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Design, synthesis, and in vitro anti-inflammatory activity of novel matrine

derivatives
LU Yifei', SONG Jia’, SHEN Hongxia', ZHAO Qingjie'*(1. School of Pharmacy, Fujian University of Traditional Chinese
Medicine, Fuzhou 350100 China; 2. School of Pharmacy, Naval Medical University, Shanghai 200433 China)

[Abstract] Objective

activity. To investigate the structure-activity relationship between the novel matrine and the anti-inflammatory activity by modifying

The alkaloids contained in the Chinese herb Sophora flavescens have good anti-inflammatory

the structure of matrine. Methods Fourteen novel matrine derivatives were obtained by chemical modification using matrine as the
lead compound with matrine and M19 as positive controls. The cytotoxicity of matrine derivatives against RAW264.7 cells was
detected by the cell counting kit 8 (CCK8) assay, and the relative amount of NO produced by matrine derivatives against
lipopolysaccharide (LPS)-induced inflammation model of RAW264.7 cells was detected using an NO assay kit. The enzyme-linked
immunosorbent assay (Elisa) was used to detect the secretion of interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a)) by
matrine derivatives in LPS-induced inflammation model of RAW264.7 cells. Results The novel matrine derivatives all exhibited
lower cytotoxicity compared with M19. The NO inhibition rates of the novel matrine derivatives were all higher than that of
matrine, and some were higher than that of M 19, with compound A12 having the highest NO inhibition rate. Compounds A1l and
A12 showed higher IL-6 inhibition than the control M19. Additionally, compound A12 had higher TNF-a inhibition than M19.
Conclusion Compound A12 inhibited the strongest inhibition of NO, IL-6 and TNF-a release and had the best anti-inflammatory
activity, which provided an important lead compound for this subsequent in-depth study.

[Key words] matrine; derivatives; synthesis; structure-activity relationship; in vitro anti-inflammatory activity
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A2
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A4
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76.3
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294.1998/294.1984 'H NMR(600 MHz, DMSO-d6)6 5.41(dd, J=13.0, 4.3 Hz, 1H), 4.23-4.18(m, 1H), 3.62(s, 1H), 3.44—
3.37(m, 3H), 3.14(dd, /=19.3, 4.4 Hz, 1H), 3.11-3.07(m, 1H), 3.06-2.99(m, 2H), 2.79-2.73(m, 2H),
2.64(dd, J=18.1, 10.0 Hz, 1H), 2.13(t, /~=15.3 Hz, 2H), 2.03(dd, J/=42.2, 12.1 Hz, 3H), 1.77(dd, J=24.1,
9.9 Hz, 4H), 1.67(t, J=14.9 Hz, 4H), 1.55(dd, J=15.9, 11.5 Hz, 1H). *C NMR(151 MHz, DMSO-d6)$
196.37, 62.94, 54.75, 54.57, 54.49, 48.81, 45.70, 44.70, 42.05, 33.55, 26.35, 26.08, 24.88, 23.42, 18.63,
18.05.

416.2166/416.2169 "H NMR (600 MHz, CDCl;)& 8.28(t, J=5.8 Hz, 1H), 7.77(d, J=7.9 Hz, 1H), 7.70(dd, J=9.5, 2.0 Hz, 1H),
7.39(td, J=8.0, 5.7 Hz, 1H), 7.17(td, J=8.3, 2.5 Hz, 1H), 5.80(dd, J=13.7, 4.4 Hz, 1H), 4.79(dd, J=17.6,
9.3 Hz, 1H), 3.64(dt, J=13.6, 5.6 Hz, 1H), 3.57(d, J=11.7 Hz, 1H), 3.53(d, J/=11.9 Hz, 1H), 3.46(t, J=13.6
Hz, 1H), 3.20(s, 1H), 3.13(dt, J=18.4, 2.8 Hz, 1H), 2.97(dd, J/=18.4, 5.1 Hz, 1H), 2.84(ddd, J=13.8, 11.1,
6.1 Hz, 1H), 2.75(t, J=12.8 Hz, 2H), 2.57(dd, J=10.4, 5.1 Hz, 1H), 2.34-2.23(m, 2H), 2.18(t, J=14.7 Hz,
H), 2.07(d, J=14.7 Hz, 1H), 1.94(d, J=14.1 Hz, 1H), 1.89-1.85(m, 1H), 1.81(td, J/=9.4, 4.5 Hz, 2H),
1.72(d, J=15.2 Hz, 1H), 1.61(dd, J=22.6, 12.2 Hz, 2H). *C NMR (151 MHz, CDCl;)8 199.37, 166.76,
162.81(d, J=246.7 Hz), 136.19(d, J=6.8 Hz), 130.10(d, J=7.8 Hz), 122.91, 118.46(d, J=21.3 Hz),
114.69(d, J=23.0 Hz), 64.82, 56.57, 56.42, 52.97, 48.34, 45.38, 42.13, 41.51, 33.84, 28.31, 27.94, 25.61,
24.36, 18.98, 18.49.

416.2166/416.2166 H NMR(600 MHz, CDCl,)8 8.23(t, J=5.7 Hz, 1H), 7.98(dd, J=8.8, 5.3 Hz, 2H), 7.09(t, J/=8.6 Hz, 2H),
5.79(dd, J/=13.7, 4.4 Hz, 1H), 4.76(dd, J/=17.4, 9.3 Hz, 1H), 3.61(dt, J=13.5, 5.8 Hz, 1H), 3.57(d, J=11.9
Hz, 1H), 3.53(d, J=11.5Hz, 1H), 3.45(t, J=13.6 Hz, 1H), 3.21(s, 1H), 3.13(d, J=2.5 Hz, 1H), 2.98(dd,
J=18.4,5.0 Hz, 1H), 2.90-2.84(m, 1H), 2.76(t, J=12.7 Hz, 2H), 2.55(dd, /=12.0, 7.1 Hz, 1H),
2.29-2.22(m, 2H), 2.17(dd, J=17.9, 14.2 Hz, 2H), 2.06(d, J=14.4 Hz, 1H), 1.96-1.91(m, 1H),
1.90-1.86(m, 1H), 1.84-1.79(m, 2H), 1.72(d, J=15.0 Hz, 1H), 1.65-1.59(m, 2H). *C NMR(151 MHz,
CDCl;)8 199.31, 167.48, 164.93(d, J=251.9 Hz), 129.82(d, J=8.7 Hz), 115.50(d, J=21.8 Hz), 64.84,
56.57,56.42, 53.02, 48.36, 45.37, 42.09, 41.59, 33.84, 28.30, 28.04, 25.58, 24.31, 18.98, 18.49.

432.1871/432.1900 'H NMR(600 MHz, CDCl;)$ 7.57(dd, J=7.5, 1.7 Hz, 1H), 7.38(d, J=6.6 Hz, 1H), 7.32(dt, /=16.2, 7.4 Hz,
3H), 5.71(d, J=9.2 Hz, 1H), 4.66(d, J=11.4 Hz, 1H), 3.65-3.49(m, 4H), 3.20(s, 1H), 3.11(d, J/=18.4 Hz,
1H), 3.07-3.01(m, 1H), 2.96(d, J=18.6 Hz, 1H), 2.69(t, J=12.8 Hz, 2H), 2.50(s, 1H), 2.24(d, J=11.6 Hz,
1H), 2.13(dd, J=34.0, 17.2 Hz, 4H), 1.91(d, J=13.9 Hz, 2H), 1.79(dd, J=21.9, 11.8 Hz, 3H), 1.71(d,
J=153 Hz, 1H), 1.61(t, J~14.4 Hz, 1H). "C NMR(151 MHz, CDCl;)5 198.84, 167.51, 135.31, 131.24,
130.58, 130.15, 129.75, 127.14, 64.90, 56.37, 56.20, 53.81, 48.80, 45.59, 42.52, 41.40, 34.03, 28.15, 27.97,
25.72,24.55,19.00, 18.52.

432.1871/432.1892 'H NMR(600 MHz, CDCl;)8 8.25(s, 1H), 7.96(s, 1H), 7.85(d, J=7.7 Hz, 1H), 7.45(d, /=8.0 Hz, 1H),
7.36(t, J=7.9 Hz, 1H), 5.79(dd, J=13.8, 4.3 Hz, 1H), 4.79(dd, J=17.1, 9.0 Hz, 1H), 3.65-3.60(m, 1H),
3.56(dd, J=20.0, 11.8 Hz, 2H), 3.47(t, J=13.5 Hz, 1H), 3.21(s, 1H), 3.12(d, J=18.3 Hz, 1H), 2.99(dd,
J=18.4,49 Hz, 1H), 2.91-2.85(m, 1H), 2.75(t, J=12.5 Hz, 2H), 2.56(d, J/=4.4 Hz, 1H), 2.27(t, J=11.4 Hz,
2H), 2.17(dd, J=13.3, 4.4 Hz, 2H), 2.06(d, J=14.4 Hz, 1H), 1.93(d, J=14.3 Hz, 1H), 1.88(d, J=11.0 Hz,
1H), 1.80(td, J=14.6, 4.5 Hz, 2H), 1.72(d, J=15.2 Hz, 1H), 1.64-1.59(m, 2H). *C NMR(151 MHz,
CDCl;)8 199.31, 166.92, 135.60, 134.71, 131.60, 129.83, 127.87, 125.38, 64.86, 56.56, 56.43, 53.05, 48.39,
45.39, 42.04, 41.66, 33.85, 28.29, 27.93, 25.61, 24.36, 18.98, 18.50.

432.1871/432.1898 'H NMR (600 MHz, CDCl;)$ 8.22(s, 1H), 7.90(d, J=8.5 Hz, 2H), 7.40(d, J=8.5 Hz, 2H), 5.80(dd, J=13.9,
4.4 Hz, 1H), 4.76(dd, J=17.7, 8.7 Hz, 1H), 3.61(dd, J=12.7, 7.2 Hz, 2H), 3.56(d, J=11.3 Hz, 1H), 3.46(t,

J=13.6 Hz, 1H), 3.22(s, 1H), 3.12(d, J=18.6 Hz, 1H), 2.99(dd, J=18.4, 5.1 Hz, 1H), 2.93(ddd, J=13.8,
10.8, 6.3 Hz, 1H), 2.76(t, J=12.7 Hz, 2H), 2.56(d, J=4.7 Hz, 1H), 2.30-2.22(m, 2H), 2.19-2.13(m, 2H),

2.06(s, 1H), 1.95(d, J=13.6 Hz, 1H), 1.90(d, J=11.5 Hz, 1H), 1.81(dd, J=10.4, 5.5 Hz, 2H), 1.73(d,

J=15.0 Hz, 1H), 1.67-1.61(m, 2H). *C NMR(151 MHz, CDCl;)& 199.37, 167.77, 138.15, 131.81, 128.91,

128.86, 65.01, 56.64, 56.50, 53.08, 48.39, 45.31, 42.04, 41.81, 33.85, 28.31, 27.95, 25.61, 24.35, 19.00,

18.52.
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ExD

Wk HR-MS(ESI)
et (o) [M+H]* LRGSR (5/ppm)
’ A/

A6 534  476.1366/476.1388 "H NMR(600 MHz, CDCl;)8 7.57(dd, /=8.0, 0.9 Hz, 1H), 7.47(dd, J=7.6, 1.6 Hz, 1H), 7.34(td, J=7.5, 1.0
Hz, 1H), 7.28-7.25(m, 2H), 5.71(dd, J=13.5, 4.5 Hz, 1H), 4.65-4.58(m, 1H), 3.59(dd, J=20.0, 8.6 Hz,
2H), 3.56-3.46(m, 2H), 3.22(s, 1H), 3.12(dd, J=18.4, 5.1 Hz, 1H), 3.08-3.04(m, 1H), 2.95(dd, J=18.3,

6.2 Hz, 1H), 2.71(dd, J=16.9, 8.8 Hz, 2H), 2.47(s, 1H), 2.25(d, J=8.4 Hz, 1H), 2.21-2.16(m, 1H),
2.11(q, J=12.2 Hz, 3H), 1.96-1.88(m, 2H), 1.83(ddd, J=13.7, 6.6, 3.0 Hz, 1H), 1.80-1.75(m, 2H),
1.72(d, J=15.3 Hz, 1H), 1.63(ddd, J=19.0, 10.2, 4.4 Hz, 1H). *C NMR(151 MHz, CDCl;)5 198.81,
168.76, 137.61, 133.32, 131.36, 129.30, 127.66, 119.22, 64.95, 56.40, 56.22, 53.85, 48.78, 45.61, 42.58,
41.31, 34.00, 28.18, 28.05, 25.66, 24.52, 18.99, 18.54.

A7 44.6 476.1366/476.1384 'H NMR(600 MHz, CDCl;)5 8.20(s, 1H), 8.09(s, 1H), 7.87(d, /=7.6 Hz, 1H), 7.62(d, J=7.8 Hz, 1H),
7.30(t,/=7.9 Hz, 1H), 5.78(dd, J=13.4, 3.7 Hz, 1H), 4.77(s, 1H), 3.58(dd, J=19.5, 10.7 Hz, 3H), 3.48(t,
J=13.5Hz, 1H), 3.23(s, 1H), 3.09(d, J=18.0 Hz, 1H), 3.03-2.98(m, 1H), 2.96-2.90(m, 1H), 2.76(s, 2H),
2.54(s, 1H), 2.29-2.23(m, 2H), 2.15(d, J=13.0 Hz, 2H), 2.06(d, J=14.5 Hz, 1H), 1.91(dd, J=22.6, 12.7
Hz, 2H), 1.82(d, J=14.2 Hz, 2H), 1.73(d, J=14.7 Hz, 1H), 1.67-1.61(m, 2H). *C NMR(151 MHz,
CDCl5)$ 167.14, 135.61, 134.69, 130.78, 130.15, 125.86, 122.79, 64.97, 56.59, 56.47, 53.14, 48.48, 45.44,
41.94, 41.87,33.86, 28.27,27.91, 25.62, 24.38, 18.99, 18.51.

A8 44.6 412.2417/412.2434 'HNMR(600 MHz, CDCl;)5 8.01(s, 1H), 7.73(s, 1H), 7.70(d, J=4.0 Hz, 1H), 7.31(d, J=4.6 Hz, 2H),
5.77(dd, J=13.8, 4.2 Hz, 1H), 4.74(s, 1H), 3.57(dd, J=17.0, 11.6 Hz, 3H), 3.49(t, J=13.5 Hz, 1H), 3.22(s,
1H), 3.06-2.94(m, 3H), 2.75(t, J=12.3 Hz, 2H), 2.53(s, 1H), 2.38(s, 3H), 2.28-2.19(m, 2H), 2.13(dd,
J=12.9, 6.9 Hz, 2H), 2.05(d, J=14.7 Hz, 1H), 1.91(t, J=15.0 Hz, 2H), 1.84-1.77(m, 2H), 1.65(ddd,
J=24.5,22.5,14.1 Hz, 3H). "C NMR(151 MHz, CDCl;)8 199.13, 169.11, 138.51, 133.39, 132.63, 128.51,
128.02, 124.39, 64.92, 56.53, 56.38, 53.35, 48.54, 45.48, 42.07, 41.79, 33.91, 28.17, 27.99, 25.61, 24.34,
21.26, 18.99, 18.50.

A9 729 443.2111/4432139 'H NMR(600 MHz, CDCl;)8 8.79(t, J=1.7 Hz, 1H), 8.62(t, J=5.8 Hz, 1H), 8.33-8.29(m, 2H), 7.60(t,
J=8.0 Hz, 1H), 5.80(dd, J=13.7, 4.5 Hz, 1H), 4.76(dd, J=17.3, 9.7 Hz, 1H), 3.68-3.63(m, 1H),

3.60-3.53(m, 2H), 3.44(t, J=13.6 Hz, 1H), 3.24(s, 1H), 3.14(d, J=18.4 Hz, 1H), 2.98(dd, J=18.4, 5.1 Hz,
1H), 2.92(ddd, J=13.8, 10.9, 6.1 Hz, 1H), 2.81-2.75(m, 2H), 2.56(d, J=5.1 Hz, 1H), 2.33-2.23(m, 2H),

2.22-2.12(m, 2H), 2.08(d, /=14.1 Hz, 1H), 1.92(t, J/=15.5 Hz, 2H), 1.85-1.80(m, 2H), 1.74(d, J/=14.8 Hz,
1H), 1.67-1.61(m, 2H). *C NMR (151 MHz, CDCl;)8 199.38, 166.00, 148.32, 135.64, 133.36, 129.71,
126.01, 122.74, 64.84, 56.60, 56.47, 52.95, 48.32, 45.27, 42.08, 41.58, 33.80, 28.45, 27.99, 25.56, 24.31,

18.97, 18.48.

A10 409 443.2111/443.2130 'H NMR(600 MHz, CDCl;)3 8.59(s, 1H), 8.28-8.25(m, 2H), 8.20-8.18(m, 2H), 5.83(dd, J=13.8, 4.4 Hz,
1H), 4.84(dd, J=16.8, 10.1 Hz, 1H), 3.70(dt, J=13.7, 5.7 Hz, 1H), 3.56(dd, J=26.9, 11.8 Hz, 2H), 3.46(t,
J=13.5Hz, 1H), 3.24-3.18(m, 2H), 2.97(dd, J=18.4, 5.0 Hz, 1H), 2.88(ddd, /=13.9, 11.5, 6.0 Hz, 1H),
2.78(s, 2H), 2.61(s, 1H), 2.31-2.26(m, 2H), 2.20(dd, J=22.6, 10.4 Hz, 2H), 2.09(d, /=14.2 Hz, 1H),
1.97(d, J=14.0 Hz, 1H), 1.85(ddd, J=16.1, 11.5, 5.0 Hz, 3H), 1.74(d, J=14.8 Hz, 1H), 1.67-1.58(m, 2H).
3C NMR(151 MHz, CDCl;)8 199.43, 166.28, 149.73, 139.20, 128.77, 123.69, 64.94, 56.63, 56.54, 52.78,
48.26,45.29,42.27,41.52,33.77, 28.42, 27.92, 25.58, 24.32, 18.98, 18.52.

All 50.7 454.2887/454.2937  'HNMR(600 MHz, CDCl;)& 8.00(t, J=5.5 Hz, 1H), 7.84(d, /=8.2 Hz, 2H), 7.23(d, J/=8.2 Hz, 2H),
5.77(dd, J=13.7, 4.4 Hz, 1H), 4.75(dd, J=18.1, 7.5 Hz, 1H), 3.60-3.54(m, 3H), 3.50(t, J=13.5 Hz, 1H),
3.21(s, 1H), 3.08-2.93(m, 3H), 2.75(t, J=12.4 Hz, 2H), 2.65-2.62(m, 2H), 2.54(d, J=4.4 Hz, 1H),
2.22(dd, J=30.6, 14.0 Hz, 2H), 2.18-2.10(m, 2H), 2.05(d, J=14.9 Hz, 1H), 1.91(t, J/=16.3 Hz, 2H),
1.84-1.77(m, 2H), 1.73-1.64(m, 2H), 1.60(dq, J=15.3, 7.7 Hz, 3H), 1.38-1.30(m, 2H), 0.92(t, J=7.4 Hz,
3H). BC NMR(151 MHz, CDCl;)3 199.22, 168.75, 147.33, 130.75, 128.66, 127.36, 64.91, 56.52, 56.38,
53.32, 48.50, 45.46, 41.99, 41.78, 35.56, 33.89, 33.31, 28.17, 27.98, 25.61, 24.35, 22.33, 18.99, 18.51,
13.91.

Al2 58.8  454.2887/454.2908  'H NMR(600 MHz, CDCl;)$ 8.02(t, J=5.5 Hz, 1H), 7.88(d, J=8.4 Hz, 2H), 7.45(d, J=8.4 Hz, 2H),
5.79(dd, J=13.7, 4.4 Hz, 1H), 4.76(dd, J=18.4, 7.7 Hz, 1H), 3.61-3.55(m, 3H), 3.50(t, /=13.4 Hz, 1H),
3.21(s, 1H), 3.08(d, J/=18.8 Hz, 1H), 3.01(dd, J=18.4, 4.9 Hz, 1H), 2.93(ddd, J=13.8, 10.5, 6.1 Hz, 1H),
2.74(t,J=12.6 Hz, 2H), 2.56(dd, J=9.6, 4.8 Hz, 1H), 2.28-2.13(m, 4H), 2.05(d, J=14.7 Hz, 1H), 1.91(dd,
J=26.8, 12.8 Hz, 2H), 1.80(ddd, J=14.0, 9.4, 4.3 Hz, 2H), 1.71(d, J=15.1 Hz, 1H), 1.66-1.57(m, 2H),
1.32(s, 9H). *C NMR (151 MHz, CDCl;)8 199.32, 168.54, 155.37, 130.56, 127.20, 125.56, 64.93, 56.53,
56.40, 53.25, 48.47, 45.45, 41.89, 41.85, 34.98, 33.88, 31.18, 28.18, 27.95, 25.63, 24.38, 18.99, 18.53.

Al3 69.5 423.2213/423.2241 'HNMR(600 MHz, CDCl;)$ 8.54(t, /=5.8 Hz, 1H), 8.32(s, 1H), 8.24(d, /=8.0 Hz, 1H), 7.76(d, J=7.7
Hz, 1H), 7.55(t, J=7.8 Hz, 1H), 5.81(dd, J=13.7, 4.5 Hz, 1H), 4.79(dd, J=17.0, 9.8 Hz, 1H), 3.69-3.64(m,
1H), 3.55(dd, J=22.9, 11.4 Hz, 2H), 3.44(t, J=13.6 Hz, 1H), 3.23(s, 1H), 3.15(d, J=18.4 Hz, 1H),

2.98(dd, J=18.4,5.0 Hz, 1H), 2.90-2.83(m, 1H), 2.78(s, 2H), 2.56(d, J=5.2 Hz, 1H), 2.29(t, J=13.5 Hz,

2H), 2.23-2.14(m, 2H), 2.08(d, J=14.5 Hz, 1H), 1.95(d, J=14.1 Hz, 1H), 1.90(d, J=11.0 Hz, 1H),
1.83(ddd, /=14.3,9.7, 4.6 Hz, 2H), 1.75(d, J=15.1 Hz, 1H), 1.64(dt, /=19.4, 6.9 Hz, 2H). *C NMR(151

MHz, CDCl;)8 199.30, 166.10, 135.00, 134.72, 131.72, 131.45, 129.46, 118.20, 112.80, 64.85, 56.61,

56.48,52.91,48.31, 45.30, 42.17, 41.53, 33.80, 28.34, 28.01, 25.57, 24.29, 18.97, 18.50.

Al4 740 4232213/4232242  '"HNMR(600 MHz, CDCl;)6 8.57(t, J=5.7 Hz, 1H), 8.12(d, J=8.4 Hz, 2H), 7.71(d, J=8.5 Hz, 2H),
5.82(dd, J/=13.8, 4.4 Hz, 1H), 4.79(dd, J=17.0, 10.3 Hz, 1H), 3.71-3.66(m, 1H), 3.56(d, J=11.7 Hz, 1H),
3.51(d, /~11.9 Hz, 1H), 3.41(t, J=13.6 Hz, 1H), 3.24-3.15(m, 2H), 2.95(dd, /~18.4, 5.1 Hz, 1H),
2.82(ddd, J=25.2, 14.4, 8.7 Hz, 3H), 2.58(s, 1H), 2.29(dd, /=28.5, 14.4 Hz, 2H), 2.24-2.13(m, 2H),
2.07(d, J=14.5 Hz, 1H), 1.95(d, J=14.2 Hz, 1H), 1.90-1.79(m, 3H), 1.73(d, J=14.8 Hz, 1H),
1.66-1.56(m, 2H). *C NMR(151 MHz, CDCl;)$ 199.34, 166.36, 137.67, 132.30, 128.20, 118.27, 114.95,
64.81, 56.61, 56.47, 52.74, 48.21, 45.27, 42.30, 41.38, 33.76, 28.37, 27.98, 25.55, 24.27, 18.96, 18.49.
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B A 150 pl PBS, 25 420 il A 100 pl DMEM(F%
10%FBS ), X FEZH FISZEGH T 100 pl 41 A
(2x10° 4~/ml), ¥ 96 FLAR & T CO, ¥5 =461, 4
37 C. 5% CO, 5144 FH55% 14 ho BEFREHE, W
oS L X RE AL RS 20 B 5 3R 3, 45 L 4LRT
HRAL A 100 pl DMEM(% 10%FBS), SZ 541 4541
3 A 100 pl ¥ B R 3,125, 6.25. 12.5, 25 FlI
50 pmol/L 5 Z:ATT A= W v, 4 96 FLAR H8
T CO, Hi 2 M 555 24 ho WEFR4% 40 1 R 58,
L A 100 pl B il 4F /) CCKS8 % # (CCKS :
DMEM=1 : 10), ¥ 96 LA A CO, K7 7748 15
7% 2 he WEF G, FHEARAE 450 nm K TR
WA FLI G BE, T A ig ). AR Sk
S A ANEAL HFEE SR 3 IR,

o SEURROREE — 3 (IO
WA O8) = S T — 72 Pt
322 WEWATAYIRT LPS S RAW264.7 41
Ji S AERE I Fp NO BRI 14 5 1)

YA A RORES R4 FLALF XA K s,
ML BRI BE R 2x10° ~/ml, 7E 96 FLAR 1) S M
JIA 150 pl PBS, %5 A4 X HEZH FNSE B0 2 7 im A
100 pl 21 M B, B 96 fLAR & T CO, 53246,
1E 37°C. 5% CO, 51 FHE3% 14 he WF2 A4,
AT 2 RS 6 21 1 4 3R 3, 28 AL RIS R 2 i A
100 pl DMEM(5 10%FBS), 525 26 fin A 100 pl
12.5 pmol/L I Z AT LE W), 75 CO, HiFi 48 h ik
F5 4 h, BRI FISZES ZH S A 2 pl LPS(5 ng/ul),
16 CO, Fi 4R 1 3% 14 ho BALWLH 50 pl b3
W, INEGH 96 FLAR T, A 50 pl Griess Reagent |
F1 50 pl Griess Reagent 11, it FH i {SORS: I 7 2
A YIAE 540 nm 2O EE, 7155 NO % & .
ST 4 NEAFL, BRI 3 K.

. KA NO & &

mwmﬂmﬁmh@_%ﬁﬁﬁagé

323 WA YIRT LPS S RAW264.7 41
i S SEAR IR rp TL-6 R A0 50

YA OIRAS R4 HAL T XA A IR,
20 L BV B R 2x10° A~/ml, 7E 96 FLAR 11 A M
JINA 150 pl PBS, =5 4, X RE L RN SE 56 2 ¥ hm A
100 pl 21 M B, B 96 fLAR & T CO, 53246,
1E 37°C. 5% CO, M FREFR 14 he WFE2s 14 .
RS 20 RN S B0 20 A G 3R 5, &5 T AR AL 4 A
100 ul DMEM( 10% FBS), 528 4H fin A 100 pl
12.5 pmol/L & Z AT AW, 75 CO, B5 I H 5
F% 4 ho BRI RISZER AN A 1 ul LPS(2.5 ng/ul),

x100%

)x 100%

TE CO, B R TP B 3% 14 ho EE BIE TR, —20C
TRAF, W4 Elisa %577 & U B B A I 1L-6 i & .
BT 4 NEAL, EE LK 3 K.

o e SEU A IL-675 &

mﬁmwmﬁmh@_%gﬁﬁzgg

3.2.4 BN LPS 551 RAW264.7 4
Jif A& SEAR IR rf TNF-a0 BB 5200

G e A ROR A R A HLAL T X RO 1 R,
Y B B R 2% 10° A~/ml, 7 96 FLAR 1) e o1 Pl
JIIA 150 pl PBS, 75 (141, X REZH A5G 20 3 m A
100 pl 20 B, K 96 fLAR B T CO, Ki 3746 1,
1E 37°C. 5% CO, 51 FH53% 14 he WF2 A4,
TR 2 RS 6 2 ) 3 R A, 28 A RIS AL 4 A
100 pl DMEM(% 10%FBS), 52 56 41 il A 100 pl
12.5 pmol/L W% ZH AT A=), 78 CO, ¥ 7247 Hh b
F% 4 ho BEAVA FISZUZH AN A 2 pl LPS(5 ng/ul),
1E CO, B R A s 9% 14 ho W FIE R, —20°C
TRAF, R 4% ELISA 57 & 1t B 454501 TNF-o 19 55
o M 4 MEAL, HE S 3 IR,

. S U] TNF-a & &
SRS (%) = [ 1 —

x 100%

)x 100%

4 SLIGLER

4.1 ERBATAEY T RAW 264.7 89 2 o Pk 45 R
S

TSI A T RAW264.7 21 it 1) 20 it 7574
SRR 2 FoR . MREESH 50 pmol/L B, M19 H4H
WA 15 R My (52.87+0.41) %, HIRIAR VI (K40 07715
FA(95.19£0.59) % IS 00407 A= 1 0 41 A7
WRBIE T M1, ISR T B EUGE, w3
BRATAE Wk SR 12.5 umol/L B, FIr A A1 A5 9 ) 41
AT R 1>90%, FLifk BEIE H, Bk $E 12.5 pmol/L
WA THUR WG TR SR -
42  ERBITAEMIT LPS 5549 RAW264.7 28 fe
) NO A %5 7R

AEE W% NO Bl i il 1 Bk, L NO 1)
SR A, TR TG PR 2 . e 3 B T A,
TSR NO #4138 A (40.95+0.73) %, 1 M19 [
NO Hl#]34 (64.39+0.66) %, LA VIF) NO #i]
N (55.9320.75) %, X 4625 K B, 7E 35 S 0
15 (5] ABREFEA | 13 (75 AZUR T HENS 2 1
SRPLARTEPE

GHT AR, BB S AT A Y 1 NO Hl
%0 (50.47+0.40) % ~ (72.70+0.58)%, ¥ T %
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£2 EESWRELTEDX RAW264.7 IS RAEER (%, n=3)

R (umol/L)

e
3.12 6.25 12.5 25 50

e 99.42+0.19 97.24+0.42 96.29+0.59 94.24+0.28 89.13+0.06
MI19 94.09+0.57 92.76+0.41 90.74+0.20 80.66+0.38 52.87+0.41
VI 98.10+1.04 97.25+0.78 96.73+0.61 96.29+0.92 95.19+0.59
Al 99.50+0.23 98.71+0.46 96.21+£0.93 94.19+0.45 91.85+0.76
A2 99.60+0.21 98.81+0.54 96.71£0.51 93.78+1.18 90.77+0.81
A3 98.89+0.77 96.84+0.86 93.96+0.59 93.20+0.46 90.52+1.07
A4 99.84+0.16 98.69+0.38 97.59+0.92 95.59+1.19 94.35+0.81
A5 99.64+0.28 98.73£0.25 97.73+£0.93 94.52+0.53 90.92+0.71
A6 98.75+0.86 95.81+0.61 92.74+0.28 88.37+1.23 83.62+0.52
A7 96.01+1.04 94.42+0.47 92.40+0.37 83.15+0.47 68.15+0.82
A8 95.93+0.75 94.49+0.96 92.97+1.18 83.94+1.21 76.86+0.72
A9 99.40+0.16 94.93+0.30 92.33+0.23 88.89+0.39 75.29+0.57
Al0 99.20+0.27 96.31+0.57 94.89+0.29 86.78+1.22 80.82+1.23
All 97.87+0.22 95.87+0.70 92.81+0.29 86.60+0.61 55.31+0.84
Al2 97.88+0.44 94.68+0.59 91.92+0.46 83.68+0.39 76.95+0.74
Al3 97.57+0.54 95.36+1.21 94.95+0.53 83.86+0.66 81.46+0.33
Al4 95.59+0.70 94.76+0.64 92.90+0.57 82.33+0.73 78.85+0.66

£33 ESWEATEWIE 12.5 pmol/L TXT LPS iFSHY
RAW264.7 4BAE NO FEBISNE (n=3)

x4 ESELTEWIE 12.5 pmol/L FXT LPS iFSHY
RAW264.7 28R TL-6 1 TNF-o BRAAIELNE (n=3)

HEH) NOFMH# (%) wEY NOIHI# (%) HEY IL-6 30 H1% (%) TNF-o fi 1 #(%)
WA 40.95+0.73 A7 57.33+0.53" MI9 59.77%0.39 49.57+0.92
M19 64.39+0.66" A8 55.140.34" A6 63.18+0.48™ 56.741.02"
VI 55.93+0.75" A9 58.92:+0.10"" Al0 69.84+0.327" 52.241.36°
Al 56.62+0.73" Al0 69.40+0.28™ All 86.21+0.51"" 55.46+0.617"
A2 57.13£0.25" All 67.50+0.44" Al2 86.64+0.33™" 71.24£1.25™
i
A3 60.010.53 Al12 72.70+0.58 “P<0.05. " P<0.001, 55 M19 4%,
Ad 61.270.24" Al3 61.310.36"
Hih it ~ S e gy \ SN P e e
AS. GO AL 6362037 DRAGHT AR, W BT — A5 TR 4 i ¢
A6 67.22+0.99

“P<0.01, ™" P<0.001, 5MI19LLES; *#P<0.001, 5TSW LA .

fis [(40.95+0.73)%]. L& H A6[(67.22+0.99)%)].
A10[(69.40+0.28)%]. Al11[(67.50+0.44)%]. Al12
[(72.70+0.58)%] ) NO #I ] R H = #3F T M19,
JEHIEAL G A12 R B B %) NO #0434 o
X —ZE R R, A B A S5 R, BT S R
TSI YT R SR
43 FHRBAT AT LPS iF 549 RAW264.7 tajie
# IL-6 F= TNF-o B389 % @

A4 WXt TL-6 Fi TNF-o 6 55 1 40 61 VB FH
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