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A new alkaloid from Huperzia serrata and its biological activity

QIAO Xiao-ting"?, CHENG Xin-xin', WANG Dan', LAI Mei-han’>, WANG Jia-qi’,
WANG Xiao-min"*, RUAN Cai-lian’>, CAO Duo"

(1. Shaanxi Key Laboratory of Research and Utilization of Resource Plants on the Loess Plateau, Shaanxi Engineering
and Technological Research Center for Conversation and Utilization of Regional Biological Resources, College of Life
Sciences, Yan'an University, Yan'an 716000, China; 2. Medical School of Yan'an University, Yan'an 716000, China)

Abstract: The methanol extract of Huperzia serrata was separated and purified by ODS, AB-8 macroporous
adsorption resin, dextran gel Sephadex LH-20 and silica gel column chromatography combined with the semi-pre
HPLC. The chemical structures of the isolated compounds were identified by MS, IR, NMR, etc. Four compounds
were isolated from Huperzia serrata and identified, named as serratinine C (1), lycobeline C (2), diphaladin A (3)
and crenatine (4). Compound 1 is a new alkaloid, compounds 2 —4 were isolated for the first time. In vitro
biological activity experiments showed that compound 1 could significantly reduce the levels of nitric oxide and
reactive oxygen species in glial cells induced by lipopolysaccharide and had significant antioxidant biological
activity.

Key words: Huperzia serrata; chemical composition; alkaloid; structural identification; antioxidant
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AR, B A 24 R TR ERI A Ti697 AD
(KA R, AR HIE T2 0] A% G2 BT 22 3R AT 1 00 2
MY T ZEEHAT T RGR 0 S0, 5344 4EY)
BlAL &, F B 2207 134T 1 S5 R

FERE5L

EW, Bk R, B A8 202.6 °C, AfE T H
WS40 AN TS B 4575 77 . ESI-MS J i ' [M+Na]™ m/z
480.32 Jz [M+K]" 496.30, &/~ HABX 73 8N 457, =
53 IR B m/z 458.284 5 [M+H]" (calcd. for C,,H,O.N)
R 7NN C HON, AULAE N9, 'H NMR
(R EmYER 4N HIERE 755 6, 0.88 (BH,
d, J=7.0 Hz).1.20 (3H, s5). 1.23 (3H, s) 1 1.51 (3H, s),
Km X B 1 ANEJR 7155 6, 5.81 (1H, ). "C NMR
(£ 1) 455 DEPT #dls Wontb &1 6 27 MikfE 5, 1
o4 N HFERR (0, 18.5, 25.1, 25.7 F1130.2). 10 /N 3
B 6 AN IR AL B (L3 1A R BRAS =) A1 7 A 2=k
(B2 NBREER) 155 . HSQC i b 12755 0, 0.88 (3H, d,
J=17.0Hz) 56, 18.5HK, ##/5,0.88 (3H, d, J=7.0 Hz)
N EEE R T, 6, 2.93 (2H, t, J = 11.0, 3.2 Hz) 5 6,
40.1 #15%, #2271 8, 2.93 (1H, t,J = 11.0, 3.2 Hz) /& C-7 1L
(0. 40.1) &JR 7155, 6, 3.56 (1H, dd, J = 7.6, 3.0 Hz)
56.70.9 (C-8) #5%, 6, 3.56 (1H, dd, J = 7.6, 3.0 Hz)
R C-8AM 1159, 6,3.37 (1H,d,J=3.0 Hz) 54, 73.1
(C-13) #12%, HMBC i i 278 6. 73.1 5 6, 2.93 (1H, t,
J=11.0, 3.2 Hz) #1 X, 6. 70.4 56, 2.93 (1H, t, J =
11.0, 3.2 Hz) 5, 0.88 (IS T 115 5) MK, BL |
{5 B 516 &) serratinine & A — 5%, $E R L & W1 458
Hf serratinine BERZ 45 14 (ANBAIE A 5), 'H-'H COSY
i g, 2.09 (1H, m, H-15) 56,,3.37 (1H, d, J= 3.0 Hz)
A5, 3.56 (1H, dd, J = 7.6, 3.0 Hz, H-8) ¥J#H 5%, H o,
3.56 (1H, dd, J = 7.6, 3.0 Hz, H-8) 5 2.93 (1H, t, J =
11.0, 3.2 Hz) #13%, NOESY i 1 H-15 5 H-8 #1 ¢ \H-7
5 H-13 #126\H-15 5 H-13 A 2%, H-8 5 H-7 AN 2%,
PR C-15hL B S C-8 i R B AE A C-15 A B
C-13 i R EAE R M H-8 &R 75 C-7 M &R F1E R
. C-7 b &R 15 C-13 ML Al FAE R, AL &9 1 B
A AT M BN B 1 B o A, I8 11 MRS
SRR N 4), A5 2 S AR (0, 182.2 Al
171.4) 1T D AEFNIR B Bk (5. 112.8)3 /ML AT X
R 2 AN R AN 3 S FRJR RS 5, FH AN R 4
AR A 1 BAREA —e A R . HSQC itk b i
/NS, 1.20 BH, s) 5 6. 25.1 #HK.5, 1.23 (3H, s) 5 6,
30.2 #HK 6, 1.51 BH, s) 56, 25. 740K, N3 MR IAF
550, 5.81 (1H, s) 556, 112.8 #1 5%, HMBC ¢, 5.81

(1H, s) 52 MAMIFI 26K (5. 182.2, 171.4) ¥IHI KL, #2
INTEAE o, B-RNHFI 454, 6, 5.81 (1H, s) A IEE R T
57, HAEHMBC i R 5 250K 6. 86.9 BIAFAEAH K
P£. HSQC it 1 &R 6, 3.98 (1H, dd, J=7.4, 3.8 Hz) 5
J. 63.4H1K, 6, 1.88~1.90 (2H, m) 5 6. 50.1 1K, 6,,
1.28 (1H, m) Al g, 2.35 (1H, ddd, J = 11.5, 4.0, 2.0 Hz)
555 o 48.3 M1 9%, HMBC B H fib R 6. 63.4 5 6, 2.35
(1H, ddd, J=11.5, 4.0, 2.0 Hz).1.88~1.90 (2H, m), 1.23
(3H, s), 1.28 (H-5', 1H, m) }2 55§, 3.37 (C-13, 1H, d, J =
3.0 Hz) 47 fEFH 5 1E, 6, 3.98 (H-6', 1H, dd, J = 7.4,
3.8 Hz) 56, 48.3,35.2, 73.1 (43 %]~ C-5'.C-7'.C-13)
FHOE, LA EAE BRI &P 1 AT 34 HSEHUAR (K BE £
i N ERLE R B HEEW IR C-13 6 AHE. 56
DA A5 BAHENAL &P 1 g5k an ] 1 7, SciFinder £
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Figure 1 Structure of compound 1 and its key 'H-'H COSY,
HMBC, and NOESY correlations
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Table 1 'H NMR (800 MHz) and "C NMR (200 MHz) data of compound 1 in DMSO-d,
No. 5, 9, (J in Hz, HSQC) HMBC
5 2132 (C) - H-3,6
77.6 (CH) - H-3
13 73.1 (CH) 3.37 (1H, d, J=3.0 Hz) H-14, 6, C-12, 14, 6'
70.9 (CH) 3.56 (1H, d, J=7.6, 3.0 Hz) H-7,15,C-7, 15
| 523 (CH,) 2.43 (1H, m), 2.67 (1H, m) H-2, C-2
9 50.4 (CH,) 2.12 (1H, m), 2.59 (1H, m) H-10, C-10
12 443 (C) - H-7, 11
7 40.1 (CH) 2.93 (1H,t,J=11.0, 3.2 Hz) H-6, 8, C-6, 8, 12
6 37.8 (CH,) 1.98-2.20 (2H, m) H-7,C-5,7
14 32.2(CH,) 1.58-1.69 (2H, m) H13, 15, C13, 15
11 27.0 (CH,) 2.11 (2H, m) H-10, C-10, 12
15 24.1 (CH) 2.09 (1H, m) H-8, 14, C-8, 14
2 21.2 (CH,) 1.87 (2H, m) H-1,3,C-1,3
3 21.1 (CH,) 1.63 (2H, m) H-2,C-2, 4
10 20.9 (CH,) 1.36 (2H, d, J=13.8 Hz) H-9, 11, C-9, 11
16 18.5 (CH,) 0.88 (3H, d, J=7.0 Hz) H-15, C-15
L 182.2 (C) - H-2'
2 112.8 (CH) 5.81 (1H, s) c-1,3'
3 171.4 (C) - H-2', 4
4 50.1 (CH,) 1.88-1.90 (2H, m) H-5',C-3', 5'
5' 48.3 (CH,) 1.28 (1H, m), 2.35 (1H, ddd, J=11.5, 4.0, 2.0 Hz) H-4', 6', C-4', 6'
6' 63.4 (CH) 3.98 (1H, dd, J=7.4, 3.8 Hz) H-5',13,C-5',7',13
7 35.2(C) - H-6', C-6', 8'
g 86.9 (C) - H-9'
9 302 (CH,) 123 3H, s) c-g'
10 25.7 (CH,) 120 3H, s) c-7'
1 25.1 (CH,) 1.51 (3H, ) C-7
BV-2 HEB HMC3
§ 500 = - = Control § 300 b d = Control § 400 ks ik = Control
S 400 = LPs e B LIPS T 00 B LIPS
i o B DrugtLPS i 200 BN Drug+LPS i B Drug+LPS
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_‘.71 15 m-1Es —A 15 i ok =3 LPS _._1 20 == LPS
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& Y ST @%&% R
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Figure 2 Compound 1 significantly reduced the levels of NO and ROS in glial cells. n=3,x=s. "P<0.01, ""P<0.001, " P < 0.000 1

JREERTFUBE 1 — % WS

LI ER Sy

TIZEEZH (19 kg) M T4 Bt T, £ bk
A dr R 5 e R T R K, N TR (Lycopo-
dium serratum Thunb) ¥4 #, Z P A bR A (%% 5
17-03-10) AT P AL R 222 i B2 B

Agilent Series 1100 SL ¥ Jii Bk F 1 (1 43 #% ESI),
% B 2 R R A #]; D8 QUEST Bruker. Bruker
Avance 500, AV 800 %4 #% 1D Al 2D #% i HLHRA%, 48 [ A
.50 /A 7] ; RE-6000A 2 RE3000A i #4 7% K A%, b i
MEZR A F]; DLSB-10/20 BUICIR ¥ HIIE A2, A IR}
TRAARAF; ST-07B % M A AL, b3 8 2R T
Hi b FHE A 7] BP221S J3 48 2 — WL FFF, 18 E 38 2 7|



TrbRIe A T2 EE b — AN AL e B A A - 3345 -

W4 F; NP7000C %4 52 \NU3000 7 48 S 0 2% i) 4% 1o
SO R . C18 1 A (250 mm x 10 mm, 10 pm), 7T
TR A R AR C18 i 4 (250 mm x 4.6 mm,
5 um), H A& YMC Co., LTD. /A & ; 100~200. 200~
300.300~400 H 1EAH JZ §7 i Jie A1 GF254 # 2 2 b7 fit:
JB2, S AL T AB-8 KL A A, Ak B4l 5
B A BR TT4E 2 75 3 R W B i: Sephadex LH-20.0DS
FABRENRS, i TRHEA IR A F; MCI g (B
5 MCI Gel-CHP 20-P, 75~150 um), H A& =25 /A 7 ;
TLC & 71 G FE R BRIV T < 5% 7 B  10% T 1K —
T T A BRI A6 FH A ALV 500 e K 47 S —
KRBT IE T O FF A% KRl a8 Wk
AR A A .

1 R#ES7E

T2 R ZM (19 k) Bt i (100 ), FEE
Tn Ak [l A HE B 4 %, BE IR 2 hy P R 4 [ i R S R
WOR B 255 kg ¥RE N340, 0N s LR
IKVETR (pH 2.5), i H 784 70 BUG I B ER K Z (B4
YR, F A AN R T B K pHAE R 10~ 11, & FFBK
2, IINGERFAR A WA (k&7 8 4 B8) K
URFEHL, ol R WA HLAR AR S0 R EGER AL 2 1.5 kg, &
FR T8 REHGHR A2 500 g.

53 AT 2 3 S A A BGHRAL (1.4 k) Ml B8 218
AHGAL (400 g) BEAT R ALK B I AB-8 il B 47 25 4l
. ZEE-7K (0:100.30:70.50:50.70:30.90: 10 F
100:0) £ B e, TLC kWil & H AH L 43, S0 2 %
AL Fr.A~G, LR CERRERGH A 43 FrH~M.

Fr. B (302 g) i s AR RE i R ODS 5 ek Z #r
Y B, HEE-7K (30:70.40:60.50:50.60:40.70:20 Al
90:0) P fii, TLC &I & FF45 3 6 i 73 Fr.B1~B6.
F Fr.B3 i ik MCI Gel H{i & Flash £ 73 & 4fifk, H
fiE— 7K B (40:60.50:50.60:40.70:30 F180:20) 7551
5N 4y, Fr.B31~B35. Fr.B32 (320 mg) F £ &
AHHEBZ ODS #: 2 #T J5 43 6 A~ 414> Fr.B321~B326.
H Fr.B323 (116.8 mg) £ -1l % i #H HPLC (4 i5-7K)
itk B2 A 1 (7.45 mg).

Fr. L (£ 89 g) £ & JE ik & e 4 2 41, TLC Al
A5 7Sy, Fr. L1~L7, H o Fr. L5 (4 340 mg)
TLC KM = A F ZLBE A, 48] % A HPLC ] % 75
&2 (17.01 mg) 14 (14.69 mg).

Fr.M (%580 g) & PR AL ER & AR E #r, — & H
Y- HEE (100:0~0:100), TLC &4 3F J5 75 VU AN 7
FrMI~M4. HFFrMI (£13.5 g) NEEE &M T
HEE, i U85 2090 9.6 g, BARIAERFIEHZEN, &
Fi— 18 LR (100:0~0:100), TLC A& 0 & F:AHAL

WA ER TN %, FMI1~M17. Fr.M14 (416 mg)
A Fr.M16 (117 mg) £ - il 2% ¥ AH HPLC ] % 34k &
Y13 (17.20 mg).
2 HFHEE

A BERR, 1558 202.6°C, IIET HIEE.
S A B . [a]2 +32.1 (¢ 0.10, CH,OH); UV
(CH,OH) 1. (log &): 190 (4.56); IR v,_: 3 348, 2 930,
1 800, 1 670, 1 200, 1 030 cm™, #2784 1 o & 4 XUEE
Pk B R0 ¥2 5L ESI-MS 3 HH [M+Na] ™ m/z 480.32
[M+K]" 496.30, $&7~ FAHXT 73 7 i 524 457, &5 PR
i m/z 458.284 5 [M+H]" (calcd. for C,,H, O,N), 5T 3
4 C,,H,,O,N, "H NMR 1 °C NMR % #is WL5& 1.

&2 BT E AR, °C NMR (200 MHz,
CD,0D) 6. 53.9 (C-1, CH,), 30.0 (C-2, CH,), 28.1 (C-3,
CH,), 31.1 (C-4, CH,), 25.0 (C-5, CH,), 34.0 (C-6, CH,),
41.6 (C-7, CH), 41.4 (C-8, CH,), 48.1 (C-9, 47.3), 27.0
(C-10, CH,), 29.4 (C-11, CH,), 48.0 (C-12, CH), 60.5 (C-
13, CH), 43.1 (C-14, CH,), 29.9 (C-15, CH,), 23.0 (C-
16, CH), 36.7 ( C-17, CH), LA | *C NMR } DEPT it %}
Wi 54L& %) lycobeline C — 2,

k4% 3: °C NMR (200 MHz, DMSO-d,) 6. 63.2
(C-1, CH,), 21.1 (C-2, CH,), 17.9 (C-3, CH,), 48.5 (C-4,
CH), 210.3 (C-5, C), 45.2 (C-6), 40.4 (C-7), 37.2 (C-8,
CH,), 55.5 (C-9, CH,), 26.3 (C-10, CH,), 71.5 (C-11,
CH), 71.3 (C-12, CH), 72.8 (C-13, CH), 30.0 (C-14,
CH,), 24.7 (C-15), 222.9 (C-16, CH,), L F"*C NMR [
DEPT i %14 5 4.5 diphaladine A — %",

fb&44: °C NMR (200 MHz, DMSO-d,) 6. 140.6
(C-1, €), 26.6 (C-1', CH,), 13.4 (C-2', CH,), 119.8 (C-3,
CH), 150.3 (C-4, C), 120.3 (C-4a, CH), 116.7 (C-4b,
CH), 123.6 (C-5, CH), 127.2 (C-6, CH), 120.8 (C-7,
CH), 140.0 (C-8, C), 112.1 (C-8a, CH), 135.0 (C-9, C),
56.4 (C-OCH,), LA | "C NMR X DEPT i $¢ 4% 516 &
¥ crenatine — £,
3 ImEMNEYEM
3.1 YHREEESE  BV-24HHETE S DMEM £ 757K (10%
a4 3% K595, #8758 10% FBS, H %5 % (100 u'mL™) Al
B Z (100 pgrmL™), JFTE 37 °C.5% CO, M InvE s 7= 46
HiiE7E. HEBFIHMC3 20U 7EfICHE DMEM Hii5 7%, $h 78
10% FBS, & 2 (100 umL™") fME 2 & (100 pg'mL™),
FHAE 37 °C5%CO, IR E: 7246 Hh 55 9%
3.2 NOKM ¥ 20 M 4% WAL 2x10° Nl 22 48 LA,
FALEEFREE 300 pLo R HIATH R . 73 A2 B X
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LPS 4) Figh 24520 (hn LPS #3426 h J&5 #: 97 20 pmol L™
&1 R 7R 5, B Drug+LPS 41), 4b ¥ 5 78 48 FLIR
HPEF 24 h, S8 JE K 35 = K S0023 180771 & 15 B G
Mgnfe L+ NO & &.

3.3 ROSHM ) 5 2H 40 A A N 24 1A AR AR R 4 ()
DCFH-DA, 37 °CHHi g 5 7= F6 N 1% & 20 min. TG IMLIG
O Hf 5 TR B A R = IR, AR A B R N 4l L Y
(1) DCFH-DA. | U4 A, 5 6B ARAC_E AL

34 GUtESh AL EHE K A GraphPad Prism 9
BAFAT Gevt o0 B, 410 2 53 20 oK B AEBC 4T Student's
A8 AL, B SR P 31 x £ s /R .

{EE TTBR: Trmels WA SR — 18, it &M & .
B MRS T 5 BN T R AO0T 1 U 7> 1 R 45 4 25 5 4
U7 — W By OV RS E AN P e R S B 2y
BT A B 7 2 0 5T S8 R e v, O S B vl B Y i) AL T
8% BURIE G ST ERRR F BB 2 8E TAE .
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