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Chemical constituents of peptides from Selaginella prostrata
and their neuroprotective activity

HE Fu-lin' ,HE Xi',LYU Jing-kun’ ,XIE Yi',CHEN Xiao-ming' >

"'School of Chemistry and Bioengineering , Hunan University of Science and Engineering
?Hunan Provincial Engineering Research Center for Ginkgo Folium ,Hunan University of Science and Engineering;

* Hunan HENGWEI Pharmaceutical Co. ,Lid. ,Yongzhou 425100 , China

Abstract ; The peptide chemical constituents and neuroprotective activity in the whole herb of Selaginella prostrata were inves-
tigated. Thin-layer in situ chemical reaction oriented separation method based on ninhydrin reagent color development was
used to separate and purify the compounds by positive and reversed phase silica gel column chromatography and high perform-
ance liquid chromatography. The structures of the compounds were identified by spectral data analysis and literature compari-
son. Fifteen peptides compounds were isolated from 95% ethanol extract of whole herb of S. prostrata. They were identified as
pulvpeptin A (1) ,nocardiotide A (2) ,dianthin C (3) ,longicalycinin A (4) ,aurentiamide (5) ,aurantiamide acetate (6) ,
cyclo-( L-Tyr-L-Pro) (7) ,cyclo-( L-Hyp-L-Leu) (8) ,cyclo-( L-Leu-L-Ile) (9),cyclo-( L-Pro-L-Phe) (10) ,cyclo-( L-Val-
L-Pro) (11), cyclo-( L-Pro-L-Leu) (12), cyclo-( L-Pro-L-Ile) (13), cyclo-( L-Val-L-Phe) (14), cyclo-( L-Val-L-Val)
(15). All the compounds were isolated from S. prostrata for the first time. Moreover, compounds 2-4 and 7-15 were isolated
from Selaginella genus for the first time. SH-SY5Y cell damage model induced by H,0, was established by cell culture in
vitro. The neuroprotective activity of the isolated compounds was evaluated by MTT assay. Compounds 5,6 and 8 were showed
good neuroprotective activity at the concentration of 50 pwmol/L. This study provided a theoretical basis for the research on the

exploitation and utilization of S. prostrata.
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AR AT AL A A BR A 7)) 5 ODS SORH A (538 Ak it
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Healthcare ) ; 1F AHAE €0,35% ik i FAE S GF s, 18 )2 R
(F B L TARAR) o

G4 I VG A1 DMEM K 37 it (41t %5 2391583

8123131, 24 [# Fisher Scientific 23 #]) 3 K M4 A 22
E (%5 2208215, 4l & 98% , 3& [F] MedChem Express
AT b AR SR O AR (it S D143932
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AT 2021 427 ARAPEEERRE,
LA R 2 B 2 21 F B B 2 8 NGB RHE R
THY) #2540 Selaginella prostrata B4 EE, FEHEFR 7R
(2021-PS-0701) fiA7 T B HRA TREHARBFE
Lo
1.3 SWHE
1.3.1 RRE55

B AR 1 425 10 kg Bk, 1] 95% £ 1 1w
TR 3 W, BRIR 3 h, 2 BT 2 U TR 4 15 R R
1.2 kg, B8 TINAGE EKEE, FRKKH &AW
B LR CTRANIE T BEA 0, Horh, 1R C TR AL
(426 g) & Ak AL AT 70 B, LA 50 Y e H i
(100: 1-5: 1) BREEVERL , 28 TLC Kl A Jf, 2155 9
DS (Frl ~Fr9) . BuUb & Frl ~ Fr9 28 04 Sk
TR RN O, 5 R B s 41 43 FrS (T i Af
TEH BRI Ir . 2053 Fi5(23.8 g) 48 ODS A2 Hr7
B A EE-K (1:4—1:0) B EEVENL, 15321 8 4410
(Fr5.1 ~Fr5.8), #H4%r Fi5.3 (2.6 g) % Sephadex
LH-20 BERH: (I EE) 2ifb /5153 6 N2 5 (Frs. 3. 1
~Fr5.3.6) , 20> Fr5.3.2(243.2 mg) i@ i 2l &
HPLC( ZJiE-7K ,30:70,2. 0 mL/min) 4lifk. 15 21k &
P1(6.5 mg,t; =25.6 min) f12(8.2 mg,t, =28.3
min) . 414} Fr5.3.4(68.9 mg) i i # 45§ 15 2] 4L
AW 11(25.5 mg) ., 445 Fr5.3.5(184.8 mg) i i
K14 HPLC ( FHfiE-7K ,35:65,2. 0 mL/min) 2fi{k15
FMLEY14(11. 0 mg,t;, =36.7 min) Ff115(4. 8 mg,
ty =42.2 min) , ZH4% F15.6(3.2 g) LA ENT,
PSP - F e (802 132 1) BBV, 4521 10 4>
Hr (Fi5.6.1 ~ Fi5.6.10), ZH 4> Fi5.6.5(95.6
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mg) i i > il 45 HPLC ( £ fif-/K, 55 45,2.0 mL/
min) ZifLIF 2L A8 5(12.6 mg, iy =32.5 min) Fl
6(9.8 mg,t;, =27.8 min), 4% Fr5.6.7 (115.8
mg) i i7f > il #& HPLC ( & fiE-7K,45:55,2.0 mL/
min ) ZEAFF EIML5H) 7 (6. 2 mg, 1y =33.8 min) , 20
53 Fr7(5.5 g) R H] ODS J AHAE #4743 85, fd FH
fig-7K (302 70 —100: 0 ) 46 J& P, 153 6 4> 2H 43
(Fr7.1 ~Fr7.6) . 2045 Fr7.2(359. 4 mg) ] Sepha-
dex LH-20 43 &5, 2 B B % JBd, 15 31 4 4> 4 453
(Fr7.2.1 ~Fr7.2.4) , H43 Fr7.2.2(94. 7 mg) il it
et 44 HPLC ( HJiE-7K ,30:70,2. 0 mL/min ) 13 54k
EW8(5.2 mg,ty =24.2 min) f1 13 (8.1 mg, 1, =
38.9 min) o 414> Fr7.3(522.8 mg) ZRER A4 5,
FHAT IS - 2R TR (500 1530 1) BREE VRN, 1551 4
A5 (Fr7.3.1 ~Fr7.3.4) . F17.3.2(168.5 mg)
2% Sephadex LH-20 ( H i) 2lifb 15 24k 54 9 (17. 2
mg) A1 10 (7.7 mg) ., 4 4; Fr7.4(615.6 mg) £
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J&i 38 o 2 il & HPLC (4 iE-7K, 351 65,2.0 mL/
min ) {54 #4L 59 12(6. 7 mg,t, =33.9 min) ,
1.3.2 % ERAEAF R
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KA MTT 0 kb5 1 ~ 15 (A =
97% ) g p 25 5 BEE Y. SH-SYSY 4f Jifg LA
DMEM 355235 DL 10% $A K G A 135 A 1% 425
RE-HER T 37 C 5L CO, WK Ry 5% 1 40 i s
FRPR I, wHEHECE R AL, 1.2 x 10*
A/ SR BB FP T 96 FLA (5541 100 pL) #5357
24 h J5H 50 pmol/L Wb AW aliK LR E

(FHMEXTIE) Zb 3 1T b, PR 400 pmol/L (¥ H,0,,
b3 4 h JEAA 20 wL () MTT %3 (5 mg/mL) , %%
JETE 37 CHAMTME 4 ho BRESEFWG, mifl
A 150 L {19 DMSO ¥ f# i) H B R A, I b
ASG & 490 nm b & LB WG . AN AETE R =
55 3 I R SPSS B4t AT 07 25500 , 4 R LA 3
i = bRifEE (x =5) o
2 HBRE5HH
2.1 HMEE

wEW1 HEIEIEHK; HR-ESI-MS: m/z
869.426 8 [M + Na]* (%5 { C,, Hy Ny O,Na,
869.428 0), 4 T3t C,, Hy N,y 0,.'H NMR ( 600
MHz,C,D;N)8:12.26 (1H,br s,10-NH) ,8. 54 (1H,
d,J =9.6 Hz,39-NH) ,8.32(1H,br s,37-NH) ,8. 06
(1H,s,42-NH,),8.03(1H,d,J =6.0 Hz,2-NH),
7.82(1H,d,J =6.0 Hz, H6),7.69 ( 1H, s, 42-
NH,),7.66(1H,d,J =6.0 Hz,H-7),7.55(1H, br
s,H-11),7.41(1H,t,] =7.2 Hz,H-8),7.37(1H,
d,J =7.2 Hz,23-NH),7.28(1H,brs,31-NH) ,7. 27
(1H,m,H9),5.33(1H,dd,J =9.6,1.2 Hz, H-
31),5.26 (1H, dt,J =9.6,4.2 Hz, H-39),5.12
(1H,q,J] =5.4 Hz,H2),4.85(1H,dd,J =9.0,
4.2 Hz,H26),4.61(1H,t,J =7.8 Hz,H-13) ,4.58
(1H,dd,J =17.4,6.0 Hz,H-37a) ,4.40 (1H,dd, J
=10.8,7.8 Hz, H-18),4.25(1H, m, H-23),3.86
(1H,m,H-16a) ,3.82(1H,dd,J =17.4,6.0 Hz, H-
37b),3.70(1H,dd,J =15.0,4.8 Hz, H-3a),3. 66
(1H,m,H-21a),3.62(1H,dd,J =15.0,4.8 Hz, H-
3b),3.38 (1H, m, H29a),3.32 (1H, m, H21b)
3.31(1H, m, H-16b),3.21 (1H, m, H-29b) , 3. 03
(1H,m,H-40a),2.71 (2H, m,H41) ,2.66 (1H,m,
H40b) ,2.33(1H,m,H-14a),2. 17(1H,m,H-19a)
2.08 (2H, overlapped, H-15a, H-27a) ,1.99 (1H, m,
H-27b),1.92(1H,m,H-14b) ,1. 91 (2H, overlapped ,
H-19b,H-20a) ,1.88 (1H, m, H-15b), 1. 78 (2H, o-
verlapped , H-20b, H-28a) , 1. 69 (2H, overlapped , H-
28b,H-32),1.34 (1H, m, H-33a),1.28 (1H, m, H-
33b),1.26(3H,d,J =3.6 Hz,H-24),1.12(3H,d,J
=6.6 Hz,H35),0.76 (3H,t,] =7.2 Hz,H34);
“C NMR (150 MHz,C,D,N)§:172.7(C-1) ,57.7(C-
2),26.2(C-3),109.9(C4),128.8(C-5),118.4(C-
6),113.2(C-7),122.8(C-8),120.9(C-9),138.0
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(C-10),125.4(C-11),175.9(C-12),64.3(C-13),
30.5(C-14),25.9(C-15),48.0(C-16),170.6 ( C-
17),65.7(C-18),27.1(C-19),25.6(C-20) ,47.7
(C-21),172.8(C-22),47.6(C-23),17.2(C-24),
171.4(C-25),62.5(C-26),29.6 (C-27),25.7 (C-
28),46.8(C-29),173.0(C-30),55.6(C-31),28.6
(C-32),23.8(C-33),11.9(C-34),17.0(C-35),
169.8(C-36) ,44.6(C-37),173.5(C-38),53.7(C-
39),28.8(C40),34.0(C41),175.5(C42), DI I
Blin 5 Scmk' S Wl AR — B i E A 1 N
pulvpeptin A,

wE™Wm?2 REOICEL KK ; HR-ESI-MS :m/
2791.423 8 [ M + Na|* (i} {H C,, Hy, N;ONa,
791.4215) , /015 C,,H Ny O, .' H NMR (600 MHz,
CD,0D)6:7.56 (1H,d,J =7.8 Hz, H-12),7.46
(1H,d,J =7.8 Hz,H-37),7.23(1H,d,J =7.8 Hz,
H40),7.18(1H,d,J =7.8 Hz,H-15),7.04(1H,s,
H-17),6.99 (1H, m, H-39),6.97 (1H, s, H42) ,
6.95(1H,m,H-14),6.91 (1H,m,H-38) ,6. 88 (1H,
m,H-13) ,4.38(1H,dd,J =9.6,3.6 Hz,H-8) ,4.32
(1H,q,J =7.2 Hz,H-19) ,4.23(1H,d,J =7.8 Hz,
H-22),4.21(1H,d,J =4.8 Hz,H-2),3.82(1H,¢t,J
=7.2 Hz,H-27),3.36 (1H,t,J =7.8 Hz,H-33),
3.30(1H,dd,J =15.0,3.6 Hz,H9a),3.06 (1H,
dd,J =15.0,9.6 Hz,H9b),2.83(2H,td,J =8.4,
1.2 Hz,H-34),2.02(1H,m,H-3),1.98 (1H, m, H-
23),1.63(1H,m,H-29),1.60(2H,m,H-28) ,1. 29
(2H,m,H4) ,1.18(3H,d,J =7.2 Hz,H-20),0. 94
(3H,d,J =6.6 Hz,H-31),0.93(3H,d,/ =6.6 Hz,
H-30),0.91(3H,d,J =6.6 Hz,H-25),0.89(3H,d,
J =6.6 Hz,H-24) ,0.86(3H,t,J/ =7.2 Hz,H-5),
0.85(3H,d,J =7.2 Hz,H-6) ;" C NMR(150 MHz,
CD,0D) 6:173.5(C-1),59.0(C-2),37.0(C-3),
27.5(C4),14.8(C-5),12.2(C-6),179.1(C-7),
56.9(C-8),29.2(C9),112.3(C-10),128.9 ( C-
11),119.6 (C-12),119.5(C-13),122.1 (C-14),
112.1(C-15),138.0 (C-16),124.7 (C-17),173.9
(C-18),49.8(C-19),18.2(C-20),175.3(C-21),
60.8(C-22),31.8(C-23),19.8(C-24),19.0(C-
25),171.6(C-26),53.0(C-27),42.0(C-28),25.7
(C-29),22.6(C-30),22.9(C-31),173.3(C-32),
41.6(C-33),26.2(C-34),113.3(C-35),128.9(C-
36),119.2 (C-37),119.4 (C-38),122.3(C-39),

112.2(C40),138.8(C41),123.4(C42), DL %k
355 S0k HRaE AR — 5, MO E LAY 2 no-
cardiotide A,

HE™Wm3 IR OIE LKA ; HR-ESI-MS . m/
2699.345 2[M + Na|* (i} {H C, Hyi NO,Na,
699.347 7) , 13 CyHgN, O, ' H NMR (600 MHz,
C;D;N)5:10.06(1H,br d,J =1.8 Hz,2-NH) ,9.42
(1H,d,J =8.4 Hz,29-NH) ,9.18 (1H,t,J =4.8
Hz,22-NH) ,8.97(1H,d,J =6.6 Hz,16-NH) ,7. 58
(1H,d,J =9.0 Hz,11-NH) ,7. 11 ~7.36(5H,m, H-
32,H-33,H-34,H-35,H-36),6.99 (2H,d,J =8.4
Hz,H-5,H9),6.90(2H,d,J =8.4 Hz,H-6,H-8),
5.31(1H,m,H-29) ,4.92(1H,t,/ =9.0 Hz,H-11),
4.75(1H,m,H-2),4.69(1H,dd,J =13.8,7.2 Hz,
H-22a) ,4.62(1H,t,J =6.6 Hz,H-16),3.92(1H,
d,J =7.8 Hz,H-24),3.75(1H,dd,J =12.0,5.4
Hz,H-30a),3.56 (1H, m, H-27a) ,3.45(1H, m, H-
22b),3.44 (1H,t,J =12.6 Hz,H-3a),3.35(1H,
dd,J =12.0,3.6 Hz,H-30b),3.33(1H,m,H-27b),
3.02(1H,dd,J =12.6,10.2 Hz,H-3b) ,2.41(1H,
m,H-12),2.30 (2H, m, H-18) ,2.23 (1H,dd, J =
11.4,6.0 Hz, H-25a),2.11 (1H, m, H-17),1.25
(3H,d,J =6.6 Hz, H-14),1.23 (2H, m, H-26) ,
1.13(3H,d,J =6.6 Hz,H-20),1.10(3H,d,J =
6.6 Hz,H-13),1.02(1H,m,H-25b) ,0.85(3H,t,J
=7.2 Hz, H-19);"” C NMR (150 MHz, C;D,N) §:
171.0(C-1),55.1(C-2),37.8(C-3),126.2(C4),
131.2(C-5),116.5(C-6),158.2(C-7),116.5 (C-
8),131.2(C9),173.2(C-10),58.4 (C-11),31.8
(C-12),19.2(C-13),19.3(C-14),172.2(C-15),
61.5(C-16),36.4(C-17),25.6 (C-18),11.5(C-
19),16.2(C-20),171.0(C21) ,44.4(C-22),172.5
(C-23),61.9(C-24),30.0(C-25),21.8(C-26),
46.7(C-27),171.6 (C-28),55.5(C-29),38.4(C-
30),139.0 (C-31),129.7 (C-32),128.8 ( C-33),
126.8(C-34),128.8(C-35),129.7(C-36) ., LI %k
B 5 30k e A — 2 SO ER A 3 di-
anthin C,

HEWA IR OTCEIL AR ; HR-ESI-MS : m/
2634.264 8 [ M + Na] " (I3 {H C,, Hy, NyO(Na,
634.263 6) , /1= C,,H,,N,O, .'H NMR (600 MHz,
C;D;N)6:10.91 (1H,d,J =7.2 Hz,27-NH) , 8. 54
(1H,br s,4-NH) ,8.45(1H,d,J =9.6 Hz,18-NH) ,
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8.30(1H,d,J=9.0 Hz,2-NH) ,7.58(2H,d,J =8.4
Hz,H-21,H-25),7.35(2H,d,J =8.4 Hz, H-22, H-
24),7.02 ~7.42 (10H, m, H-7, H-8, H-9, H-10, H-
11,H-30,H-31,H-32,H-33,H-34),5.35(1H,m, H-
18),5.06(1H, m,H4) ,4.85(1H,dd,J =16.2,9.0
Hz,H-2a),4.42 (1H,t, J = 8.4 Hz, H-13), 4. 38
(1H,m,H-27),3.96 (1H, m,H-19a) ,3.86 (1H, m,
H-28a),3.81(1H,m,H-16a) ,3. 63 (1H, m,H-28b) ,
3.62(1H,dd,J =16.2,9.0 Hz,H2b) ,3.45(1H,m,
H-19b) ,3.43 (1H,m, H-16b) ,3.28 (1H, m, H-5a) ,
3.21 (1H, m, H5b), 1.91 (1H, m, H-15a), 1. 82
(2H,m,H-14) ,1.66 (1H,m,H-15b) ;" C NMR (150
MHz,C,D;N)§:170.8(C-1),43.7(C-2),171.3(C-
3),57.2(C4),36.8(C-5),138.6(C-6),129.9( C-
7),128.9(C-8),126.7(C9),128.9(C-10),129.9
(C-11),170.8 (C-12),60.4 (C-13),30.6 (C-14),
23.0(C-15),48.9(C-16),171.3 (C-17),54.4 ( C-
18),35.6 (C-19),127.6 (C20), 130.8 ( C-21),
116.5(C22),158.0 (C-23),116.5 (C-24),130.8
(C25),171.3(C-26),57.8 (C-27),40.2 (C-28),
140.2(C-29),130.3 (C-30),129.0 ( C-31),126.9
(C-32),129.0(C-33),130.3(C-34), LI ¥R S
SCHR T SR A — 3, O E LA 4 4 longicaly-
cinin A,

wEWS AT EEKAK; HR-ESI-MS . m/z
425.182 7[M + Na]" (3% {8 C, Hy N,O;Na,
425.183 6) , 43T C,sHy N, 0, ,"H NMR (600 MHz,
CD,0D)&8:7.02 ~7.70 (15H, m, Ar-H) ,4.79 (1H,
m,H=2),4.06 (1H, m, H-1"),3.43 (2H, m, H9") ,
3.15(1H,dd,J =13.2,6.0 Hz,H-3a) ,2. 98 (1H,dd,
J=13.2,9.0 Hz,H-3b),2.91(1H,dd,J =13.2,6.0
Hz,H2"a),2.72 (1H,dd, J = 13.2,9.0 Hz, H2"
b) ;" C NMR (150 MHz, CD,0D) §:173.5 (C-1),
56.9(C-2),39.2(C-3),139.9(C4),129.6(C-5),
130.5(C-6),128.6 (C-7),130.5(C-8),129.6 ( C-
9),170.2(C-1"),135.5(C-2"),129.5(C-3") ,128.0
(C4'),133.1(C-5"),128.0(C-6"),129.5(C-7"),
54.5(C-1"),38.1(C-2"),138.9 (C-3"),129.6 ( C-
4"y,130.5 (C-5"), 127.5 ( C-6"), 130.5 ( C-7"),
129.6(C-8"),64.1(C-9") . A F%udis 5 Sc k'™
I FEAR—3, MBS R S AR e

wEW6 HEILEIEHAK; HR-ESI-MS: m/z
467.192 9 [M + Na]* (3% {4 C, Hy N,0,Na,

467.194 1) , 1= C,,H,4N,0, ' H NMR (600 MHz,
CD,0D)§:7.06 ~7.77(15H, m, Ar-H) ,4. 78 (1H,
m,H-2),4.30 (1H, m, H-1"),3.97 (1H, dd, J =
12.0,4.2 Hz, H9"a) ,3.89 (1H,dd, J =12.0,6.0
Hz,H9"b),3.12(1H,dd,J =13.8,7.2 Hz,H-3a),
2.99(1H,dd,J =13.8,9.0 Hz, H-3b),2.85 (1H,
dd,J=13.8,6.6 Hz,H2"a) ,2. 78 (1H,dd,J =13.8,
9.0 Hz,H-2"b),2.00(3H,s, 0Ac) ;" C NMR (150
MHz,CD,0D)§:172.9(C-1),56.9(C-2),39.2(C-
3),138.7(C4),129.7(C-5),130.5(C-6),128.6
(C-7),130.5(C-8),129.7(C9),170.2 (C-1"),
135.5(C-2"),127.7(C-3"),129.6(C4") ,133. 1(C-
5'),129.6(C-6"),127.7(C-7"),51.4(C-1") ,38.2
(C-2"),139.0(C-3"),130.4(C4"),129.6 (C-5"),
128.0(C-6"),129.6(C-7"),130.4 ( C-8") ,66. 4 ( C-
9"),173.6 (OAc),21.0 (OAc), Dk I ¥ ¥t 5
Bk R AR — B, O E AL A 6 oA TR
Pkt 2, BRTR o

EWT B R AR (CH,0H) ; HR-ESI-
MS:m/z 283.107 5[ M + Na " (it % {4 C, H,
N,0,Na,283.105 3), 4+ F= C,,H,N,0,.,'H NMR
(600 MHz,CD,0D)§8:7.05(2H,d,J =8.4 Hz,H-12,
H-16),6.72 (2H,d,J = 8.4 Hz,H-13,H-15) ,4.37
(1H,t,J =3.6 Hz,H9),4.06 (1H,dd,J =11.2,
6.6 Hz,H-6),3.56 (1H, m,H-3a),3.38(1H, m, H-
3b),3.07(2H,m,H-10),2. 11 (1H, m, H-5a) , 1. 82
(2H, m,H4),1.22 (1H, m, H-5b) ;” C NMR (150
MHz,CD,0D)§:167.0(C-1),46.0(C-3),22.8(C-
4),29.5(C-5),60.2(C-6),170.8(C-7),58.0(C-
9),37.8(C-10),127.7(C-11),132.2(C-12),116.2
(C-13),157.7(C-14),116.2(C-15) ,132.2(C-16) ,
AE Bt 5 Sk Rl AR — 2, i s E A T
R IR-(L-FE 2R -L-IH 2R ) o

wEWw8 HEIEEKAK; HR-ESI-MS . m/z
249.120 3 [ M + Na]* (it % {4 C, H, N,0,Na,
249.1210) , 43+ C,,H,4N,0, .,'H NMR (600 MHz,
CD,0D)§:4.53 (1H,dd, J =10.2,6.6 Hz, H8),
4.47(1H,t,J =4.2 Hz,H6) ,4. 18 (1H, m,H3) ,
3.67(1H,dd,J =13.2,4.8 Hz,H9b) ,3.44(1H,d,
J=13.2 Hz,H9a) ,2.28(1H,dd,J =13.2,6.0 Hz,
H-7b),2.10(1H,m,H-7a),1.92(2H, m, H-10b, H-
11),1.52(1H, m,H-10a) ,0. 96 (6H, overlapped , H-
12,H-13) ;" C NMR (150 MHz,CD,0D)§:169. 4( C-
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2),55.0(C-3),173.5(C-5),59.1(C-6),38.6(C-
7),69.5(C-8),55.6(C9),39.8(C-10),26.2(C-
11),22.6 (C-12),23.7(C-13), DI F%#t 5
BRI A — B, B E LA 8 N ER-( LRI
AMR-L-H IR ) o

wEWI HEIEIEK K ; HR-ESI-MS: m/z
249.156 1 [M + Na]* (i} % {8 C,, Hy N,O,Na,
249.157 4) , 3 F= C,H,N,0, ,'H NMR (400 MHz,
CDCL,)8:6.00(1H br s,H-1) ,4.03(1H,d,J =10. 4
Hz,H-6),3.96(1H,br s,H-3) 2. 16(1H,m ,H-11) ,
2.09(2H,m, H-12a),1.89 (1H,dd, J = 13.6,10.0
Hz,H-7a) ,1.72(1H, m,H-8) ,1.64 (1H, m,H-7b) ,
1.48 (1H, m, H-12b) ,1.03 (3H,d, J = 7.2 Hz, H-
14),0.97(3H,d,J =6.8 Hz,H-10) ,0. 96 (1H,t,] =
7.2 Hz,H-13),0.95(3H,d,J =6.8 Hz,H-9) ;" C
NMR (100 MHz, CDCl;)8:167.2(C-2),60.3(C-3),
168.7(C-5),53.3(C-6),43.7(C-7),24.2(C-8),
21.3(C9),23.5(C-10),38.4(C-11) ,24.6(C-12),
12.0(C-13),15.7(C-14) . LI F¥ede 530k 4R
FEAR—F LB Y 9 N IR-( LS8 AR-L-57 58
AR -

LEWI0 AT E R A HR-ESI-MS: m/z
267.110 8 [M + Na]* (518 C,, H,; N,O,Na,
267.110 4) , %= C,,H,N,0,.,'H NMR (600 MHz,
CD,0D)§:7.28 (5H, m, H-12, H-13, H-14  H-15, H-
16) ,4.46 (1H, m, H9) ,4.10 (1H, m, H-6) ,3.56
(1H,m,H-3a),3.39(1H,m,H-3b) ,3. 18(2H, m, H-
10),2. 10 (1H, m, H-5a) ,1. 82 (2H, m, H4) ,1.23
(1H, m, H-5b) ;" C NMR (150 MHz, CD,0D) §:
171.0(C-1),46.0(C-3),22.8(C4),29.4(C-5),
60.2(C-6),167.0(C-7),57.7(C9),38.3(C-10),
137.4(C-11),129.5(C-12,C-16) ,131. 1 ( C-13, C-
15),128. 1(C-14)  LI_1-¥cd5 ek ™ il A —
BB RS 10 - (L-IF R FR-L- AN AR ) o

EW 11 [ aAsHR K (CHCL ) ; HR-ESI-
MS:m/z 219.113 3[M + Na]* (3F & {4 C,, H,
N,0,Na,219.110 4), 4+ F= C,,H, N,0,.,'H NMR
(400 MHz,CDCl,)§8:4. 10(1H,t,J =8.0 Hz,H-2),
3.95(1H,s,H-7),3.55(2H, m,H-5),2.38(2H, m,
H-3),2.05(2H,m,H4),1.90 (1H, m, H-8) ,1.07
(3H,d,J =8.0 Hz,H9),0.92(3H,d,J =8. 0 Hz,H-
10);"” C NMR (100 MHz, CDCL, ) §:170.5 (C-1),
60.6(C-2),28.9(C3),22.5(C4),45.3(C-5),

165.0(C-6),59.0(C-7),28.6(C-8),19.5(C9),
16.8(C-10) . LA % 5 Scmk ™ il A — 5, ik
YOEALE Y 11 - (L-F 2 - L- TR ) -

hEWI2 FETEE KA ; HR-ESI-MS: m/z
233,123 7[M + Na|* (i+ & {H C,, Hg N,O,Na,
233.126 1), /3= C,,H4N,0,,'H NMR (400 MHz,
CD,0D)6:4.30 (1H, m, H-5) ,3.88 (1H, m, H-7) ,
3.65~3.47(2H,m,H-5),2. 38 (1H,m,H-3a) ,2. 00
(1H,m,H-3b),1.55 ~2.09(5H, m,H4 ,H-8 ,H9),
1.03(3H,d,J=6.4 Hz,H-10),1.00(3H,d,J =6.4
Hz,H-11);°C NMR (100 MHz,CD,0D)§:171.7( C-
1),59.4(C-2),30.0(C-3),23.2(C4),46.8(C-5),
169.1(C-6),57.2(C-7),43.7(C-8),25.6(C9),
23.4(C-10),22.0(C-11) . LI ¥ 550k ™ s
FEAR B B ER G Y 12 S 3R- (L-f 22 - L 3
i) .

HEW13 HELEEK AK; HR-ESI-MS: m/z
233.1253 [ M + Na]* (it % {8 C,, Hy N,0,Na,
233.126 1), /3= C,,H4N,0,,'H NMR (600 MHz,
CDCL,)6:5.82(1H,s,NH) ,4. 08 (1H,t,/ =8. 4 Hz,
H-2),3.99 (1H, br s, H-7),3.64 (1H, m, H5a) ,
3.56(1H, m,H-5b),2.38 (1H, m,H-8) ,2.32 (1H,
m,H-3a),2.05 (2H, m, H-3b, H4a),1.91 (1H, m,
H4b),1.45 (1H, m, H9a), 1. 18 (1H, m, H9b ),
1.06(3H,d,J =7.2 Hz,H-11) ,0.95(1H,t,/ =7.2
Hz,H-10) ;" C NMR (150 MHz, CDCL, )§:165.0( C-
1),58.9(C-2),28.6(C-3),22.5(C4),45.2(C-5),
169.9(C-6),60.6 (C-7),35.4(C-8),24.2(C9),
12.2(C-10),16.0(C-11) o L b %edm 5 3k 43
FEAR BB ER G Y 13 R 3R-(L-If R -L- 5552
AMR) -

LEW 14 TLasR S 4& (CH,0H) ; HR-ESI-
MS:m/z 269.127 5[ M + Na]* (3} & (& C, Hy
N,0,Na,269.126 1), %75 C,HN,0,,'H NMR
(400 MHz, DMSO-d, ) §:8.10 (1H,s,4-NH) ,7.90
(1H,s,1-NH),7.16 ~7.26 (5H, m, Ar-H) , 4. 21
(1H,m,H-3),3.53(1H, m,H-6) ,3. 14 (1H,dd, J =
13.6,4.0 Hz,H-10a),2.90 (1H,dd, J =13.6,4. 8
Hz,H-10b) ,1.70(1H, m,H-7) ,0.68 (3H,d, ] =6.8
Hz,H9),0.29(3H,d,J =6.8 Hz,H-8);"” C NMR
(100 MHz, DMSO-d, ) 8:166.7 (C-2),55.1(C-3),
166.5(C-5),59.4(C-6),31.1(C-7),16.3(C-8),
18.3(C9),38.0(C-10),136.4(C-11),130.3 (C-
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12),128.0(C-13),128.0 (C-14),128.0 (C-15),
130.3(C-16) o PAE a5 Scmk ™ i 2 A — 3,
O EA ) 14 9 3-(L-BER-L-ANETR) .
wEW1S  JEEHR A (CH,0H) ; HR-ESI-
MS:m/z 221.125 5[ M + Na]* (i1 B {H C, Hy
N,0,Na,221.126 1), 5 F 2 C, H, N,0,.'H NMR
(400 MHz, DMSO-d, )8:7. 88 (2H,s,NH) ,3. 64 (2H,
brs,H2,H-2') 2. 12(2H,m,H-3,H3") ,0.90(6H,

4 9
0 0
TSN J~2TSNH
NN A NN ARG
5 1" 5 o 10
o o "
12 13

d,]=7.2 Hz, H4 ,H4') ,0.80 (6H,d,J =7.2 Hz,

H-5,H-5") ;" C NMR (100 MHz, DMSO-d, ) §:167.5

(C-1),59.3(C-2),31.2(C-3),18.8(C4),17.5(C-

5),167.5(C-1"),59.3(C=2"),31.2(C-3"),18.8(C-

4'),17.5(C-5") o LI b ¥ds 5 3cmk iRl A —

B, U E AW 15 - (L-50 2 8- L- S TR ) o
LAY 1 ~15 ZEF IR 1,

ILe?

19
® 20
o) HN 6 15 ~NH 12 Vet
o 21 a 14
10 o

HN NH

Le'
o 1
28 20 NH O
Phe®

30

33 ‘2 Pms
32
H O 323 OH
30 s 3%
Trp!
2
(0] o
4<3\N NN e A 7N ®.OH
y § 5K[7(NH 12 Z “OH 13 HN 5 < 4
I 0 o)
7 8
o} O
. 16 10 NN R s NH
1" . "
L _Jn HN, e NW“
5 5 5
o 0] 10
10 11
1 (0]
16 10 3
TN Y5 NH s Y 'NH
" 12 Hl:l 2.7 9 HN . & 4
13 7 3
o o
14 15

1 EW1~15 HLFEN

Fig. 1

2.2 JHARPE NI

4137 H,0, S SH-SYSY 4 a6 15 45 0 |
FeJH MTT =08 4 40 B R AR PG VE . 52 s
RANFE 1R, X R e, B 2R 1 A A T
BEMIT(P < 0.01); SHA ML, LB S.6
18 75 50 wmol/L ¥k B T Xt H, 0, 55 14 1 22 40 it
OB BRI R IP AR (P < 0.001) , 43 5

The chemical structures of compounds 1-15

HfAEE Rt H,0, 14515 1 (48.52 £ 0. 67) % 42
T+ (80.24 +1.52)% (78. 11 +0.74) % F1(80. 69
+2.07) % , 15 PESR B 5 FRPE ST K S P4 & E
(84.86 +1.56% ) JAH Y, L&Y 3 Fl4 18 50
pwmol/L ¥ B T X H,0, 1755 %) #iit 28 41 g 453 15 22 B0
t—E ORI TS (P < 0.01) , 43 5 SH-SYSY
AN A TG F G (15.00% ) A (11.83% ) . HAl
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F1 AAW1~153F H,0, 55 SH-SYSY BB HMERPIER (v £5,n=3)
Table 1  Neuroprotective effects of compounds 1-15 on H,0,-induced injury in SH-SY5Y (:ells(; ts,n=3)
&y AR oy 20 MO AF 15
Compound Cell viability (% ) Compound Cell viability (% )
6t BZH Control group 100.00 +0 7 53.95+1.88 *
T Model group 48.52 +0.67* 8 80.69 £2.07* " *
IKHEAEAEEF E Trolox 84.86+1.56" " * 9 49.78 £0.59
1 50.42 £0.91 10 52.45+£1.92
2 45.64 +1.34 11 50.19 £0. 66
3 63.52+0.85" " 12 48.72 +0.37
4 60.35+0.88 " * 13 50.64 £1.50
5 80.24 £1.52* " " 14 46.85 +0.75
6 78.11 £0.74*** 15 47.88 0. 15

T G RGP < 0.01; 5RO A, *P < 0.05,**P < 0.01,"**P < 0.001,
Note : Compared with control group,*P < 0.01 ;Compared with model group, * P < 0.05,**P < 0.01,*** P < 0.001.

Fe A2 SO wmol/L YK EE F R H,0, 5 5 1M1 241
Wt 3 T AR R
3 Wiess

BRI HAVERE A A RO SRS, 257
W2, A B IF 225 WURR PR (. A
WFSE LT A 2 € 0527 UL
SV I, RIS ETE A B HAR WAL 95% 2
REBLIUHING 2. 2 B (00 B M08 T 15 A Ak
£ AT 2 AR (2.3) 14
FRILI(4) 2 AMEFERK(5.6) 19 A5 kAL
BT ~15) . Hol a2 ~4.7 ~ 15 HE R
FURHIP Ry BR8], L A9 1 ~ 15 i M st
FITTAR B 8L, ALY 5.6 F18 X H,0, ¥ 1)
SH-SYSY 15t {1 30 s 4 PO 1 25 5 1, 20
B A BRI S I (31.72% ) (29, 59% )
MI(32.17% ) o 4SRRI, 6 2 AR (5) ot
SR I 2 2K (6) X1 I/ 4075 69 PC-12
ML 011 LR A S o A
S SAE T AR S B 6 (2 R 1, B
R AT YRR AT T (7
HEREAOAZ , FI AT PRS0 1 PR DL A
O, T — A R NS SRR,
HE LR ARG AT RERE . AR SO M R K LA B
ML AP R AR T HI A R 4 o 0 T W0
HIBAL2E AR, ot 25 BT 12 AL 0 25 700
HORIAE W PR T LRI, 5 — R Y O 0O
RS MBIl
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