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Abstract: It aimed to research the chemical constituents of Solidago canadensis Lour. A new sucrose
derivative was isolated from the the methanol extract of Solidago canadensis Lour. with the technologies of silica
gel, microporous resin, Rp-18, and Sephadex LH-20 column chromatography. It was identified as 2,4,6,1',3",6’-O-
hexaisovaleryl sucrose by 1D NMR, 2D NMR, high-resolution mass spectrometry, and acid hydrolysis method. Its
mass spectrometry fragmentation behaviors were analyzed using high-resolution mass spectrometry and found that
compound 1 was easy to break the glycosidic bond to produce the fragment at m/z 415. The ion at m/z 415
continued to eliminate the isovaleryl group as neutral or non-neutral form to generate a series of daughter ions.
Compound 1 could inhibit NO production on LPS-induced neuroinflammatory responses in BV2 microglial cells at
the concentrations of 5, 10, and 20 umol-L"' to exhibit neuroprotective effect. Its half maximal inhibition rate of
NO was measured to be 13.96 + 0.78 umol-L™".
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Figure 1 The chemical structure (A) and 'H-"H COSY and HMBC

correlations (B) of compound 1
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1 ZlEE

B 1 TG R YD, & 53 P s 25 5 (HR-
ESI-MS) il 13 m/z 864.496 6 [M+NH,]"* (it % {4 K
864.495 1), Tl 4> 1 h C,H,,0,,, NEFE RS, 1L
%111 'H NMR (CDCl,, 600 MHz) 1£ 3 X R T
12 EZ R ERELE S 6, 0.95 (36H, overlapped),
6 MR H HEAE 5 5, 2.09 (6H, overlapped), PA K 6 /N E
L | &S 5 6, 2.24 (12H, overlapped). 43 #T1 F&
“C NMR (CDCl,, 150 MHz) i, 454 DEPT {7 [X
R 6 A HUE AR T 1) BREEBRAS T, KRN 6. 173.4%2,
172.9%2, 172.8, 172.2; F=i3 X 2o 6 ML 22460 # A1 i
MR B A5 5, IR O, 43.4, 43.3, 43.2x2, 43.1,
43.0; AT 6 Ak AL RS AH T I W H R A 5, K
3. 25.9x2, 25.8, 25.7%2, 25.6; [Fl B iL 5 2 ML= ALFS
I, B 5 EE W ERE S, 455 HNMRIGE 5, N
N 12 MRS AR AR AL . R HET LA 1 1)
SRR SR 6 NS AF, A5 PR SRR BRI, 2%
B S AN R S RO, I A e A

It4bh, °C NMR K DEPT ## ik 12 AN oA % iR
T1E5, B2 TF J. 63.9 (C-6), 62.3 (C-1") F163.8
(C-6") 11 3 Mk AE =, A7 T 6. 89.2 (C-1), 72.3 (C-2),
70.4 (C-3), 70.9 (C-4), 68.6 (C-5), 78.3 (C-3"), 73.3 (C-
4"), 80.6 (C-5") 1 8 MUK AE 5, LA LA T 6. 102.6 (C-
2 M IAZERAS 5 . FIE 28T 'H NMR 5§ K3 X\
3,399 F| 5, SSTH RV ERKFEGES, 565X
BRES, Bk 25 6 A e B ik I T A% (1038 7 45 M 15 5 A IR
PERREIEAS 5 (R D). B ZIL B 64 T B
AR BERERT A (I 1A). £ 'H-'H COSY i 1, H-
1/H-2/H-3/H-4/H-5/H-6 #H 5%, H-3'/H-4'/H-5'/H-6' 1 X
7 HMBC i /1, H-1 f1 C-5/C-2'# 2%, H-2 fll C-4 # 3%,
H-3 F1 C-6 A%, H-4 A1 C-5 # 5%, H-5 F1 C-3 #H K, H-6
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Table 1 The 'H NMR (600 MHz) and *C NMR (150 MHz) data of compound 1 in CDCI,

No. oy (Jin Hz) Oc
1 5.57 (1H, d, 3.8) 89.2 (d)

2 4.82 (1H, dd, 10.2, 3.8) 72.3 (d)

3 3.99 (1H, d, 11.8) 70.4 (d)

4 4.92 (1H, t, 10.0) 70.9 (d)

5 4.19 (1H, m) 68.6 (d)

6 4.33 (2H, m) 63.9 (1)

Iy 4.20 (1H, overlapped), 4.14 (1H, m) 62.3 (1)

2/ - 102.6 (s)

3’ 5.24 (1H, d, 8.4) 78.3 (d)

4 428 (1H, t, 8.4) 73.3 (d)

5 4.04 (1H, m) 80.6 (d)

6' 4.03 (1H, m), 4.05 (1H, m) 63.8 ()

6xIsovaleroyl 2.24 (12H, overlapped, -OCOCH,CH(CH,),) 173.4x2, 172.9x2, 172.8, 172.2 (s, C-2/4/6/1'/3'/6'-OCOCH,CH(CH,),)

2.09 (6H, overlapped, -OCOCH,CH(CH,),)
0.95 (36H, overlapped, -OCOCH,CH(CH,),)

43.4,43.3,43.2x2,43.1, 43.0 (d, C-2/4/6/1'/3'/6'-OCOCH,CH(CH,),)
25.9x2,25.8,25.7x2,25.6 (t, C-2/4/6/1'/3'/6'-OCOCH,CH(CH,),)
22.5x12 (q, C-2/4/6/1'/3'/6'-OCOCH,CH(CH,),)

e SRR T AXGREAT 23 B, 5 R v R AT 0T R,
T ORE AT B ZE RN R R RS, 2 L FTIR, K%
B %58 N 2,4,6,1',3,6'-0-75 53 R L 3 1 0 (2,4,6,
1',3",6'-O-hexaisovaleryl sucrose).
2 MS/MSZRITH
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415 (C, H,;0y), 7 7 K B 2 i) % W 5l 7 T3 1t 2 S
P o % B 0 e I i DA i 2 R T A
(-CH,,0,), Biitt—5 2Rk —70 7K, 7 Aim/z 313.159 1,
211.092 8, 295.149 4 1 109.026 0 514 F; 8 F 5 Rk
B UVAE v & R AR R (- CH,0), 74 m/z
127.036 2 255 Fr o m/z 85.062 7 1 57.068 1 Ny 7[R Bk
HEGRMATE. Pl EMS/MS 2@ 47 Nt —BiE
TARED 1 ISR R IE R

A .
1000000 = 864.4967
;
W() —| NH4
800000 - 0 o
> OH
= (0]
§ 600000 1 Y\(@ ol
k= \;( o miz41s
) =3
2400000 |
2 0
= O
2 \(T ) 0
200000 M
O
OH
0 T T 1
800 850 900 950
mlz
B

8

1665 0928 [M+H-Cy, Hy0y~2C5H 00,1

85.0627

30 109.026 - - -+ [M+H~C;,H3¢04-3CsH,0,]"

604 1 [M+H=C5,H3404-2CsH,00,~CsHgO]*
i

[M+H=C;H;3404~CsH 00,~H,0]*
404 3

Relative intensity / %

i +] — +
— ‘ 295.1494 [h:[ H-C,,H3404—CsH,40,]
204 ' i
127.0362) i [IM+H-C;H;00]"
313.1591 1

'
415.2284
i

0 T 1 l L] 1 L] L] L] 1
0 100 200 300 400 500 600 700 800 900
milz

Figure2 The (+) HR-ESI-MS spectrum (A) and MS/MS spectrum

(B) of compound 1

Table 2 HR-ESI-MS/MS date analysis of compound 1 in positive ion mode

MS/MS Precursor ion (m/z)  Production (m/z)  Elemental composition  Measured (m/z) Calculated (m/z) Error/mDa
(+)MS 846 864 C,H,0,, 864.496 7 864.495 1 +1.57
MS/MS 864 415 C,H,0, 415228 4 4152326 -4.24
313 C,(H,s0, 313.159 1 313.164 6 -5.49
295 C,H,,0, 295.149 4 295.154 0 -4.60
211 C,H.0, 211.092 8 211.096 5 -3.69
127 CH,0, 127.036 2 137.0390 -2.77
109 CH,0, 109.026 0 109.028 4 -2.41
85 CH,0 85.062 7 85.064 8 -2.09
57 CH, 57.068 1 57.069 9 -1.78
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3 WA RIPMEAR

3L LPS 5 5 1 BV2 2 0E i 493 45 B4 U A0 1k &
W2 LRYEH . B Jaid i Cell Counting Kit-8
(CCK-8) iEMRAL &4 1 6 BV2 i I 4n i # vE . 7E
BTEM G, AR P =K E R BV2 FI41H
175 2215075 51 80% L I, Ui B AW 1% BV2 41 i 1%
AR (BI3A). MRy 1E R ZR B LPS 2 A1 %f
HEZE X Lk, NO 225 7 i (K1 3B), Uil LPS i3 BV2 41l
Ji 8 RE R R S B R Th o 55 LPS 4LAH L, B 26 2K % 2R
# (MINO) AL &9 L AEH T BB 40 i 5, NO 7 5 B
B REAR (K3B), H 2 EKBOCR, RIMLE 10
LPS 55 BV2 4l il LA (R E H, RIPTAHE RIET)
fe. BRI A1 7E 2 AN KR E T X LPS i 5
BV2 4t ffd # 22 58 5 OR B4 F, 0045 40 NO R i)
FH AN H] 24 13.96 + 0.78 pmol-L™ (& 3C), A1 XT [#
NAKIERE, H1C, N 16.26 +4.97 pmol-L™ .
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Figure 3 The cell viability rates of BV2 cells by treated with compound 1 (A); the NO concentrations of lipopolysaccharide (LPS)-
induced BV2 cells after treated with compound 1 (B); the IC,, calculation of compound 1 (C). n = 3, x + 5. P < 0.0001 vs control (C)

group; “P<0.01, P <0.001, " P<0.000 1 vs LPS group



- 1056 - 242224 Acta Pharmaceutica Sinica 2025, 60(4): 1052-1058

AV 600/800 B A% il FL 4R 9 BE A [ & e (k) BHE A
PR /A #]]; NICOLET iS10 B 4L A i [FRER Kt /Rt
H (v E) AR 2 F]]; Jascomodel 1020 Jig 64X (H A&
Horiba 73 &]); ME204E 4347 K 1 (L ¥4 -0 R £
XA PR A7) 28 ROGHUR S ELSD 6100 K H £
AF 1 5l B} 5 A IR > W5 i A9 B AR E i (ST7HB195198)
A E Sy o S 7/ S5 S TS/ v
(BBP04081) 4 5 2= 7 P J1 A=W+ AR 43 TR A 75 I
AT B A6 5 B LA IR 2 7 82 08 i IR AR R
AR B B b s S A W R 2R A R A A
BV2 4 g bk ok H 8 v 2R R 2 55 A LR
4 E = AR 257 B = F R R A TR A A5
Ji5EN 10% B R - £ B O #4 s & 6.

1 #ESSE

33.0 kg FRRAIINE R — R e 2 Mm i L 120 L
FBE =R 3 d, L3 IR, & IR BB IRk 4 2= 6 H
Bk, 13 258 3.2 kg, # H A HE 10 LK, H 355
LR CTRARL, 3 =R, &I 513 48 LR AL
1.1 kgo e AEETE (6.0 kg, 20 cm x 40 cm, £71 JH
k- TR 2,630 1.15:1.9:1.8:2.7:3) Pl 3815 8
4> Fr.1~Fr.8.

Fr.6 (136.0 g) £ SO MCIAE 4l (1.2 kg, 15 cm x
30 cm, HEE-7K 50:50.60:40.70:30.80:20.90:10) ¥k
Jii 45 51 6 AN 7 Fr.6-1~Fr.6-6; 1 Fr.6-4 (70.0 g)
{8 H Rp-18 # 41 73 25 (500 g, 5 cm x 18 cm, FEE-/K
40:60.50:50.60:40.70:30.80:20.90:10), ¥ it 15 3
7 AN 5> Fr.6-4-1~Fr.6-4-7. Fr.6-4-5 (17.0 g) id it
JE AR (3 (170.0 g, 5 cm x 25 cm, £71 I k- 2 1R £ 5
3001.15:1.10:1.9:1.8:2.7:3) #E— 54> B 4lifh 15 5
7 AN 43 Fr.6-4-5-1~Fr.6-4-5-7. Fr.6-4-5-1 (0.5 g) &
Sephadex LH-20 #¥ fiie 4 €53 43 55, B3 e 753 B4k &
Y11 (24.5 mg).

2 HHEE

B, TRy, [a]) =+ 11.33 (¢ 0.150,
CH,OH); HR-ESI-MS m/z 864.496 7 [M+NH,]" (it &
fH: 864.495 1), 4 ¥ 3: C,H,0,,- IR (KBr)v,, 3 448,
2 961, 1 744, 1 386, 1 370, 1 295, 1 255, 1 188, 1 166,
1099, 1 019 cm™, BEREELHE WL (& 1).

PR K M58 B S mg L&) 17 T 5 mL 5% KOH
W, 75 95 °CHAF N IMAREI 3 h, £ &5 #4 S RE
FEV)IE A pH 4.0. SR B S KOE T BE S B FEL =
W, E TG, BEIEVIERME TEZ . ¥IE T EZ
F /b & H BV AR S5 NN 5 mL 2 mol-L™ 2R, 7£ 95 °C
(26 T IAR R 4 hy 7 SR P74 20 5 F IR T B2
=R Bk Z s T4 5, FH 7K A ) e Ase DU i,

R B R SRR B A FH B A KA AR, TR T RE
FA A 78 RO I 38 (1) v BOAE B i A8 AT 0 R
H BDS HYPERSIL-C18 % (4.6 mm x 250 mm, 5 um),
Vel RGN TshA A (L), W3 B (R 2% #h il
pH 6.8), #ii# A 0.8 mL-min™, A:5 A 30 °C, ¥ 5 BE Mt
LAt EIAREE 17% A, 0~22 min; 17%~19% A, 22~
24 min; 19% A, 24~55 min. 7&K CHK I8 26 1F: FERE
10 pL, 3 55 B 1, BRI 110 °C, SRR
#2.7 L'min”.
3 MS/MS SR

3 2% 1 - MS/MS 43 #T £ %2 $E {& LC-MS-Q-TOF
G6530 i1 % {X b 3 47, K H Eclipse XDB-C18 fF
(2.1 mm x 50 mm, 3.5 um). L& 1 A EEAC f Rk
25 0.05 mgmL' & H . BEB RGN AN A: H K-
7K (0.05:100, v/v), i sh A B: 20, 3% 0.3 mL-min™,
FEIR N 30 °C, 6 FE e 0 2% A B2 46 8 B 5% ~90% B,
0~8 min; 90% B, 8~10 min; 90%~2% B, 10~11 min;
2% B, 11~14 min.

JR 1% 2% B IR N ESTIER, =4 O RANEL IE,
U =R e W B o T G T R S A S
4.00 kV B5-3.50 kV; &< & 7174 35.0 kPa; Wi % <A
RS, TE N 8.0 L-min™'; 2 24315 Z N 350 °C; o
ALY FE A 280 °C; BEE T IR VE I 9 m/z £ 0.2 Da;
ZUMRBEE N 10.20.30 F140 eV; 2R NGRS, I
6 B A m/z 50~1 500, H 38 =L 47 MS/MS 75 #7 .
Agilent Qualitative Analysis 10.0 # A F T Tl 73 72X,
FAh 5T 15 2% A 2 R SCHRP AT W E .
4 HERIPMEHR

{8 Fl CCK-8 35 Ml i Ak & 4 1 6T BV2 48 fd ¥ 48 i
B, JF/ELPS 5 3 1 BV2 RIEHUG A Lk 4T b £
RAETE PR, KGR BAPEXT LG . /N RN T 4
BB T4 16 10% H6 4- I3 (fetal bovine serum, FBS),
100 uvmL"' F % &= A 100 u-mL™ 5 % % [fJ Dulbecco's
modified Eagle medium (DMEM) = #H 5% 72 5 | il &
T 5% CO, 40 f 3 7246 37 °Cok At T 595 . MG,
k40 H A= K 24 h, B2 3] 80% ~90% M i 2% 14, H
TG L 5T

B o ot PR A 2540 . K BV2 Al B b T
96 FLAH MR TR I, % AR =T 5x10* . O XY
Har NEFIXRHA = AX A, @ L2454 BV2E;
FE24 hjg, 7 EIAR TR, W LIS A ARKE (5210
A120 pmol L") 2454 4b B 24 h, K 4 i 555 557 ik 56 #5151
144 10% CCK-8 ) DMEM, 0% & 2 h )5, 1 I AR AX
7E 450 nm &b 132 HUREAN FL I RO FEAR (4), THH &2 40
JOAF3E %, LI R 3R H T L&Yt &4
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M TEEE . AMIAFIE R (%) = (41-A43) / (42-43) x
100%, Horh A1 2L IO BE 5 A2 ¥ 770 R (1)
WG s A3 7S U AL RO B

K F NO BGF Sk AL &40 1 % LPS 5 7 BV2 41
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K F GraphPad Prism 9.0 314 %f £ 48 2547 Si 11 73
B, 45 R F P21 £ SEM R . = 4UHHE 4 F B K]
72T, SRJE BEAT Tukey MG K . T E K56
PR AU PAE, AN P < 0.058 Gt 22 & X
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