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Two new glycosides from the Citri Sarcodactylis Fructus
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Abstract: Six compounds were isolated from the ethyl acetate fraction of Citri Sarcodactylis Fructus by using
various column chromatographic methods, such as MCI Gel CHP-20, ODS, Sephadex LH-20, silica gel and
semipreparative HPLC. Their structures were identified to be citrusin G (1), citrusin H (2), citrusin E (3), syringin
(4), coniferin (5), methylconiferin (6) by NMR, HR-ESI-MS, UV, IR spectra. Compounds 1 and 2 were new
secondary metabolism products and 3-6 were obtained from the titled material for the first time. Compound 1
showed anti-renal fibrosis activity in TGF-f1-induced kidney proximal tubular cells.
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Figure 1  Structures of compounds 1-6
FR5R 5 [0 20.3 (C-7), 36.7 (C-8) R A F A B B 455 5 [0,

1 LR

&1 1 N % (o K, HR-ESI-MS [M+Na]' m/z
411.126 0 (it 518 C,H,,0,,Na 411.126 2) ] 5 + X
N C,H,0,. H'HNMR (CD,0D, 500 MHz) i (¥ 1)
HEREAN S EEES [0,6.45 (1H,d,J=2.3 Hz, H-5),
6.23 (1H, d, J = 2.3 Hz, H-3)], B M HEEEAE 5 [0,
3.78 (3H, s, 4-OCH,), 3.76 (3H, s, 6-OCH,)], P> IlF. Ff &
2155 [0, 2.91 (2H, m, H-7), 2.38 (2H, m, H-8)] f1—
AR EFEALE S [0, 4.83 (1H, d, J= 7.5 Hz, H-1), 3.90
(1H, dd, J = 12.0, 2.3 Hz, H-6"a), 3.68 (1H, dd, J = 12.0,
5.9 Hz, H-6'b), 3.34~3.53 (4H, m, H-2'-5")]; °C NMR
(CD,OD, 125 MHz) i (& 1) 45 & HMBC i 3t W 52 5
17 ANBRAS 5, B — NS 5 [0, 179.1 (C-9].—1
FIRTAS 5 [0, 112.5 (C-1), 158.1 (C-2), 93.8 (C-3),
160.1 (C-4), 94.9 (C-5), 160.9 (C-6)]~ M /> . FH JE i {5

56.0 (4-OCH,), 55.8 (6-OCH,)] LA J — 2 ] %] # 0% 5
F [0 103.1 (C-1"), 74.9 (C-2"), 78.3 (C-3"), 71.5 (C-4"),
78.1 (C-5"), 62.6 (C-6")]. f£'H-'H COSY ¥ ' i L H,-7
(6,2.91) 5 H,-8 (5, 2.38) HIFHKAE 5 (Kl 2), YLHALELE
H Jie {f & & 4 -CH,-CH,- . HMBC i /1 77 £ H,-8 (9,
2.38) 5 C-7 (8. 20.3) A1 C-9 (6. 179.1) HIAHAF 5, LA
FH,-7 (6,,2.91) 5 C-1 (6, 112.5), C-2 (J,. 158.1) A1 C-8
(0. 36.7) BIFHRAT 5, UERH 1 2830 C-1 7 N R 2 v B 1)
E1E . 1@ HMBC i 71 H-1' (5, 4.83)/C-2 (6. 158.1),
4-OCH, (6, 3.78)/C-4 (d.. 160.1), 6-OCH, (6, 3.76)/C-6
(O 160.9) [RAH AT S ag 1 %60 4 W R A FR AR 1)
KB . i I K AR S 2 B L R T S DR, R I
R 45 o e LB & 8 B g = 7.5 Hz W N p g 8. iR
e A 1 d5 R 1 FToR, i 4K citrusin Go

b &1 2 Nk ¥ ok K, HR-ESI-MS [M+Na]’ m/z

Table 1 'H (500 MHz) NMR and "“C (125 MHz) NMR data of compounds 1 and 2 (in CD,0D)
1 2

Ne- 5 5. 5, 5.
1 112.5 111.6
2 158.1 158.1
3 6.23 (1H, d,J=2.3 Hz) 93.8 6.24 (1H, d,J=2.2 Hz) 93.8
4 160.1 160.1
5 6.45 (1H, d,J=2.3 Hz) 94.9 6.45 (1H, d, J=2.2 Hz) 95.1
6 160.9 161.2
7 291 (2H,t,J=8.1 Hz) 20.3 2.92 (2H,t,J=7.0 Hz) 19.6
8 2.38 (2H, t,J=8.1 Hz) 36.7 2.47 (2H, m) 34.8
9 179.1 176.5
1 4.83 (1H,d,J=7.5Hz) 103.1 4.84 (1H,d,J="7.3 Hz) 102.9
2! 3.47 (1H, dd,J=8.9, 7.1 Hz) 74.9 3.47 (1H,d,J= 8.4 Hz) 75.0
3’ 3.42 (1H, m) 78.3 341 (1H,t,J=8.3 Hz) 78.3
4 3.38 (1H, m) 71.5 3.37 (1H, m) 71.5
5 3.45 (1H, m) 78.1 3.45 (1H, m) 78.2
6'a 3.90 (1H, dd, J=12.0, 2.3 Hz) 62.6 3.90 (1H, dd, J=12.0, 2.3 Hz) 62.6
6'b 3.68 (1H, dd, J = 12.0, 5.9 Hz) 3.68 (1H, dd, J = 12.0, 6.0 Hz)

4-OCH, 3.78 (3H, s) 56.0 3.78 (3H, s) 56.1

6-OCH, 3.76 (3H, s) 55.8 3.76 (3H, s) 55.8

9-OCH, 3.64 (3H, s) 52.1
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Figure 2 Key 'H-'HCOSY and HMBC correlations of compounds
1and2
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5C-2 (6, 158.1) 74E HMBC M5 5, $7% 6 4 b A
B 5 28R C-2 RLARIE; H-5 (5, 6.45) FIC-1 (5. 111.6)~
C-3 (6, 93.8) LL & H-3 (5, 6.24) A1 C-1 (. 111.6).C-5
(6. 95.1) I HMBC #H A5 5 UE B 1 3/5 A > 75 &)
171E . 4-OCH, (0, 3.78) 5 C-4 (0. 160.1), 6-OCH, (4,
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T S d FH CCK-8 12 771 50 W 5 A4 & 1 A 31 3 1) 40 i v
P, 25 R ALE Y 1 A0 2 7€ 20 pmol- L I XT 44 Ha v 7
MmN (KE13A), K I 20 pmol- L W 52§t B 41 41k
fEH . H Western blot £ il 1. &4 1 #1 2 %F TGF-B1 5
T NRK-52¢ 40 i (1 R 47 4F H, Se 5 45 RE W, &
)1 4E 20 pmol L ¥R f& T~ & 3 #)1 i T fibronectin Al
collagen 13K 1A (K 3B).

SMUT £

BrukerAM-500MHz it 3 #% W 3L IR 1 (TMS W 4,
74 [€ Bruker 2 7)); Triple TOF 6600 % 1= 2% A 212 —
VYR AT & AT B 1) 755 2 % o 1% B¢ FH A (35 B AB SCIEX
2y l); EVO300 48 4153 6 56 B 1H Al Nicolet 1S10 2141
1 4% (3€ E Thermo Scientific 23 &); Autopol IV 4 H 3
JiE H6AX (35 B Rudolph 2 &]); LC-52 24 = fil] £ i AH 2
A (FE T B L B IR A ] ); N-1100 B Jig i
R EYELACA-3310 BUR IR A B A R (R 2R
b 28 Bk 202 4); T 78 1820C AL 4 /K ML (R JK EE /R
7K Ak F ¥ 467 BR 23 7]); Cholester £ (250 mm x 10 mm,
H A COSMOSIL A R 2 #); MCIGel CHP-20 £ &, %
MR (H A =354k % A 7]); SephadexLH-20 £ (1% 44
#l (3¢ [ GE Healthcare 2 #)); 1F AH i B2 #F € 0% 44 %)
(200~300 H) 1 GF254 & i i 2R (HF [E 5 S etk
T )

F 0BT AR A ST, 28 Y B A R
R E ' ANEFFHEY B F (Citrus medica L. var.
sarcodactylis Swingle) 1)1 5 5L, T8 FR A LRAT T
A R 2K 2 25 2 ) R R A R (AR AR S
FS202204ZQ).
1 RS E

20 kg i F 6 fi5 & 85% L IR =K, FT 18 HE Bl
VR VR 46 S A9 3 SR B (10 k), Ik 4 B R O £
T LR T IR T BEAEL, WRAE A BRI B 41 &
BEERAL (170 g)« IE T EEEBAL (2 kg) FI/KEBLL (8 kg). &
i LB AL B MCLEE, F B2 -7K &R 48 (20:80~95:5)

= - GW 2 1
20 20 20
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Figure 3 Compounds 1 and 2 inhibit fibrosis in TGF-41 induced NRK-52¢ cells. A: Cytotoxity determinations at 20 pmol-L" determined

by CCK-8; B: Anti-renal fibrosis activities determined by Western blot (#-tubulin as an internal control, GW788388 as a positive control)
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o FE Ve IS, IR A3 31 20% L EEFAL (49 2)230% LB
BT (14 2)240% LEEHAL (19 g)250% LEEERAL (17 g)-
60% L FEEBAL (23 ) 70% L BEF AL (24 2)-80% L I
HBAL (5 g)F195% LFEEBAL (20 g). 20% LEEHBLL (49 g)
2 Toyopearl HW-40C £+, LL H fiE-7K (0:100~100: 0)
B B e 45 31 5 N5 Fr.AL1~Fr.A5. Fr.A.1 (25 @)
£t SephadexLH-20 £ 11} A FH £ -7K (02 100~100:0)
BV, 5 %) Fr. A 1.1~Fr.A. 1.4 3 4 N4 4. Fr.
A.1.1 (20 g) & RERFE (A TE (200~300 H) FH & HF k5i—
F B (100:0~0:100) ¥ B ¥E i, 45 3 Fr.A.1.1.1~Fr.
A.11.1I0 3 10Ny . Fr.AL1.1.8 (2 g) ZRRERKE (il
(200~300 H) A =& H - H BE (501 1~0:100) 5 &
VEMt, 73 % Fr.A.1.1.8.1~Fr. A.1.1.8.5 3t 5 N4 43 .
Fr.A.1.1.8.3 (1 g) 1= ODS #: i, DLH EE-/K (5:95~
100: 0) A6 /5 ¥ B, 75 2 10 AN 4H 4 Fr.A.1.1.8.3.1~Fr.
A.1.1.8.3.10. Fr.A.1.1.8.3.10 (25 mg) 2| % = 20l
aith, BEML A4 (LE-7/K 12:88, 3.0 mL-min™,
t, = 17.7 min, 2 mg). Fr.A.1.1.9 (2 g) & kE A ik
(200~300 H) A =& H - F B (501 1~0:100) B &%
Vel 5538 Fr.A.1.1.9.1~Fr.A.1.1.94 L 4 A4 4. Fr.
A.1.1.9.3 (134 mg) &1l & = ROE AR 24k, 15 30 &
M2 (4. E-7K24:76,3.0 mL-min’', ¢, = 28.3 min, 5 mg)
A3 (L HE-7K 24176, 3.0 mL-min’, £, = 20.8 min,
35 mg). Fr.A.1.1.9.4 (134 mg) £ ODS #& (& i, LI
g —7K (5:95~100:0) #f B ¥ i, 15 % 10 > 4 7 Fr.

- 1 % O 24k, 15 B A S (L F-7K 14186,
3.0 mL-min”, £, = 11.748 min, 9 mg). Fr.A.1.2 (2 g) &
fif I AE 3 (200~300 H) F & H - H B (5001~
0:100) 82 Pe i, 495 Fr.A.1.2.1~Fr.A.1.2.6 3t 6 N 4H
I3 FrA.1.2.6 (77 mg) & -l & m RO AR 44k, 43 21
&P (L H5-7K 19:81, 3.0 mL-min, z, = 19.1 min,
13 mg). Fr.A.2 (7.1 g) &rER A 1 (200~300 H)
F & B - FEE (500 1~0:100) kA B 3% B, 15 5
Fr.A2.1~Fr.A24 4 /M%) . Fr.A2.4 (3 g) £ ODS
FEfaith, DL EE-7K (5:95~100:0) B ki, 153 8 4
204> Fr.A.2.4.1~Fr.A.2.4.8. Fr.A.2.4.1 (54 mg) &}
i) 2% = OB AH 2E Ak, 153 B4 E P 6 (W BE-7K 35165,
3.0 mL'min", #, = 14.9 min, 2 mg).
2 EW2HBEKERITEL

FREUAL A4 1.0 mg, NN 2.0 mg i 2B A1 3 mL 7%
TIK, 37 °CCK I M 48 ho  [H] 1 J5 MR & 9 v hn
1 mL 7818 K, F SRR R AR 3 . /KZ R4
T4 5 0 L-F- e B2 G 2R R £R 1 mg, MERE 1 mL, 7E
60 °C N ANFA 1.5 ho AR H K AR FUELRE 20 uL, 60 °C

I# 1.5 he LC-MS 2 iR &4, 1 5% 1 : Agilent
Eclipse XDS-C18 (3.5 um, 3.0 mmx150 mm); % J& ¥
Jiit: 7K (A)-FEE (B), 0~28 min, 40% B; #1140 °C, it
0.3 mL-min; FUik 51 BB TR, E5W1
(t, = 11.91 min)~2 (¢, = 11.93 min) 5 D-%] %] B bx 1 i
(t, = 12.00 min) LR B B[R] e AR — 35, et &4 1 A0
2w AT A D AL

3 SFHEE

&1 T B KR, (o) -25.0 (c 0.10,
MeOH); IR (MeOH) v 3 244.1 613.1456.1 202 cm™;
UV (MeOH) A (log £): 209.0 (2.536) nm, HR-ESI-MS
m/z 411.126 0 [M+Na]’, i+ 5 {H N 411.126 2. '"H NMR
F1PC NMR HdlE W& 1.

&Y 2 hEE G K, [aly —37.0 (c 0.10,
MeOH); IR (MeOH) v, 3 411.1 612.1 659.1 607
1458.1177.1 035 cm™; UV (MeOH) 4, (log ¢): 211.0
(2.814) nm, HR-ESI-MS m/z 425.141 9 [M+Na]", i %1
f8°~425.141 8. 'H NMR i1 °C NMR 4% 1% 1,

WEY 3 R E AL 5, 53T FEE, ESI-MS m/z
395.130 9 [M+Na]", (&% 738 C ,H,,0,. 'HNMR
(500 MHz CD,OD) i, §,, 7.02 (1H, d, J = 8.4 Hz, H-
5), 6.78 (1H, d, J = 2.5 Hz, H-2), 6.51 (1H, dd, J = 8.4,
2.5 Hz, H-6), 4.88 (1H, d, J = 7.1 Hz, H-1"), 3.90 (1H,
dd, J = 12.1, 2.2 Hz, H-6'a), 3.75 (3H, s, 9-OCH,), 3.69
(1H, dd, J = 12.1, 5.8 Hz, H-6'b), 3.63 (3H, s, 3-OCH,),
3.42~3.48 (4H, m, H-2'-5"), 2.90 (2H, m, H-7), 2.61
(2H, m, H-8); "C NMR (CD,OD, 125 MHz) i *, &,
131.3 (C-1), 108.5 (C-2), 160.9 (C-3), 157.7 (C-4), 103.2
(C-5), 123.2 (C-6), 35.5 (C-7), 26.3 (C-8), 175.9 (C-9),
52.0 (3-OCH,), 55.8 (9-OCH,), 102.7 (C-1"), 74.9 (C-2"),
78.2 (C-3"), 71.4 (C-4"), 78.2 (C-5"), 62.6 (C-6"). Ll L
NMR 45 5 SCHR! 5 3E 1) citrusin E 3£ &K — (.

a4 hBa kR, 5T T, ESI-MS m/z
395.129 4 [M+Na]", it &7 738 C,H,,0,. 'HNMR
(500 MHz CD,OD) i 1, 6,: 6.75 (1H, s, H-2, 6), 6.55
(1H, d, J =15.8 Hz, H-7), 6.33 (1H, dd, J =15.8, 6.4 Hz,
H-8), 4.87 (1H, s, H-1"), 4.22 (2H, dd, J =5.5, 1.6 Hz, H-
9), 3.86 (6H, s, 3, 5-OCH,), 3.78 (1H, dd, J = 12.0,
2.4 Hz, H-6'a), 3.66 (1H, dd, J = 12.0, 5.2 Hz, H-6'b),
3.41-3.48 (3H, m, H-2"-4"), 3.21 (1H, dd, J= 7.5, 2.3 Hz,
H-5"); “C NMR (CD,OD, 125 MHz) i, d.: 135.3 (C-
1), 105.5 (C-2), 154.4 (C-3), 135.9 (C-4), 154.4 (C-5),
105.5 (C-6), 131.3 (C-7), 130.0 (C-8), d. 63.6 (C-9),
57.0 (3, 5-OCH,), 105.3 (C-1"), 75.7 (C-2"), 77.8 (C-3"),
71.3 (C-4"), 77.8 (C-5"), 62.6 (C-6"). LL_F NMR ¥4 5
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SCHRUPHRGE I8 T A AR — 3

&S hE Ok R, 5% T B, ESI-MS m/z
365.119 5 [M+Na]", (&7 73508 C (H,,0,c 'HNMR
(500 MHz CD,OD) i 1, 6, 7.11 (1H, d, J = 8.4 Hz, H-
5), 7.07 (1H, d, J = 2.0 Hz, H-2), 6.95 (1H, dd, J = 8.4,
2.0 Hz, H-6), 6.54 (1H, d, J = 15.9 Hz, H-7), 6.28 (1H,
dd, J = 15.9, 5.7 Hz, H-8), 4.89 (1H, d, J = 7.2 Hz, H-
1), 421 (2H, dd, J = 5.8, 1.6 Hz, H-9), 3.87 (3H, s, 3-
OCH,), 3.69 (1H, dd, J = 12.0, 4.8 Hz, H-6'b), 3.33~
3.55 (4H, m, H-2'-5"); "C NMR (CD,0D, 125 MHz) %
H1, J. 133.7 (C-1), 111.4 (C-2), 150.9 (C-3), 147.6 (C-
4), 117.9 (C-5), 120.7 (C-6), 131.3 (C-7), 128.9 (C-8),
63.7 (C-9), 56.7 (3-OCH,), 102.7 (C-1"), 74.9 (C-2"),
78.2 (C-3"), 71.3 (C-4"), 77.8 (C-5"), 62.5 (C-6"). Ll L
NMR #4555 SCBRU 8 AR A B A — 3.

a6 NE kR, 5 T W, ESI-MS m/z
379.136 2 [M+Na]', fb 5473 78 C ,H,,05. 'HNMR
(500 MHz CD,OD) 1, 6, 7.11 (1H, d, J = 8.4 Hz, H-
5), 7.08 (1H, d, J = 2.0 Hz, H-2), 6.96 (1H, dd, J = 8.4,
2.0 Hz, H-6), 6.58 (1H, d, J = 16.0 Hz, H-7), 6.23 (1H,
d, J=16.0 Hz, H-8), 4.89 (1H, d, J= 7.2 Hz, H-1'), 4.08
(1H, dd, J = 12.1, 2.2 Hz, H-6'a), 3.88 (3H, s, 3-OCH,),
3.86 (1H, dd, J = 12.1, 5.7 Hz, H-6'b), 3.69 (2H, dd, J =
12.0, 4.4 Hz, H-9), 3.33~3.50 (4H, m, H-2"-5"), 3.37
(3H, s, 9-OCH,); *C NMR (125 MHz CD,0D) i 1, §.
134.1 (C-1), 110.3 (C-2), 150.3 (C-3), 147.9 (C-4), 116.2
(C-5), 118.4 (C-6), 133.7 (C-7), 126.0 (C-8), 74.2 (C-9),
58.1 (3-OCH,), 56.7 (9-OCH,), 103.1 (C-1"), 75.4 (C-2"),
77.8 (C-3"), 71.3 (C-4"), 78.2 (C-5"), 63.0 (C-6"). DL L
NMR $ 4 5 SCRU R 8 B A f I AR — 2
4 RIMRB T HEEMETFIE

PUE A AE A TS VE VRO S5 U7 VR S TR AH 2 R R
I —2,

EE TRk 12 B F TSI w vk, Wi o 5 eI
S B AL BRI SCEE S B S A7 BT AR ) SR S K B
AL B MM 2 5 S M, T2 R R A £ 5 L 2 Y
[ AR H 8 SCE AR B

FET S 535 B TR & v R .
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