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Two new lanostane-type triterpenoids with antidepressant activity
from Ganoderma lucidum
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Abstract: Two compounds were isolated from the traditional Chinese medicine Ganoderma lucidum using
various chromatographic techniques. Through methods such as one-dimensional (1D) and two-dimensional (2D)
nuclear magnetic resonance (NMR) spectroscopy, both compounds were identified as new lanostane-type triter-
penoids. Their absolute configurations were determined via quantum chemical calculations, and they were named
baoslingzhines X and Y (1 and 2). In vitro and in vivo experimental results revealed that these two compounds
exhibit potent activity against neuroinflammation, oxidative stress, and depression. All animal experiments were
approved by the Institutional Animal Care and Use Committee (IACUC) of Shenzhen University (approval number:
IACUC-202400148).
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Figure 1 Structures of compounds 1 and 2
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3. FRFEAL AL A C-T (5, 200.6) [k 2= AL
P HE W7 C-7 50 A7 AE — A~ B 3 BOAX 17 J oK 1 0 AR
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Figure 3 Experimental ECD curves together with calculated ECD spectra of 1 and 2
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Figure 4 Cytokines level in BV2 cells supernatant by enzyme linked immunosorbent assay. Control: Control group, receiving an equal

volume of PBS; LPS: The model group, treated with the inflammatory inducer LPS; LPS+1/2: The experimental groups treated with

compounds 1 or 2 at different concentrations. n =4, x 5. "P < 0.05, P < 0.01 vs control group; P < 0.05, P < 0.01, P < 0.000 1 vs LPS

group
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Table 1 'H (600 MHz), "C NMR (150 MHz) data of 1 and 2 (J in ppm, J in Hz). “Recorded in methanol-d,
N I >
0.
6” (5(‘ (SII 5(‘
1 188.2, C 3.97,dd (9.4,7.3) 85.0, CH
2 521, 97.9, CH Ha: 3.00, dd (12.4, 9.4) 42.7,CH,
Hb: 2.69, dd (12.4, 7.3)
3 207.5,C 215.9,C
4 453,C 46.2,C
5 2.16, dd (14.5, 2.8) 50.9, CH 2.47,dd (12.7,3.5) 48.7, CH
6 Ha: 2.69, dd (16.8, 14.5) 36.9, CH, Ha: 2.57, dd (16.6, 12.7) 36.7, CH,
Hb: 2.44,dd (16.8,2.8) Hb: 2.38, m
7 200.6, C 201.8,C
8 138.5, C 135.4,C
9 156.3,C 164.3,C
10 44.5,C 43.4,C
11 5.60, dd (11.3, 8.0) 83.5,CH 4.57,dd (9.0, 7.9) 76.7, CH
12 Ha: 2.62, dd (11.3, 8.0) 34.3,CH, Ha: 2.40, m 34.5, CH,
Hb: 1.89, t-like (11.3) Hb: 1.80, m
13 50.4,C 492,C
14 498,C 50.4,C
15 Ha: 1.97, t (10.8) 30.8, CH, Ha: 1.94, m 31.5, CH,
Hb: 1.76, m Hb: 1.77, m
16 Ha: 2.09, m 29.2, CH, Ha: 2.08, m 29.5, CH,
Hb: 1.48, m Hb: 1.47, m
17 1.67, m 49.5,CH 1.63, m 49.4,CH
18 0.98, s 17.0, CH, 0.91,s 16.7, CH,
19 1.50,'s 18.5, CH, 1.14,s 18.7, CH,
20 1.58,m 37.2,CH 1.54,m 37.3,CH
21 1.09, d (6.5) 19.3, CH, 1.06, d (6.3) 19.3, CH,
22 Ha: 1.63, m 36.1, CH, Ha: 1.61, m 36.1,CH,
Hb: 1.26, m Hb: 1.25, m
23 Ha: 2.28, m 26.5, CH, Ha:2.27,m 26.5, CH,
Hb: 2.19, m Hb: 2.16, m
24 6.79, 1 (6.8) 144.1, CH 6.79, t-like (7.6) 1442, CH
25 128.9, C 128.8, C
26 171.7,C 171.7,C
27 1.82,s 12.4, CH, 1.82,s 12.4, CH,
28 121,s 21.2, CH, 1.09,s 27.6, CH,
29 1.10, s 29.2, CH, 1.09, s 19.0, CH,
30 0.96, s 26.1, CH, 0.98, s 25.5, CH,
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W E) o AR, AP0 1.2 RG] 3 35 M s ik
bR (B 7). LA EZUREM, a2 B BE M
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H 7 61X (Anton Paar 24 A]); [l — (LG (N 64
] ); SP 5030 A 2 i) 5 e MOBUAH (i A (T 58
BB R A IR 2 F)); AB SCIEX triple TOF X500R &
53 HE IR %X (AB SCIEX 4 #]); Bruker AV-500 MHz
AV-600 MHz 1% i 35 9% 38 3% 4% (LA TMS N N b, 18
Bruker 2 #); MCI gel CHP 20P 3} (70~150 pm, H 7
=350 7]); YMC gel ODS-A-HG #£} (12 nm S-50 pum,
H A YMC 2 7]); 2 il % SEP Basic C18 f4if 4 (120A
5 pum, 250 mm x 10 mm, Jb 5% 2 3 80 BB A R 2
F). MK 748 (32 [E Thermo Fisher Scientific 24 &]);
BEEARAX (35 [E Bio-Tek 2 A); i i 28 HHBOG I R AR B4l
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Figure 5 ROS (n = 5) and NO (n = 4) levels in BV2 cells lysate Q%XQ
3

or supernatant by kits. Control: The control group, receiving an
equal volume of PBS; LPS: The model group, treated with the
inflammatory inducer LPS; LPS+1/2: The experimental groups
treated with compound 1 or 2 at different concentrations. x + s.
"P<0.01,”"P<0.000 1 vs control group;“P < 0.05, ##p <0.000 1

kA

vs LPS group
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Figure 6 Mice pole climbing and hanging tests to assess motor
function. NC: The normal control group, no treatment; LPS: The
model group, treated with the inflammatory inducer LPS; LPS+1/
2: The experimental groups treated with compounds 1 or 2; LPS +

Fluoxetine: The positive control group. n=5,x s
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Figure 7 Antidepressant effects of compounds 1 and 2 in mice.
NC: The normal control group, no treatment; LPS: The model group,
treated with the inflammatory inducer LPS; LPS+1/2: the experi-
mental groups treated with compounds 1 or 2; LPS + Fluoxetine:
The positive control group. A: Body weight; B: Sucrose preference
test; C: Tail suspension test; D: Forced swimming test. n =35, x + 5.
P <0.05,""P < 0.001, ""P < 0.000 1 vs NC group; “P < 0.05,
#p<0.01,""P<0.000 1 vs LPS group

Hk ok

RIS E U2 T T 504 500.0 kg, ¥ ¥ 5
1 80% B [FIALAR I (2 x 3 000 L x 3 h), 5 Jf [E1 LK,
PR W G 20 L EEVR, (SRR E (£924.6 kg)o KR
B HEAKRE G, ISR IR LBERE 4 K, JE %
Y158 TR LEEHBALRE (115 kg)o 4 MCI gel CHP
20P SAH (35 K DL R I -7K RS0 (40%~100%) 6 52 3%
Jli, TLC M0 5 JFAH R &R 2, 1520 17 447 Fr. A~Q.
£ HPLC-DAD-ESUMS £ il 43 #7, i 4% Fr. K #4720 55
aifk.

Fr. K (379.0 g) £ MCI gel CHP 20P #E ¥ i ¥ it
(T EE-7K, 30%~100%), 15 2] 7 /> 4H 4> (Fr.K.1~Fr.
K.7). Fr.K.7 (36.2 g) &RV )5, 1553 MIEAH
5y (Fr.K.7.1~Fr.K.7.3), H 5 2 N4 7 Fr.K.7.2
(21.0 g) £ RP-18 k (FEE-7K, 70%~100%) 43 & 153 £
6 Bt (FrK.7.2.1~Fr.K.7.2.6). FrK.7.2.5 (7.1 g) &EtIK
I A5 F| 3 AN Sy (FrK.7.2.5.1~Fr.K.7.2.5.3), H:
H Fr.K.7.2.5.3 (855.0 mg) £ %k i K 43 25 f5 X 19 F
2/NMHSy (FrK.7.2.5.3.1 MFrK.7.2.5.3.2). FrK.7.2.5.3.1
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(387.8 mg) £ Y-l % WA HPLC Jx B 4153 2L &9
1 (FEE-/K, 81%, 7K F%5 0.05% TFA, #iti#: 3 mL-min”,
t, = 20.1 min, 1.60 mg) FL &2 (FFEE-/K, 79%, KH
£ 0.05% TFA, Jiti#: 3 mL-min’', z, = 17.9 min, 2.73 mg).

EREE HEWL, At BT HE. (o]
+145.4 (¢ 0.04, MeOH); UV (MeOH) Z___ (log ¢): 256
(4.29), 218 (4.29) nm; CD (MeOH) 1_,_ (de): 309 (~14.6),
259 (+59.6) nm; HRESIMS m/z 481.293 4 [M+H]" (Calcd.
for C,,H,,0,, 481.294 9); 'H and "C NMR %#5 1.3 1.

&2, AR, T HEE. [a]f +96.5 (¢ 0.06,
MeOH); UV (MeOH) 2 (log ¢): 218 (4.58) nm; CD
(MeOH) 4, (de): 295 (+10.0), 248 (=12.0), 222 (+15.0),
218 (+13.4), 212 (+18.4) nm; HRESIMS m/z 483.309 7
[M+H]" (Calcd. for C,H,,0,, 483.310 5); '"H f1*C NMR
B W& 1.

YHREEEFE  BV2/D BN AR IR T 10% G
A 1% (FBS, Gibeo, %5 2094468CP) () DMEM/F-12
K 7% # (Thermo Fisher Scientific, 175 A4192001) H,
BT 5% CO, IR =AM -

YHREFE IR ¥ BV2 A SR T 96 FLARIA,
WEEES I 5, AR BE A & A B4 i, 1597 24 h
J&, 1% B CCK-8 i & (B 22424, 775 40203ES60) 1)
SEG AT A AR R

B BX 2 R IR P SE38 — AL & (NO) #& F0 48
A ROS ZEME K BV2 44 T 24 FLI, i
BGERE 5, 7 M FIRER G140 )5, 5
1 ug-mL"' i§ Z 4 (LPS, Solarbio, L8880) JL[Fl & 10 h,
WA A RS R, 4 °Co& 1 F BS540 15 min (3 000 rmin™),
W B3 REAT R 69206 . i 3% ELISA W7 & (Fiy bk
A=) Ui B AT — S AL B T & (Beyotime, S0021S)
W B AT R

B J5 I 500 pl 10 umol-L™' f) DCFH-DA (Yeasen,
175 50101ES01), 7£37 °CHHRIEEIR4H BT H 30 min,
T AT T WS ROS %8 M50

YRR AR SRR Z e 548
RSl G UE S TACUC-202400148). 525 %
8 JEI IS CSTBL/6 METE/NER, W H T 2R B A W = 25 FHE:
A R 2 FEFATE [SCXK (H) 2023-0066], W 3K J5 148
RHAFEIE OGNSR LA o AR IR IR B 4 KR 1 24~
26 °C IR % 60%. W AILAFER A L50. LIH R
TifH o IEHXRA (NC): C57 /) B s v 5 A 3 25 K
(100 pL&F 10 g/ H). LPSHLAYLH: C57 /N iR HE i v 45
lEZ ¥E (LPS, 1 mg-kg"), LA 252 K. LPSHLAEW
1241 7655 IR LPSTEST 4 h )5, i@id &4 25tk &4
1802 (R 2 mg-kg"). LPSHEPGITA: fELPS 424 )

4 h, BF H B CE S G PETT (B2, 10 mg-kg ™).

TTAEEN SR IR N AR 1 h R
YO AT QA= S G /8 4 SIS | R B 4 52560+ B B2 S8
ISHE UK 5258, 47 A 2 LRI AR S e i R R
SCHRM o AP K/ BRUBCE 7E BLAR A 10 mm. =1
950 em FFF T T o, 1o S5 H M TR 78 2 21 i &8 BT /7
IFIR] o el I /N BB T Xk S 9 e ) W 5%
PRI [R) (e R ) R 1) 24 90 s, i8Ik 90 s NI v 4t -1
90 s). & &L (tail suspension test, TST): ¥ /N fR i
BT ISE IS % 1 h DUE NS 5, H R AT e B 9
[i5] 7€ 7E B9 Hb I £ 40 em (AN BHAC 7 T8 BERLRG 1] (K
20 cm. % 11.5 em. 155 55 cm), 1C3% 5 min 4 /) BR 32 2
i} 18, {4 FH VisuTrack Video #AFHEAT 23 #7 . 5RIE V7 Ik
SEYG (forced swimming test, FST): SZ 56 J 46 Al #E 45 =
50 cm~ EL4% 20 cm 1% B R AR TE 25 2%, BH 2925 cm 1=
JERIIK, KR LI 25 °Co /NG R FREE 1 h &, K K
A 7K S min, 8 1T VisuTrack Video 34 (L ¥ ik 30)
I3 BT/ BROEETE AN B B[] o BE 7K A 4F S2 58 (sucrose
preference test, SPT): ¥/ R AE/KIS W G, HIEAFE, [FH
I 45 — A — R B D 1% [ BEBE 7K, 10 h 5 1R
T, 43 AAE AR 1% B K E A& . /D BRI K
Tl = 1% FERE K FER/ OKIHFER + 1% BERE K
FE&) x 100%-

Gt FE S SR EE# T GraphPad Prism 10.4
WAFHEAT AL B, DL EME + SEM (means + SEM) £ .
K H BN R T 24 M1 (one-way ANOVA 16 56) 75 75 i#
AT AR A 22 SR EL A T . P < 0.05 W4 I) 22 5 B A 4t
R

PR TRk: J7 LRI R AR SCII SR — 1R 28 =1 2,
BT AE DI BRI X T AR SO AR, TR
Y5 ZEMESF AR SC I B DU A 2, 6 Bt A 1 A R SC
B KN AR SCIIB IR, 5T e 06 4R SR, IF
XoF 30 E AT B D A

FERIRSE: B 1E# 1 75 B IA FI s oe .
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