder 58.9% >200 13.27
W
49 §—.\.‘L Yellow powder 65.6 % >200 12.98
4h =N ) Yellow powder 59.1% >200 10.71
4 §— N P Yellow powder 59.2% >200 11.66
. N
4 = NuN ™ Yellow powder 57.6% >200 11.96
OH
Fa
4k i-N N N\ Yellow powder 57.9% >200 10.48
‘o
4 - N N— Yellow powder 56.8% >200 14.83
W
4m = xL Yellow powder 65.9% >200 12.43
4n =N ) Yellow powder 64.3% >200 10.27
40 §— N P Yellow powder 58.8% >200 12.32
N
ap =N N Yellow powder 58.9% >200 12.21
OH
Yam
4q =N N N\ Yellow powder 57.0% >200 10.04
‘o
4r i— N N— Yellow powder 60.3% >200 13.72
W
4s = .\.‘L Yellow powder 67.6% >200 13.84
4t =N ) Yellow powder 56.0% >200 11.04
4u §— NP Yellow powder 60.2% >200 12.85
N
4v — NuN Yellow powder 58.2% >200 15.08
OH
Fa
4w i—=N N N\ Yellow powder 60.4% >200 10.22
‘o
4x i— N N— Yellow powder 58.5% >200 12.90
Rhein N/A Yellow powder N/A >200 0.0456
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Table4 IR, ™H NMR and MS data of target compounds 4a—4x

ESI-HR-MS

Compd. miz [M+H]" IR (KBr) v/cm IH NMR
4a 398.1615  3421.8,2925.2,2675.1,1717.0, *H NMR (400 MHz, CDCls) ¢ 8.33 (s, 1H), 7.89-7.79 (m, 2H), 7.67 (t, J = 7.9 Hz, 1H),
1673.6,16385,1451.1,1424.1, 7.28(d, J=8.4Hz, 1H), 440 (t, J=7.1 Hz, 2H), 2.75 (m, 6H), 2.10-2.05 (m, 2H),
1267.9 1.16-1.10 (m, 6H)
4b 4101617  3436.3,3180.1,2959.0,2931.0, H NMR (400 MHz, CDCl3) 6 8.23 (s, 1H), 7.79 (s, 1H), 7.74 (d, J = 7.4 Hz, 1H), 7.63
2603.5,2475.9,2404.3,1730.1, (t, J=7.9Hz 1H), 7.23(d, J=8.9 Hz, 1H), 4.32 (t, J= 6.8 Hz, 2H), 2.85-2.81 (m, 6H),
1679.7,1632.1,1452.4,14152  1.80-1.76 (m, 2H), 1.68—1.64 (m, 2H), 1.29-1.24 (m, 4H)
4c 4121412  3436.1,2947.0,2878.2,2418.1, H NMR (400 MHz, CDCl3) 6 12.05 (s, 1H), 11.98 (s, 1H), 8.41 (d, J = 7.1 Hz, 1H),
1729.3,1629.9, 1453.6 7.92 (m, 2H), 7.76 (t, J= 7.9 Hz, 1H), 7.36 (d, J = 8.4 Hz, 1H), 4.50 (t, J = 6.8 Hz, 2H),
3.88-3.85 (m, 4H), 2.72-2.70 (m, 6H), 2.19-2.17 (m, 2H)
4d 4551832  3336.3,2984.7,26355,2549.1, 'H NMR (400 MHz, CDCl3) 6 8.37 (s, 1H), 7.88 (m, 2H), 7.72 (m, 1H), 7.32 (d, J=8.0
2429.6,1724.9,1629.9,1475.3, Hz, 1H), 4.46 (t, J= 6.2 Hz, 2H), 3.65 (t, J = 6.8 Hz, 2H), 2.62-2.57 (m, 12H), 2.04—
14551 2.01 (m, 2H)
4e 4391881  34310,3183.2,2923.8,28530, HNMR (400 MHz, DMSO-dg) 6 11.99 (s, 1H), 11.92 (s, 1H), 8.16 (s, 1H), 7.88 (m,
2651.6,2561.9,2441.9,1725.9, 2H),7.77 (m, 1H), 7.46 (d, J = 7.2 Hz, 1H), 4.45 (t, J = 6.4 Hz, 2H), 2.54-2.50 (m,
1674.7,1633.1,1469.7,14505  10H), 2.26-2.23 (m, 2H), 1.30—1.27 (m, 5H)
4f 4251726  3428.7,3183.2,2558.9,24421, HNMR (400 MHz, DMSO-ds) 6 8.36 (s, 1H), 7.93—7.80 (m, 2H), 7.72 (t, J = 7.5 Hz, 1H),
1728.0,1631.1,1469.7,14480  7.31(m, 1H), 4.45 (t, J= 6.6 Hz, 2H), 2.77-2.55 (m, 10H), 2.41 (s, 3H), 2.05-2.01 (m, 2H)
49 4121753  3422.8,2926.3,2670.1,1719.0, H NMR (400 MHz, DMSO-dg) 6 7.94 (d, J = 7.6 Hz, 1H), 7.75 (m, 1H), 7.70~7.50 (m,
1671.6,16325,1450.1,14241  2H), 7.40-7.29 (m, 1H), 4.37 (t, J = 6.7 Hz, 2H), 3.21-3.18 (m, 6H), 1.89-1.86 (m, 4H),
1.27-1.22 (m, 6H)
4h 4241752  3417.2,2923.2,2850.7,1722.2, H NMR (400 MHz, DMSO-dg) 6 11.96 (s,1H), 11.92 (s, 1H), 8.14 (s, 1H), 7.92-7.82
1629.4,1475.6, 1450.6 (m, 2H), 7.75 (d, J= 7.5 Hz, 1H), 7.45(d, J = 8.4 Hz, 1H), 4.39 (t, J = 7.4 Hz, 2H),
3.48-3.42 (m, 6H), 1.93-1.67 (m, 10H)
4 4261645  3433.1,2943.0,2876.2,2412.1, H NMR (400 MHz, CDCl3) 6 7.88 (s, 1H), 7.75 (s, 1H), 7.54 (m, 2H), 7.29 (m, 1H),
1727.3,1626.9,1451.6,1296.6  4.31(t, J=6.5Hz, 2H), 3.61 (t, J = 6.6 Hz, 4H), 2.50—-2.46 (m, 6H), 1.72—-1.68 (M, 4H)
4 4691914  3410.7,2935.1,2645.4,2565.8, H NMR (400 MHz, CDCl3) 6 8.10 (s, 1H), 7.76 (m, 3H), 7.43 (s, 1H), 4.35 (t, J=6.6
1719.6,1629.6,1609.1,1452.4, Hz, 2H), 3.80 (t, J = 6.6 Hz, 2H), 2.55-2.49 (m, 12H), 1.46—1.41 (m, 4H)
13787
4K 4531964  3420.9,29755,2638.6,2557.8, H NMR (400 MHz, DMSO-ds) 6 8.10 (d, J = 7.9 Hz, 1H), 7.88-7.69 (m, 3H), 7.42 (d,
1718.8,1680.8,1632.9,1451.3 J=7.1Hz 1H),4.38(t, J=6.7 Hz, 2H), 3.11-2.93 (m, 12H), 1.82 (m, 2H), 1.73 (m,
2H), 1.25-1.22 (m, 3H)
4 4391964  3421.5,2934.9,2798.1,1719.2, HNMR (400 MHz, CDCl3) § 7.91 (s, 1H), 7.76 (t, J = 8.0 Hz, 1H), 7.61 (s, 2H), 7.34
1673.4,1629.7,1452.0,1418.3, (d,J=8.1Hz 1H),4.34(t, J=6.8 Hz, 2H), 2.80-2.39 (m, 15H), 1.95-1.93 (m, 2H)
1376.6

am 4261900 3421.3,2922.4,2650.8,17232, HNMR (400 MHz, CDCl3) 6 8.27 (s, 1H), 7.90-7.76 (m, 2H), 7.70 (t, J = 7.6 Hz, 1H),
1630.6,1476.1,1451.3,12688  7.29(d, J= 7.1 Hz, 1H), 4.39 (t, J = 6.6 Hz, 2H), 3.20 (t, J = 7.0 Hz, 4H), 3.08 (t, J= 6.0
Hz, 2H), 1.44 (t, J = 6.9 Hz, 6H), 1.26-1.22 (m, 6H)

4n 4381856  34225,2958.0,1717.8,1631.6, ‘H NMR (400 MHz, CDCls) 5 12.03 (s, 1H), 11.96 (s, 1H), 8.39 (s, 1H), 7.96~7.85 (m,
1473.8,1451.4,1378.2 2H), 7.75 (t, 3= 7.9 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H), 442 (t, J = 6.8 Hz, 2H), 2.68—
2.24 (m, 6H), 2.32-2.29 (m, 2H), 1.93-1.89 (m, 6H), 1.30-1.26 (m, 4H)
40 4401648  34217,2963.8,24436,1724.2, *H NMR (400 MHz, CDCls) 5 8.33 (s, 1H), 7.87 (s, 1H), 7.82 (d, J = 7.5 Hz, 1H), 7.70

1670.4,1636.5,1452.6,1268.6  (t,J=7.9Hz, 1H), 7.30 (d, J = 8.3 Hz, 1H), 4.39 (t, J = 6.6 Hz, 2H), 3.73 (t, J = 8.0 Hz,
4H), 2.45-2.41 (m, 6H), 1.91-1.79 (m, 2H), 1.63-1.61 (M, 2H), 1.52-1.49 (m, 2H)

4p 4832070  33931,29482,1721.6,1630.9, HNMR (400 MHz, CDCls) 9 8.28 (s, 1H), 7.89-7.75 (m, 2H), 7.68 (t, J = 7.9 Hz, 1H),
1452.1,1276.6 7.27(d, J=9.2 Hz, 1H), 4.36 (t, J = 6.2 Hz, 2H), 3.63 (t, J = 6.7 Hz, 2H), 2.77-2.32 (m,
12H), 1.84-1.80 (m, 2H), 1.63—1.61 (m, 2H), 1.49-1.47 (m, 2H)
4q 4672161  3420.6,2974.6,2441.7,1721.6, *H NMR (400 MHz, CDCl3) 6 8.31 (s, 1H), 7.90~7.59 (m, 3H), 7.29 (s, 1H), 4.37 (t, J =
1673.1,16265 1452.7,1380.3 6.5 Hz, 2H), 2.97-2.45 (m, 12H), 1.83 (s, 2H), 1.58—1.54 (m, 4H), 1.20 (s, 3H)
4 4532007  3433.1,2950.6,2641.9,25459, ‘H NMR (400 MHz, DMSO-ds) 5 11.95 (s, 1H), 11.91(s, 1H), 8.12 (d, J = 7.5 Hz, 1H),

1730.2,1673.7,1625.3,1451.3  7.88-7.80 (M, 2H), 7.75 (d, J = 6.6 Hz, 1H), 7.44 (d, J = 7.4 Hz, 1H), 4.38 (t, J = 6.4 Hz,
2H), 3.57-1.53 (m, 10H), 3.05-3.01 (m, 3H), 1.70-1.68 (m, 2H), 1.47—1.42 (m, 4H)

4s 4402052  3426.3,2937.1,2668.8 17202, *H NMR (400 MHz, DMSO-ds) 6 7.90 (s, 1H), 7.78 (s, 1H), 7.60 (s, 2H), 7.34 (d, J =
1672.3,1632.0,1569.3,1473.3, 7.4Hz, 1H), 431 (t, J = 6.2 Hz, 2H), 3.16-3.07 (m, 6H), 1.76-1.73 (m, 4H), 1.48-1.44
1451.3,1408.2 (m, 4H), 1.25-1.20 (m, 6H)
4 4522052  3421.1,2920.6,2843.7,17224, HNMR (400 MHz, CDCl3) 6 8.20 (s, 1H), 7.78-7.67 (m, 2H), 7.62 (t, J = 7.8 Hz, 1H),
1626.3, 1 472.6, 1 456.9 7.22(t, J= 8.3 Hz, 1H), 4.28 (t, J = 6.3 Hz, 2H), 2.95-2.92 (m, 6H), 1.90-1.86 (M, 2H),
1.77-1.74 (m, 2H), 1.45-1.40 (m, 4H)
4y 4541844  34331,29359,2866.1,1727.1, HNMR (400 MHz, CDCl3) 9 8.41 (s, 1H), 7.91 (m, 2H), 7.74 (t, J =8.0 Hz, 1H), 7.35
1626.3, 1473.8, 1 455.6 (d, J=8.4Hz, 1H), 4.40 (t, J = 6.5 Hz, 2H), 3.82-3.79 (s, 4H), 2.55-2.51 (m, 6H),
1.90-1.80 (m, 2H), 1.53-1.49 (m, 6H)
4y 4972267  34427,3314.7,2922.7,25752, *H NMR (400 MHz, CDCl3) 5 8.36 (s, 1H), 7.87 (m, 2H), 7.72 (t, J = 7.9 Hz, 1H), 7.31
1720.8,1672.8,1631.2,1457.8, (m, 1H), 4.38 (t, J = 6.4 Hz, 2H), 3.72-3.70 (m, 2H), 2.91-2.56 (m, 12H), 1.84-1.80 (m,
1377.0 2H), 1.63-1.61 (m, 2H), 1.50-1.48 (m, 2H), 1.45-1.42 (m, 2H)
4w 4812316  3426.3,3080.7,2936.4, 28100, HNMR (400 MHz, DMSO-de) & 8.34 (s, 1H), 7.91-7.78 (m, 2H), 7.70 (t, J= 7.9 Hz,
17189, 1674.1, 1629.2 1H), 7.30 (d, J = 8.5 Hz, 1H), 4.37 (t, J = 6.7 Hz, 2H), 2.69-2.38 (m, 12H), 1.83-1.81
(m, 2H), 1.59-1.39 (m, 6H), 1.12 (t, J = 7.0 Hz, 3H)
ax 4672163  34231,2929.4,2852.8,2766.7, HNMR (400 MHz, CDCl3) 0 8.32 (s, 1H), 7.90-7.76 (m, 2H), 7.70 (t, J = 7.8 Hz, 1H),

2359.6,1721.0,1676.5,1626.7, 7.29(d, J=6.5Hz, 1H), 4.36 (t, J = 6.4 Hz, 2H), 3.24-2.18 (m, 13H), 1.81-1.78 (m, 2H),
1471.7,1416.1, 1 268.1 1.66-1.62 (m, 2H), 1.54-1.37 (m, 4H)
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KB, EFIRARMEH, SR T B AR A RK R
FRAE /K R IR . 3R 3 SLIG A WoR, KIS A
B T A0 G W R KV P 5 DR TR A BU A K i 2
Bom, B st & W AE K i) iR 2y 10.04~15.08
mg-mLt, 2 KERR (AN 0.0456 mg:mL™) 1
220~330 fi%.

3 YHREEIEM

DAK B R AN 22 S L A B PE T R, SR MTT 32
WA T H AR LA YR N R4 U20S R4t
Y M 3G B R 1 . SIS A R LK 5.

B 5 R, BTG B K B R e B B e K Ak & )
R AN ()2 P b 400 ) N B PAIRE 40 B U20S (1384 56 . 3L
o, ALEW 4c. 4h. 4is 4o AT 4u S N PAIE B B
I E RS, H1Cs KT 20 pmol LY oAb &
Y5 B R 2 2 2 L B AR Y, B R A A
AR A FEE L, DL At (vEYE N R, 1Cso [EA
2.08 umol-L 7%, BEE T LKA .

4 BREBKAXTHEY 4t BIRHIER

R FH R B AT B S B0 I e T A At 1Ak
HMESRAIME, SEEGHRE Wow, BRERBEKART 4t (I
BifE Ay 13.97+0.13 umol-g %, m T IUMEK (8.24=+
0.12 pmol-g 1) FIK# R (6.85+0.08 pmol-g %) HIMK
MHE, R 4t BF R R e,

5 MMXRMSHH

HE PN 25 R T VB H, Histh &0 msis
PR 8 2 Jf0 3 12 5 O 4 R i 0 % A [ PR L T A O
ME NG BARFR, ERE BN E, HE A
FRANTR], BcEC 6 B B g s M 3 Ay, i 4t >4n>4b >
4h, 4v > 4j > 4p > 4d, {EXF H bRl &9 8 P 52 A
iR SN CI RS IN O ONE R TN C A=k /N PRS- AR
FE, 27 gl NEkER, 15311 B Artb &9 Hin
B RS M2, 1Cs fHI T 20 pmol-L 7, 17244y
FHEIN CHEIRER, BT LAY 1Coo [HINEUK
MANBLE, SO0 BT e PRRE M TR T ST
EY) 4t v, B NRIE, BN 6, T

Table5 Effects of the target compounds 4a—4x on proliferation
of U20S

In vitro cytotoxicity (ICso/umol-L™%)

Compd.
uU20s

4a 7.44+0.23
4b 6.89+0.31
Ac > 20
4d 7.02+0.16
de 3.42+0.15
4f 5.47 +0.28
4g 2.67 +0.08
4h > 20
4i > 20
4 234+0.11
4k 3.23+0.06
4 3.75+0.12
4m 5.39+0.31
4an 3.55+0.18
40 >20
4p 2.84+0.09
4q 2.85+ 0.05
4r 2.68+0.15
4s 3.13+0.22
4t 2.08 +0.07
Au > 20
4y 2.28 + 0.06
4w 5.94+0.21
ax 3.19+0.19

Adriamycin 2.25+0.28

Rhein > 100

AW an i, FHUIEE S [FONREE, B AN 3,
H1Cs & T 20 pmol-L 7%, Fi i PURNE T % .
6 IS

AKEPEMR 230 R W, B bR &P 0 K iE P
A KIEI R (AR N 10.04~15.08 mg-mL™Y), &K
HIRVARIE (0.0456 mg-mL™Y) ) 220~330 1. 1k
SRR MTT XA &7 bl B U20S
Y E PR, S5 RRY, B B AR Y B R
S R IR A E VR L T KR, K2 &Y
WS 2 R WEM Y, Kb, a4t i RE,
ICoo {Hi A 2.08 pumol-L ™. 4441 ¥ 3 i A A W B S 56
T, 4t HOE SRR T DUIR &K .

SIS ER S

LCQ ADVANTAGE MAX 5 B¢ s it A% (35
FINNIGAN 7 7); Nicolet Acatar 370 DTGS # £ 4}
AL (35 Thermo Electron 24 #]); AV400 4% fi
FEIRAL (75 [F Bruker A, TMS NN HR); 2R G
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W (BNEAREGA R AR, 100 mmx 100 mm); K%
(Fi /N ERPBHE A RTHE AR, 2K T 98%),
WA A prali .

1 &EY

11 ik 2a~2d BIERRIEE KRR (284 mg,
1mmol). =Z.f% (4 mmol). PYIE T FAk4: (322 mg,
1 mmol) A1 THF 10 mL Jin A\ # 50 mL B JE M+, =
BIFES minjg, I ZREEE (4 mmol), =R+,
TLC MBI HERE o [ SEEE, 1 JE, P8R R 46,
RERAE i 4tk (4R 4 ls— Ay BE=1: 5) 3+ [a]
R B IR IR AR e B T

12 Biitéa 4a~4x ¥ 2a~2d (0.5 mmol).
K,CO; (276 mg, 2.0 mmol). KI (83 mg, 0.50 mmol)
MEREHE (4 mmol) (L. WREE. nhupk, N-F %
WRE. N-Z LIRS, N-F2 25 IREE) & T 100 mL 5
R, N2 10 mL, TLC Wil fz Bk feE, 40~
50 CJ % 8~9 h. /v 4 F =ik, Jnsk 50 mL,
FARG R4 pH £ 7, H CH,Cl, (30 mLx3) # I, &
HANUE 5 MR H KB 3 Ik, ToKBRBREAT 15,
Wi, Mk aifh (FE- & W he=1: 10, viv), 1§
L IR Y, INEA A RN EEEAAR 5 mL, =
R, U, BT, SR am R,

2 LAY da—~ax AR

FE B RRA da~ax, FZEM/KE 4% 100 mL, 45
FHL 05, 1. 1.5, 2. 25mL EAZE 10mL 1, “F47T
MR ACRE 3 k. THRELMERAT . UGS &
da~4ax i\ —E EKH, 37 CIHIEREIK 72 h, B.0H
IEW, BN ORI S &, TR AR
3 HpE AN

S RPN E Rk U20S RS2 3R H bR
P Py AT BH M X OB R . % 2 Lh SR S A2 K At e 1)
kIR . Y7 37°C. 5% CO, M AIGE & 135 3546
W IR BRI E 10%POKIEIREITE . F%5
2 100 urmL 14555 % 100 urmL 9 RPMI 1640 &
DMEM Zifu ks 7R3, 48 h I3, ML &,
F 0.25% Jif g 1 BTH A AL AR . S50 A 40 M 35 Ak T %8 2
AR, I I AR YLk W A S 71 > 95%.

HUA T 55 B A K IR AS R B 40—, DNV
1BV (0.125% i & g + 0.01% EDTA) M4k, it
2Tt 2x10°~4x10" 4, il R4 = iR T 96 AL
R b, Rl 180 pL, EIEIE CO,¥EFR4H 1% 24 h,
e, IANZRZY), 4L 20 ul, ¥53% 48 h. ¥ MTT
N 96 FLB Y, 9L 20 L, HEFEATIEE 4 he )

% L&, i DMSO, 4L 150 pL, “FARFEIR _FIR#E

10 min, Z AW H% % 7 MK (0.1~10 umol LY,

Pt EEK G 125 W WILASCAE 9% K g 570 nm A3 5 B 5L RO

FE, 53 vk B VR BE T 1 4 i 40 i) 2
S N T

9 P 36t HE FLAH X ODAE — 24 i FLAH X OD{H
4 =
AR I3 % B FL AR X OD A

BA VX BEFLAR 6T OD B = BA Xt I FL 45 % OD
i -2 X AL X OD 18

i LAY OD {H = 25 fL4a %t OD 15 — ¢ A Xt
M L4 % OD 1

I SPSS17.0 i@ id JLF AL INAL R (Bliss
1) 15 1Csp0
4 L&Y 4t RN BT R A R T SEaS

i 2 T 1) DY 2 25 0 AR5 I 9K B 3 31 A 200
100. 50. 20. 10 pmol-L ™ [T /K Z.BEvA W, FHE 4Ny
J6GRETE 4 I e L OG FEA, A5 IO 5 ik
FEZ S R . FEFIRSEL 200 pmol-L ™ #5 JIi
5mL £ 10 mL &), 4. &ML 4 5
IR, Al R 3 AR R KA 25 mg,
S A R IR R A R R A PR
% 1 min J5, B THREAERFH 16 h. diEE 3%
TEIE WM, 2 ORI 43 06 6 B T e
JEREAA, IS RE S B RIREE . R A
A=V-ACIm 15 5 4b B Pt 2 55 68 2 1 IR B
U VISR EIARL (L), AC RIS IE IS At
WA A FAT R G IR EE 2 (umol-L7Y); m AR iR K
AR (g). FRUFEHIMLB 22, RV PR E 52 HE M 2K
A b BRI A o R B R R RIS I
s A

x100%
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