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F&EA A *F TGF-B1 i $49 NIH/3T3 20 ji& e % N T Eek-F B, HLOA Z A58 A LA MK FHH4E M . RT-qPCR A&
i LItk R AR, SRR ARk, kT BV Av ANSER A ARG ) 4F 4 AL AB % & B 4 CDH2. COL1A2. a-SMA
HRE, ERDL B RABIELER T, ARTHEFTRALNE A LBRFEFH T COLIAIA ¥ %k, FELARE A M4
BRRERRTAARTET, AFSHE— T RELREAL & FRGERGHGERFARG LN, &Kit &t
BRI BIGEA A X —AP A REFW IR Bl BER AR TLRAGY EATEHT.

KBIE: AR TR, RiltT4; EAREAA; Wi, mhe

FESHS: R285 YRR : A XERE: 1000-3649(2026)04-0032-10

Synthesis of a novel anti-fibrotic drug pentalipone A and its efficacy verification
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Abstract: Objective To design and synthesize the specific metabolite of schisandrin A, an anti-renal fibrosis
active ingredient of Schisandrae Chinensis Fructus, schisanlignone A, and evaluate its toxicity and anti-renal fibrosis
activity in vitro and in vivo. Methods The target metabolite schisanlignone A was synthesized via a 10-step synthetic
route and characterized the structures of the synthesized compounds. Zebrafish model of acute kidney injury and
NIH/3T3 cells were used to evaluate its anti-renal fibrosis activity in vitro and in vivo. Results The results of CCKS8
assay showed that the effect of schisanlignone A on the viability of NTH/3T3 cells induced by TGF-B1 was less than
that of schisandrin A, and schisanlignone A had low toxicity. RT-qPCR analysis in NIH/3T3 cells demonstrated that
both schisandrin A and schisanlignone A significantly suppressed the expression of fibrosis-associated genes, including
CDH2, COL1A2, and a-SMA, compared to the model group. Consistent with these findings, in vivo experiments using a
zebrafish model revealed that both compounds also downregulated the expression of COL1A1A. Notably, schisanlignone
A exhibited a more pronounced inhibitory effect on COL1A1A expression than schisandrin A. Furthermore, both
compounds moderately improved the survival rate and enhanced tissue repair capacity in zebrafish following kidney
injury induction. Conclusion Compound schisanlignone A is a potential, low-toxic anti-renal fibrosis drug, and
demonstrated superior efficacy and reduced toxicity compared to its parent drug, schisandrinA.
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RXAMPEA LI R, RF BE2& CKD & JEAZ O
Jog BEARRAIE 2 U R 3 2RI B e Y S K B [
Z L MURAMEG IR B R TR I, W R
5iEHr, moas e BRIVEH Z 6, #iiliaYT RF
LSBT %2 o PO AF R OCT RE 29991 &
MY, R TEIR T AR e AL ) T B )R 1Y
B O T2 ko gy BT LE i TR 4 A
TR A AR L A S R SR 2R AR Ak . SR, H
T Z iR s, e 25 A ROR A3 R T
RARYT RF MR EE = A 25 ) A 2 5 L R,
ST e 2 i RO AR, e T 25T A
AT B A 6 T T AR = AT RF
AR CHE,

TR ER A ( Schisanlignone A, M5 ) J& 124 H
Bk i 7 —— H WK F B2 H (Schisandrin A, SchA )
M= 4, 43 F 2N CoHs00,, Bl FE 1991 445
FBE %5 A 9-0x0- (+ ) -deoxyschizandrin' ", HHT,
B A WF 58 UE B LR 7~ BES 38 i 1 ) TGF-B/Smad 8
B O g A N R SR L e s sz AR
1 9E 5 40 i Ah 3k B ( Extracellular matrix, ECM )
g SN R G A AL R, R — A
KA R TR ARG A S A 4T RE 254, 110 78 /i)
e, X R R BLr il sl o A T T i
FIGGAIE . 3 3 K B % 5 HE A LR By 2, A
KPR RF R, ARFHARIEE M SchA
M A, LA = MS I X R HEPL AT 4 ik
PERTTSL e, TR B AR, —ik
THT MS & RS, W R AR SEE X MS 195
PR ZPESEAT T PR MBS UE, /R4 SchA YR
SN, (HHEIE VAR Y MS PeF 41k nd 4 H
W AP TS B . AR B FE HEE LE Sch A 5
FEIE R MS BRSSP FIR N 2558, DLITFAL
MS BT REH
1 MRE5REE®

1.1 ##
1.1.1 w5 3h4h NIH/AT3 4006 & i rh H Rl 2

Bt 20 L R $ 1L . SCB SR R BFAE B AB R B fa,
3 5 K & (5.00mmol/L NaCl, 0.17mmol/L KCI,
0.33mmol/L CaCl,, 0.33mmol/L MgSO,, 0.10% H
HWE), /KN 28.0°C, pH {H N 6.5~7.5, 14h I
A1 10h SRR EE IR . RBP4 L ACiE K 2Fsh )
TRERFE FHZE A s Al it (it . B2025001 ),
1.1.2 a5 n A 22 ) SR R TR

T % [ Alfa Aesar 22 7] #1352 [E Sigma 24 Al F IR
TEEH T Bl YRR R A A (5
JI0GB151241, 4lifF 98% ); TGF-B1 T I35
HH BRI ARAE (H5: 0333587QG09 );
Je ik Je A W T B ICRAE A P H ARG R A (HiE5
CFS202401 ),

113 A& LA 65 — AT ] BTg e
1%, & Agilent Technologies A H] (5. 6230 );
iR, %[ Bio Tek /A w ( #1%5: Synergy LX );
W PR I % 4L, 3% E Agilent Technologies /23 )
(%45 400MHz ); 7NiEiEZOLE B PCRAY, [
Bio-Rad 24 #] (#15. FX Opus96 ); 5% 4% 2 & 5%
B EE, HA Olympus 4 d] (HE. 1X73),

12 M5HNERS4E

1.2.1 M5 #94mk GRUSELKEmE 1 R, Bk
BRI,
LWL ERAMRPT, #3, 4, 5- =HE

ERWEEST R W Er P BE (CH,OH) )
SR IM AT ECE P PRAR R T (WA R 4 s
s TR EERIA ) UYL eI R B sh s, WUE
Wedn BRI . BRE YL oK 5 P ERCT 2k
(MTBE) 7l # 0, WK HIF Tokig 4040 T H
10% F kR L. #1 i BRI 2 4R TR (EA)
PR, KA ZE TR REE Kk, Jk
TR (Na,SO,) T, WEIEZRRRRER, i
HL b S RE AL JZE BT alifb (PR AihiEE (PE) /
EA/ HR =50:50:0.1), AP ULEY 2.

HIR 2 Kb AW 2 SHRAEILF] (PA/C) %
F 100mL H 0 fE latm AR T E R HER
N 6ho SN SE MR, SRR LR, D e ZE R
R, BRELAEY 3.

HIR 3 BALE Y 3 % T 150mL oK LB I
mirE, @i AZA S (KOH ), fFHE 2% i
Ji, AR AR E AL S (CaCly). FfiJ5, 7E 20°C
N2 AT 30mL 1M KOH ¥ ¥ i Bl = 4k
&y (NaBH,) &' Frfd A ERIFR T IR6
Sh, RHI%E 0°C J5 H 10% i $h iR 2 1k = pH MR 1.
oK ZEE W, WORBEZRRR L Ol KAHH EA
A, B IFA VUG R IR A& K pe i . JoK
Na,SO, T4, FIEWRAE . M= ZrE ik 24l
1k (Ve PE/EA=4:1), mZMEAMLEY 4.

L4 ERAIRPT, MRz -78°C
B SN LA (LDA) Wl (1M T PU4 mk
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I (THF) 1, 25.0mL, 25.0mmol) H &8N A
k&% 4 (5.50g,20.7mmol ) ) THF %% ( 20mL ),
RAEY T —78°C i+ 30min J5, A 3, 4, 5- =
HAFZEHFEE (TMB, 4.86g, 25.0mmol ) /i) THF
W (20mL ), 4RZEBEFE 15min. Bl 5 0 A 10 AT &
b (NH,Cl) KEW Lt i, H EA ZEH, &
JEENUME, MU 2N HCL, 7K. 48 FIR R S 4N
TR ER K PR, I JEK Na,SO, T4 Wk 78
KNG 5% B st T 100mL 5 H 4E( DCM )
L, KRN A = 2 B (TEA, 8.0mL, 58mmol ),
LB BF (Ac,0, 5.0mL, 53mmol) K 4- — 4 5t
it iE ( DMAP, 200mg, 1.6mmol), 2 i $it+E 1h,
JN AR 2N HCL, 7K 18 F NaHCO, %5 ¥ Al
EoKpEd, TREREZEREN . REYE TR
., fINA DBU (10mL, 64.5mmol), T 80°C $if ¥
B 1.5 RSIRA Y R L EE R, Kk
FI 2N HCI, 7K. 1 F1 NaHCO, ¥ ¥ A1 3 /K % %,
T 5 W e 4 o HHL W kA E AT 4l ik (PE/
EA=1:1, v/v), m&HBELEY S,

LIRS KibAaW S (6.82g, 15.3mmol ), &

1 M5 BYA R

SR BN K AW (Fe (ClO,) - 6H,0, 20.70g,
46.0mmol ) f =% LR (TFA, 5SmL) ¥ T 50mL
DCM Hr, iRk ROR: 2h ' ORI vk A
NH,Cl /KW . /K. W H NaHCO, iE R AER K R4,
I TE/K Na,SO, T4, WMEZE KER G, 5REY
ZRERAE Z T alifh (PEWER: PE/EA=1:1, v/v),
122G 6.

L6 ¥ 5 T HRAE (DIBAH, 1.5M
H2E% W, 27mL, 40.7mmol ) ZE18 i A 24k-& )
6 (4.50g, 10.2mmol ) Ay 10mL THF % H, 1RE
Yy T 0°C $ig +¥ 30min 0 Bl S A oK 4 B R B
(Na,SO, - 10H,0 ) ¥R, =m4kediitt 1h 5
U, MRS, BALAEY T,

LT ¥tk A&7 (2.45¢, 5.4mmol), 4
Pk P9 R 480 (VO (acac ),, 10mg) Flad %A bALT
% (t-BuOOH, 3.0M T 2, 2, 4- = HI 3 % g
5.0mL, 15.0mmol) T 20mLDCM 1, =i+
45min ", BEGIKYKFH 10% BRACE AN (Na,S,0,)
K. A NaHCO, % W MRk ve i, JFAL
/K Na,SO, T, WIEZE KBRS, Kok v i
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F20mL & H % (CHCL,) 7, Jl A 10mL TEA
Al 20mL H i BE S (MsCl), F 0°C (7K ) ik
1h "2, VARV 2N HCL, 7K. #1751 NaHCO,
PONER K VEM, T E IR G . KL= 2 hE
FEMraif (BEBF PE/EA=2:1, v/v), w53
& 8.

LS. HibEW 8 (2.61g, 4.22mmol ) FiIfill
b8 (Nal, 20.0g, 133.6mmol) & TH ST
i (MIBK, 120mL) v, Jn# (a7 46h, ¥
BARSPMA EA h, ARWHIK . H#1F1 Na,S,0; %
WANER K VEY, oK Na,SO, T4, 2T, 5k
HE (50mL ) %%, INA Zn (3.0g ) F1Z 2 ( AcOH,
1.5mL), % &t £ 48h, il A EA, 4K K A 2N
HCIL. {1 NaHCO, W . #h/K¥Es, Na,SO, T4,
ZZT. MAERERAZEN (VEBLR PE/EA=1:1,
viv) glifk, a9,

LR, KbE9 9 (89g, 0.2mmol ) FlGH 4%
MRMLIEER (PCC, 150mg) AT 10mL DCM H ',
FIRBEFE Sho K5 B EIA 20mL DCM H, KK
F 7K. 2N HCI., 1 #1 NaHCO, & ¥ . $h 7K ¥ %,
Na,SO, T4, Z&+. M &rERAHEZN (HBF
PE/EA=2:1, v/v) &lifk, 53L& 10,

A 10: KibS5 % 10 (53mg, 1.2mmol ) Fi
Pd/C (10wt%, 15mg) &4 T 20mL ) EA 1, 7
F A latm B ST HERE 4he 1 UEER il
), R ZE BRI ML 2R R 2T (R
PE/EA=1:1) 4lift, 1% M5,

122 M5S#%2 ™YL LC/ MS B, ESH
2uL TAEEd A, HARY T R 430.00, 1% 5 1
WEMT., WA a: /K (001 % Tfa) b: ZJE
(0.01 % Tfa); #6 . 1.0min N 5 % & 95 % b;
Wi 1.6mL/min; (jfkE: Agilent SC.0HFEIEE},
30%3.0mm, 2.7um; FE¥: 50°C. R UV (214,
4nm ) FI MS (ESI, Pos #& X, 110~1000amu ) i
AR

1.3 MppsEs

NIH/3T3 i 55 3% F 4% 10 % G4 1 (FBS)
AL R DU 's R Eagle's 15 55 5 (DMEM ) i,
BT 37°C. 5% CO, 4l Ri =4, ARPEA KRB
HEAT AR TN
1.4 CCK-8:X#&MAMARTE 11

W5 o A 1 301 ) NTH/3T3 40 Mg B LA B L 4
5x10° YA Y 2 B 45 Fh T 96 LAk, Jf7E 37°C.,
5% CO, FREE P 1% 3% 24h, 1% B X IR ZH A 254,

FZIAH 3 A AL (D ARAS L B EE ) o
A 10pL ANJEHEEE (2.5umol/L . Sumol/L . 10pumol/L .
20pmol/L . 40umol/L. 80umol/L ) fi) M5 5{ Sch A,
SRIGHF M & 24 B 48h, BFELEHG, AEFLINA
10pL CCK-8 ¥, 4REEWF & 2ho o FH B AR A I
450nm &b I RS ATFAG A MO o R FH A A7 T
Z (%) =[(As-Ab) / (Ac-Ab)] x100 I, As=
SCERFLOERE (SA UM, BEFEIE, CCK-8 FIfsil
L EDFLE G ), Ab=25 AfLIOLE (&f
iR 5L CCK-8 MFLMY IO EE ), Ac= X HEFLI L
B (AU, RiFRAEM CCK-8 MIFLIMGEE ).
1.5 HHEEREE

1.5.1 fmpeynas TR BOTECER g0, 4
X REL] | ERIAL . BHE XS R4 ( Spmol/L JEik e
i) K (3umol/L ). H ( 10pumol/L ). ( 30umol/L )
W FE Y SchA 25 25 2 F{IR( 3pmol/L ), H( 10pumol/L ),
1= ( 30pmol/L M FE ) MS 45 2541, 25 FiAb B 1h
B FRZH LAAN , FFA 4H L) TGF-B1 ( 10ng/mL ) Ab
MIE A4k, fE NI T HE TSR, B 24h )5
FHF RNA $2HUFI qRT-PCR 70 H7, AR E =14
WIREARBR GRS =AY ER .,

1.52 mbsepmhdg KAKDMpEv g h
XFHRZH | RERIZ I (6.25umol/L ), H (12.5umol/L ),
B (25umol/L) ¥ J SchA 25 2§ 40 1 MS 45 24
M, B 15 H, it m 2K =K (3 days post
fertilization, 3dpf) ¥ Ihfa 3= Kl & 1 4T 8ng/uL
PRR TG 2 i T A Ay,

1.6 NIEIRE A

1.6.1 RHAETNERL & F VA4 SchA o
M5 o9 &0 TEEBE S HEZKE R 5 K
(5 days post fertilization, 5dpf) %3 2 /i il 52 ¥ )5
6 K (6 days post fertilization, 6dpf) %524 J5 & ik
BRI BE T £ () FE T8 LA 15 4% 20 B 2 £ 19 77
TH3%,

1.6.2  SRBFSUE F 4 R IR G4k X R m( RT-qPCR )
# 0-SMA . COL1A2, CDH2 #= COLIA1A # mRNA
KF A4 NIH/3T3 20 I BE 2 a2l 21550 B F
WF#k, fiA 500uL Trizol Al 100puL 5415 #2HL RNA,
H Hifair & II 1st Strand ¢cDNA Synthesis SuperMix
for qPCR ¥ % 55 0 3] &5 1 47 300 % 5k il %5 ¢DNA,
R S U 4k 42°C, WEE 2min, 25°C ¥4
5min, 42°C 30min, 85°C Smin, #/aMllA supermix
plus ¥ 1 2 4°C, DL H b -3- B R 0 & il 36 (A
(GAPDH) AN Z:, ffi /1] Quant Studio 6 Flex R4E
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Ko a5, {3 Yeasen Bio ( F[E i ) 2\ H)
i Hieff ® qPCR SYBR Green Master Mix 1 A7t
FERIA], FHFTIO0,

JE 1 PCR 471G LUK I £5 20 NTH/3T3 2 fifd 2H 21
oo SEH AU E F A (a-SMA ), o2- T B R
HH (COL1A2), Messzif K (CDH2) 1Y
mRNA ) 335 K P FBE Sl 20 1) ol- 1 AR

LK COL1IATA B mRNA BFEKF o i 44

95°C Tl A2 ¥ 10s, 60°C & ¥ 30s. SR J57E 95°C T
5min #HAT—MEH, 7E 95°C T 10s 1 60°C F 30s
AT 40 DER . PGB H A . 519)F 5 L
FEEAEYRHLARA G, MK 1 PR, &4
Y1385, [ AACE B:18 a-SMA . COL1A2
Al CDH2 1) mRNA (X} 357K .

£ 1 PCR FTHSIYFH)
JEI 3145751

5'-CATCACTGCCACCCAGAAGACTG-3'
3'-ATGCCAGTGAGCTTCCCGTTCAG-5'

GAPDH

5'-TCCGACACTGCTGACAGAGG-3'

a-SMA
3'-CACCATCTCCAGAGTCCAGC-5'
5'-CCTGGTCAAACGGTGAGAAC-3'
COL1A2
3'-CACTTACATCCTCACCAGCC-5'
CDH2 5'-CTCGCGGATAACCAGAAC-3'
3'-GAGGATGGCAGGAACTTG-5'
5'-ACCTGATGGAAAGACCGGAC-3'
COL1AIA

3'-GCACCAATAGCACCCATCAC-5'

¥ : GAPDH Ny H i -3- BRI AL, o-SMA K a- I UL
ML, COL1A2 Jy a2-1 BUE AL N, CDH2 Ay &40 %6 %
FISEH, COLIALA Jy al-1 BURIE LR,

1.6.3 7 K4F — 474 & & % ( Hematoxylin-eosin
staining, HE) WLARE T I G 9 PR %
£ (MFEWiadr)a 1d) 3d )5, S4B 4%
2R [ 2 24h, AR, YR EE R Sum,
HE Y6 J5 627 W 3sBe T W SR B 5 £ B I 41 200 B
A
1.7 SatZEAsE

5% k% H GraphPad Prism 10.1.2 #k{F#E47 804
SIHT AL B R ST T RPERLL (X £s ) FR,
Z 48] LR R E 5 2 40 B (One-way
ANOVA ) Kz 56 , W41 EE 2 18] LR F LSD-t A6 56 .
DL P<0.05 Ry 225 BA Geit 3 3L,
2 & B
2.1 M5SHIER

SEEGLL 3, 4, 5 - = HURSROR HEE R 1R SRR,

A Sch A TEA N A AR = PIE X M5, & i dE 2
W RGN BR R R RE IR A 5 S L T 7™ i oA
PRI 2 o, B S5 REATT o

&2 M5 HHLEY) 2-10 Walifl)m ™ i 57 R4

e o A
k&2 9.95g 63%
k&3 10.22g 25100%
k&4 5.50g 63%
& s 6.82g 75%
L6 4.50g 66%
&7 2.45g 54%
&8 261g 77%
k&9 9 89mg 5%
L& 10 53mg 59%
M5 10mg 19%

22 MSHIEE

FEAR A3 B3 o WA 3] — N1 4 3 7 1% m/z
430.9 [ M+H ] + (C,H,,0, B+ M 431.2) 0
E 2 Fir, BiAHsr 7208 CLHy0,, AR 10,

M5 ()5 & F1 H-NMR & LR 1. "H NMR
(500 MHz, CDCl,) 86.44 (s, 1H, H-9), 6.41 (s,
1H, H-16 ), 3.90 (s, 6H, 12-OMe & 13-OMe ), 3.88
(s,3H, 10-OMe ), 3.84 (s, 3H, 15-OMe ), 3.73 (s,
3H, 11-OMe ), 3.55 (s, 3H, 14-OMe ), 2.99-2.92
(m, 1H, H-7), 2.85 (dd, J=4.5, 3.5Hz, 1H, H-5),
2.61 (dd, J=14.5, 8.4Hz, 1H, H-5 ), 2.35-2.26 (m,
1H, H-6 ), 1.08 (d, ] =6.9Hz, 3H, H-18 ), 0.83 (d,

B2 k&Y MS - H 1 H4sH
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J=7.0Hz, 3H, H-17),
2.3 XTRRRSE N ME I

J T WESE MS XA TS Ty sg ), Jf A S
SchA )22 5, A6 ¥k B ) M5/SchA 43 il 4b 3
NIH/3T3 40fifd 24h =% 48h, FJ CCK-8 ik5Mz . #
20 9 35 77K I 2% 55 A Graph Pad Prism 10.1.2 %
22 i A M AR CIEL 3 ),

gE HLJE W, MS Fl SchA 7 45 25 24h N X 41 fifg
16 1 G WA HIAE L (H Y 45 25 i) [A] 4E K =8 48h
I, PR 25 17 80umol/L By ¥ B AT — 5 A4 il AE
I, H MS XF 40 B 36 J1 09 5 /N F SchA. B I,
SRS R R, B, . & A,
e 43 5 4 3umol/L. 10pumol/L 1 30umol/L. I
Ak, FATH]H ProTox 3.0 7E 2k T. H. ( ProTox-3.0 -
Prediction of TOXicity of chemicals ), X} {54 SchA

3 SchA Fl1 M5 XF NIH/3T3 4 fitLi 1 52 [

FTMS (1) 30 M BB R 5 (LDS0) #6471 4>
Bro #53H Wx, W3 1) LD50 {H ¥ 1000mg/kg
(FE4), EEEZNZ, MS B AP S %
/0 F SchA, FH M5 (9814 L SchA /)y, 53],
1T CCK-8 52 56 Hh WL £ 2] 114 240 A 115 7 410 1 B3 9 e —
;.
24 NTREEEAFAEEREm

#F— 4 3 3 qQRT-PCR # M5 K H: J5 Y g,
43 SchA X NIH/3T3 41 il v £F 4k £k AH 3¢ 56 X % 5%
KBy 52w (B 5), H CDH2. o-SMA DL}
COL1A2 54F4efb it e S IEAH G . 2 B2 4F 4 b i i
RURRAE 2 B SR TR A G . T 28 Ji JA 2 5 1 A
BT dE A A ) B AT e IR R, fEGi D
AR EREZOER. FHit, W6 1 AR RE AN
DUBUZ TG RF Flid BERIRE s B2 k2 —.

¥: A: 24h SchA X NIH/3T3 4 Jifl{f J 5% ; B:24h M5 X} NIH/3T3 ZHifli% JJ52M; C: 48h SchA %I NIH/3T3 4 i % Ji5209; D: 48h M5 Xf

NIH/3T3 ZHETG 1 520
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4 SchA F1 M5 [ FE T &
W: A: SchA IOTEPESSLHINIE . B: M5 IOTEPESELHINIE; C: SchA Fl MS [URFHERE AUBTIIAL,

R LE TGF-BL SRR LM, 525 R4 LA SR B ) s AR M i il 4 . 3
A IR b R B . Jekjesn CRPEXTIR ). b, M5 7Eids 1 BUR & A iR COL1A2 J5
SchA Fl M5 4b BEY LML I U H COL1A2, £F  mRBLI W R it T [ B E A it
e bR 5 CDH2 F1 a-SMA SEAH G EE N B TR, BRI ARG st TGF-B 3T 8 H 5 it i TGF-B
A B [ B X IR R K. M5 R SchA X B FIClFZ5& i 09, o) 28 eI M5 Fl SchA
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Bl 5 M5 il SchA X NIH/3T3 2 H £F 4 Ak AH Ok PR 53 ) 52 i)
W A: o-SMA K:[H; B: COLIA2 3:[H; C: CDH2 3:[H, a-SMA K o- “FHF WUILEH A 3L, COL1A2 2y a2-1 UG FIEH ,, CDH2 JyfliZ855
FHE AP, *P<0.05, **P<0.01; XTHRAL: 2511, MM TGF-B i FICHZG, BHPEXTIRLL: TGF-B S +Sumol/L JEikJE i, 3. 10, 30 41

3B FE TGE-B 755 +3umol/L ., 10pmol/L, 30pmol/L JHZY .
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