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Abstract: Anti-renal fibrosis activity screening was performed on the extracts of Liguidambar formosana via
the activity-tracing approach, which led to the identification of the bioactive fractions. Subsequent separation and
purification afforded seven abietane-type diterpenoids, including one new diterpenoid, liquidformosane A (1) and
six known ones. The planar structure of the new compound was established by nuclear magnetic resonance
spectroscopy (NMR), and its stereoconfiguration was confirmed by quantum chemical calculations for simulation
and prediction of electronic circular dichroism (ECD) spectra. The Western blot method was used to evaluate the in
vitro anti-renal fibrosis activity of compounds 1-7, and the results showed that compounds 5-7 all exhibited
significant anti-renal fibrosis activity.
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Figure 1 Structures of compounds 1-7
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Table 1 'H (600 MHz), °C NMR (150 MHz) data of 1 (6 in ppm, J in Hz)
No. Oy Jc No. oy Jc
1 Ha: 2.20, dt (12.8, 3.0) 35.4,CH, 11 7.12,d (8.1) 121.7, CH
Hb: 1.73, m 12 7.22,dd (8.1, 2.0) 125.4, CH
2 1.81, m 18.5, CH, 13 143.5,C
3 Ha: 1.82, m 35.8,CH, 14 7.07,d (2.0) 124.3, CH
Hb: 1.76, m 15 76.7,C
4 46.2,C 16 1.51,s 28.0, CH,
5 2.92,t(2.9) 46.5, CH 17 1.51,s 28.1, CH,
6 5.81,dd (9.5,2.9) 130.0, CH 18 183.2,C
7 6.55,dd (9.5,2.9) 128.6, CH 19 1.41,s 17.8, CH,
8 132.6,C 20 1.09, s 20.9, CH,
9 146.2,C 21 3.06, s 50.8, CH,
10 37.3,C
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Figure 4 The cytotoxicity and anti-renal fibrosis activity of compounds 1-7. Dose-response relationships of compounds compounds 1-7
in NRK-52E (A) and NRK-49F cells (C) via CCK-8 assay (20 pumol-L", 48 h). Effects of compounds 1-7 on fibronectin, collagen I, and
a-smooth muscle actin (a-SMA) expression in NRK-52E (B) and NRK-49F cells (D) by Western blot (20 umol-L™, 48 h). GW788388 (GW)

was used as a positive control
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Figure 5 The effects of compounds 1-7 (20 umol-L™, 48 h) on the expression of kidney fibrosis-related proteins in NRK-52E (A, B, C)

and NRK-49F (D, E, F) cells. The results are represented as mean = SEM, n > 3, one-way ANOVA. "P < 0.05 P < 0.01, " P < 0.001, P <

0.000 1 vs DMSO treated group; "P < 0.05, "P<0.01, P <0.001, "™ P < 0.000 1 vs TGF-f1 treated group
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Figure 6 Dose-response relationships of compounds 5—-7 in NRK-52E (A) and NRK-49F cells (B). Representative Western blot bands

showing the effects of these compounds on the expression of fibronectin, collagen I, and a-SMA at different concentrations in NRK-52E and

NRK-49F cells
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HAERIT B WE LR 4k AL 5 1 AT B BB 1R
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FENE B SP-5030 HY - i) £ VA i AR~ i) % FH
SEP Basic C18 f4 14 (250 mm x 10 mm, 5 pm, 120 A),
Bl AL T B A IR A ] Anton Paar MCP-100 %
FAWMIPRAX (B 1] Anton Paar 23 7]); JASCOJ-815 [ —
A (H A JASCO 2 #]); Bruker AV-600 MHz
AL (TMS f# ] %, 74 [E Bruker 24 7); SCIEX X500R
QTOF & 43 # i 1% 4% (3% [E AB SCIEX A #)); fill % F
YMC-Pack ODS-A 4% 4% (250 mm x 20 mm, S-5 um,
12 nm, H A& YMC A #)); il % # 2 f3 (PTLC) XM &
By g Al A PR A & A P2 AR R GF254 BUHEAT 4355

WE AR AR B [ 2 e 28 dd PSR 1B 76 M 4E T
AR B E B R 7, P s 3 AR bR b £ 260537~
28°02'\ A4 98°54'~99°34' Mg T 2018 4E 7 H K 4
IR FEHE, Bz R 2R EOR AR e . R
K (w'5 CHYX0671) BLRAE T IRIIK 2 25 5B
1 RS SE

HUEF AR I 50.0 g, #n 4 J5 SR F 2GR 2 IR 8 75 Hi2 X
(200 mL x 3, BiX 4 h)o $EHCEFE R i S B, &
HIRBUBKR 4, B3R E 50.0 go K32 & F 7
J PR Ak AL S T 0 5 0, B S R & VA, i ok
f: YMC-Pack ODS-A ik, #3254 1210 nm;
R =R, 30%~100% & 6 B FE BE i 120 min, Ji &
7 mL-min”, #E47 4070 )45 . 8 min B PNIE TG H I 5
FEO6 7 BOWCAE A W, 1468 5 min 70 BedE . Bk g
BSOS % 13k, & A R R ) B v o), B A5
FFX-1~FX-31 431 M5y

X il £ 5 B AR B 31 AN 4 AT PUE A 4TS
PEAI 0, XT3 1 2 25 4 4 1 S 54T HPLC FI TLC A&
W, 0T o AR B i, & I Ja ik — 20 B alifk, 3R
13— 3G ML A5 JF K FH NMR fl ECD %5 33 i 4 R
5E AL B W) G5 R B AR R B S . T A 4 FX-9
(421.1 mg) F P % & 200 A B 1% (HPLO), 1% 2%
4 SEP Basic C18 & i # (250 mm x 10 mm, 5 pm,
120 A), Kl 9% K 210 F11254 nm; A3 =R, Fsh (F
fiz - /K - B 2, 68:32:0.04; i : 3.0 mL-min") 5 &
5 #2441 5 FX-9-1 (¢, = 30.6 min) fl FX-9-2 (¢, =
32.6 min). FX-9-1 FH il 2% B4 3 2 43 (A v 15— 74
3:2), X B IF 50 min, 73 BS54 E P 1 (3.5 mg, R, =
0.35) 12 (7.8 mg, R, = 0.45). FX-9-2 [f] 41 2 1 % 7
Ak g, 7 s 3 (352 mg, R, = 0.30) Al 4

(60.9 mg, R, = 0.40). 14145 FX-14 (233.4 mg) A}
il £ 784 SEP Basic C18 a1 4%, Il K 210 A1254 nm;
KR 2 R, FANAH (I -7K - R, 80:20:0.04; it
3.0 mL-min) 7 B 4L 3 B 5 6 (7.5 mg, £, =
22.6 min) f15 (8.6 mg, ¢, = 32.1 min). 3 V4% FX-
18 (256.0 mg) H ¥ il % % SEP Basic C18 &4, il
WK 210 #1254 nm; 0 = iR, WA (FEE- K-
fi, 78:22:0.04; ik : 3.0 mL-min™) % & 46115 21k
417 (40.7 mg, t, = 40.1 min).
2 HFEHEE

&1 A EE A, [a]) +45 (c 0.05, MeOH);
UV (MeOH) /. (log ¢): 264 (2.58), 220 (3.09), 200
(3.01) nm; CD (MeOH) 4, (de): 265 (+1.29), 244
(-0.23), 233 (+0.96), 216 (-7.77) nm; HRESIMS m/z
329.212 0 [M+H]" (it 548 4 329.211 1, C, H,,0,); 'H
A1TPC NMR 3 2% 1.

&y 2: i 44, HRESIMS m/z 315.195 8 [M+
H]", 7 73X~ C,H,,0,, '"H NMR (CDCl,, 600 MHz) 6,
1.08 (3H, s, Me-20), 1.40 (3H, s, Me-19), 1.57 (3H, brs,
Me-16), 1.57 (3H, br s, Me-17), 2.91 (1H, t, J = 2.9 Hz,
H-5), 5.82 (1H, dd, J = 9.5, 2.9 Hz, H-6), 6.55 (1H, dd,
J=9.52.9 Hz, H-7), 7.13 (1H, d, J = 8.1 Hz, H-11), 7.30
(1H, dd, J = 8.1, 2.1 Hz, H-12), 7.17 (1H, d, J = 2.1 Hz,
H-14); "C NMR (CDCl,, 150 MHz) J. 35.4 (C-1),18.4
(C-2), 35.8 (C-3), 46.2 (C-4), 46.5 (C-5), 130.2 (C-6),
128.5 (C-7), 132.6 (C-8), 146.1 (C-9), 37.3 (C-10), 121.8
(C-11), 123.9 (C-12), 146.8 (C-13), 122.9 (C-14), 72.6
(C-15), 31.8 (C-16), 31.8 (C-17), 183.7 (C-18), 17.8 (C-
19), 20.8 (C-20). DL % 5 3 aRVHRIE B A — B i)
T 5E AL AW 2 N 15-hydroxy-6-en-dehydroabietic acid.

b4 3: 0 [E 44, HRESIMS m/z 331.190 6 [M+
H]', 4> 7N €, H,,0,, 'H NMR (CDCl,, 600 MHz) 4,
1.22 (3H, s, Me-20), 1.29 (3H, s, Me-19), 1.50 (3H, br s,
Me-16), 1.50 (3H, br s, Me-17), 3.06 (3H, s, MeO-21),
7.21 (1H, d, J = 8.3 Hz, H-11), 7.15 (1H, dd, J = 8.3,
2.1 Hz, H-12), 7.04 (1H, d, J = 2.1 Hz, H-14); "C NMR
(CDCl,, 150 MHz) d, 38.0 (C-1), 18.6 (C-2), 36.8 (C-3),
47.5 (C-4), 44.7 (C-5), 21.9 (C-6), 30.2 (C-7), 134.7 (C-
8), 148.0 (C-9), 37.0 (C-10), 124.2 (C-11), 123.5 (C-12),
142.7 (C-13), 126.5 (C-14), 76.8 (C-15), 28.1 (C-16),
28.0 (C-17), 185.1 (C-18), 16.4 (C-19), 25.2 (C-20),
50.8 (C-21). LA FHE 5 SCHRHRE Fe AR — 55, #fif 2
4% 3 4 15-methoxydehydroabietic acid.

&) 4: A LE K, HRESIMS m/z 317.211 1 [M+
H]', 4 F 3N C,H,,0,, '"H NMR (CDCl,, 600 MHz) 6,,
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1.22 (3H, s, Me-20), 1.29 (3H, s, Me-19),1.56 (3H, br s,
Me-16), 1.56 (3H, br s, Me-17), 7.22 (1H, d, J = 8.3 Hz,
H-11), 7.20 (1H, dd, J = 8.3, 1.9 Hz, H-12), 7.15 (1H, d,
J = 1.9 Hz, H-14); "C NMR (CDCl,, 150 MHz) .. 38.0
(C-1), 18.6 (C-2), 36.8 (C-3), 47.5 (C-4), 44.7 (C-5),
21.8 (C-6), 30.2 (C-7), 134.9 (C-8), 148.0 (C-9), 37.0 (C-
10), 124.3 (C-11), 122.1 (C-12), 146.1 (C-13), 125.0 (C-
14), 72.6 (C-15), 31.7 (C-16), 31.7 (C-17), 184.7 (C-18),
16.4 (C-19),25.2 (C-20). LA _F#ds 5 SR i 2 A —
2, W E AL A0 4 9 15-hydroxydehydroabietic acid.

b &915: (0 E 44, HRESIMS m/z 315.194 1 [M+
H]', 4> N C,)H,,0,, 'H NMR (CDCl,, 600 MHz) J,,
1.26 (3H, s, Me-20), 1.35 (3H, s, Me-19), 1.24 (3H, d,
J = 7.0 Hz, Me-16), 1.23 (3H, d, J = 7.0 Hz, Me-17),
7.29 (1H, d, J = 8.2 Hz, H-11), 7.40 (1H, dd, J = 8.2,
2.2 Hz, H-12), 7.87 (1H, d, J = 2.2 Hz, H-14); "C NMR
(CDCl,, 150 MHz) 6, 37.4 (C-1), 18.3 (C-2), 36.6 (C-3),
46.5 (C-4), 43.7 (C-5), 37.9 (C-6), 199.1 (C-7), 130.7 (C-
8), 153.1 (C-9), 37.2 (C-10), 123.6 (C-11), 132.9 (C-12),
147.1 (C-13), 125.3 (C-14), 33.7 (C-15), 24.0 (C-16),
23.9 (C-17), 183.3 (C-18), 16.3 (C-19), 23.8 (C-20). LA
R S SRR A — B, O E A S N T-
oxodehydroabietic acid.

&9 6: B [EH &, HRESIMS m/z 339.193 1 [M+
Na]", 4> F A C,H,,0,, 'H NMR (CDCl,, 600 MHz) §,,
1.17 (3H, s, Me-20), 1.28 (3H, s, Me-19), 1.23 (3H, d, J =
6.9 Hz, Me-16), 1.23 (3H, d, J = 6.9 Hz, Me-17), 4.82
(1H, dd, J = 4.2, 1.6 Hz, H-7), 7.19 (1H, d, J = 8.2 Hz,
H-11), 7.13 (1H, dd, J = 8.2, 1.9 Hz, H-12), 7.21 (1H, d,
J = 1.9 Hz, H-14); "C NMR (CDCl,, 150 MHz) 6. 37.8
(C-1), 18.7 (C-2), 36.4 (C-3), 47.2 (C-4), 39.9 (C-5), 31.0
(C-6), 68.4 (C-7), 135.8 (C-8), 146.7 (C-9), 37.5 (C-10),
124.4 (C-11), 126.8 (C-12), 146.8 (C-13), 128.4 (C-14),
33.7 (C-15), 24.2 (C-16), 24.3 (C-17), 182.7 (C-18), 16.4
(C-19),24.0 (C-20). LA I %¥5 5 Skl 4 18 AR — 5,
I3 T AL o F A R IE G 5 O 0 SCHR B X L I,
WA € AL & W) 6 SN Ta-hydroxydehydroabietic acid.

&1 7: 8 44, HRESIMS m/z 301.216 4 [M+
H]', 73N C, H,,0,, 'H NMR (CDCl,, 600 MHz) 6,
1.23 (3H, s, Me-20), 1.29 (3H, s, Me-19), 1.24 (3H, d,
J=17.1 Hz, Me-16), 1.24 (H, d, J = 7.1 Hz, Me-17), 7.18
(1H, d,J = 8.2 Hz, H-11), 7.01 (1H, dd, J = 8.2, 2.0 Hz,
H-12), 6.90 (1H, d, J = 2.0 Hz, H-14); "C NMR (CDCl,,
150 MHz) 6. 38.0 (C-1), 18.7 (C-2), 36.8 (C-3), 47.6 (C-
4), 44.7 (C-5), 21.9 (C-6), 30.1 (C-7), 134.8 (C-8), 146.9

(C-9), 37.0 (C-10), 124.2 (C-11), 124.0 (C-12), 145.8 (C-
13), 127.0 (C-14), 33.6 (C-15), 24.1 (C-16), 24.1 (C-17),
185.3 (C-18), 16.3 (C-19), 25.3 (C-20). L E%¥E 5
FRU AR A A — F, WO e 4L 5 7 N dehydroabietic
acid.
3 HRTESINE

NRK-52E FI NRK-49F 4 iy DA &g = FF 2> 10° A4 i
()2 FEFERR T 96 FLAR 1, FE1E 7% 24 h DR E 40 i 5
B J5 , 40 20 pmol- L' AL &9 1~T7 b BE 48 ho 4]
3 713455 P 240 B v 0 R (CCK-8, 248 4R 9) #EAT
YAl . oM B 7R 2 5 CCK-8 il #% 1:10 i EL i VR
G, BALINN 100 nL IR & A5, B FRIRAE 37 °C
TEF 1 h, FFAEFEEARAL (3 E BioTek 22 7) #£ 450 nm
BEACKE I E RO
4 Western blot S35

NRK-52e 4il g LL&E 22 T 2x 10* /N 41 il F) 25 B %
T 124U, AL 1 mLB5 573, JERE % 24 h DU I BE .
B 5, 18 F TGF-p1 (10 ng-mL"'; MCE, HY-P7118) #l] i
SR, 43 ) 1F) L i\ DMSO.GW (GW788388) M1k
EWI1~7 (20 pmol-L™), 48 h J5 ffi F RIPA %4 fif 2% 1 it
(EDFRLE /R AR BR A W) ) L4, 2 h s
TR (A B &5 2 A (MIKX) AR PE B 1 7 2 &
Y (YEASEN). # &5 H SR B IK BE AR dE A ), g
10% SDS-PAGE 4} B, Jf ¥ # % PVDF J} (Immobilon-
PSQ, 7% 5 ISEQ00010). 4 5 7E & 5% MWt A &y 1
TBST b b =i 14 1 h, 2R )5 s S — P A,
A G PLLT % 5 1 [EPR23110-46] (#ab268020; Abcam)-.
YUK JE K (1 1 [EPR24331-53] (#ab270993; Abcam) F13
a-FIF WD 8 1 (#A2547; 32 [F Sigma-Aldrich A &)
I 2H 51 GAPDH (/) B L PT, #GB15002, Bl 2E 4E /K
YRR RA R rBRERE, EH ZPiabH, JfHim
b2 R RN R 4 (55 H Bio-Rad) WA 8 (12571

{E & ST TR AP R S A SO 28 — 1 5 F AR = AE
B, ST AR T R R S R R S D AR ST
TARERE, MBI B E SO NI RE RS EE S A
SCHY S DUAE &, 5 BT B A FE AN SR AB B FE AR I ARSI
EIE R, fsT e 1948 S M, IR X SC kAT 1 A

RN FTA 12 3575 W 3 v o8
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