< 3006 - 2554k  Acta Pharmaceutica Sinica 2026, 61(8): 3006-3020

pEE R p-AEREEET SR LENLZTRELEFRIPER

BEs ', KLY OB HEEL B — AREL B4A° £

[

(1. VEFHZGRIK S TEIERIE B, IL T TEBH 110016; 2. [ B2 Rb b b st MIEE 2Bt , 250t FC T, RIR 254
KAz 25 5E 0 5 H 25 001 4 B 5 A s2 36 =, JEET 100050)
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Abstract: Salidroside (SAL), a principal active constituent of the medicinal plant Rhodiola crenulata, exerts
diverse pharmacological activities including antioxidation, anti-inflammation, and anti-aging. However, its
protective efficacy against liver injury and the underlying molecular mechanisms remain incompletely elucidated.
The low oral bioavailability of SAL implies potential interactions with the gut microbiota. Therefore, this study
focused on the metabolic transformation of SAL mediated by the gut microbiota. The results demonstrated that
SAL is metabolized to tyrosol (TYR) in the gut microbiota. Virtual molecular docking and pure enzyme metabolic

experiments further validated the critical role of f-glucosidase (#-G) in this transformation process. In vitro cellular
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experiments have demonstrated that SAL and its primary metabolite TYR exert a synergistic hepatoprotective
effect. Based on network pharmacology screening, hub targets including NF-«B1, ESR1, BCL2, MMP9, and TLR4
were revealed. Furthermore, SAL intervention significantly increased the levels of short-chain fatty acids (SCFAs)

by the gut microbiota in an in vitro culture system. Untargeted metabolomics analysis suggested that SAL may

reshape the metabolic profile of the gut microbiota by modulating pathways including the urea cycle and

tryptophan metabolism. This study provides a novel perspective for a deeper understanding of the hepatoprotective

mechanism of SAL and offers valuable scientific evidence for future clinical translational research on natural medicines.

The experimental protocol was approved by the Laboratory's Institutional Animal Care and Use Committee of the
Chinese Academy of Medical Sciences and Peking Union Medical College (Approval No.: 00009927).
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21 5 R 2 5 K BHE Y K e 40 5 R (Rhodiola
crenulata) 1T /RN ZE . AR (A8 N R IL AN E 24 )
2025 R, 2155 R B a8 A0 I 38 K P A R 2 AR
47 5 R AF (salidroside, SAL) J& 21 5 K (1) 3= B3% M Bk
g, FEPUERE L PUEAL BT R U s &R T TR
AR A EDY . 9T SRR, SAL AT i BUE Nrf2/
GPX4 fli ik B4 2 o4, oG5 N En B 52 SAL ] A
BT Notch {5 5 38 # L ITGB1, Mt fie 3 i % 4= &
FEARP I i 57 BER . R4t SAL & R E i 1 5 g i
e, T TBA-FXR/TGRS {5 ‘5 I B%, ZEfif AFIFAE 115 D7
JH 56 B T 3 & AR JRE Y. SR SAL X ifil B AR
PR I 25 ERAE H O 3R o R, X T
JH-A5 405 1) D4 4 FH 5 M 8 8 R 2 8D 1R SR R 5 ALk AT A
FRRANRE . EAEERZ, SAL 1) H R4 F) H FE
BT, R R 25 W A B M DL i OB, BN HOR 15
B F T REMAE T i N ) A e A R

il AR N 518 F IR E LA VB E BRI AEY)
7, O IAREL = B € SO BRE SR B AN RE
FERH” . FaE H 2 P00 i AR R VLA AR
AEOGRTE B R KN FWE RGE S5 %
TBUHAE T TH R FE O BRAE F 5 T AR 4 A O R U T e
IR 2 PP 1 K A, I8 & IR IR 8 (Prevotella)
JEE FE v T A i D TR A A Ak n B R i e R R kR
B0 FARY P24 5- 2K R R (5-AVA) TR RefE =
MR UK B 15 5 I 7 AR PN, JE B BR B (Enterococcus
Jaecalis) WA 43 1A 20 o 5 A 2= 5 S50 20 O 3K B8 5 47
e H 2538 2 iR 2 I, i T T A LE P 9
RAR A R E AU,

SVERT 4% (acute liver injury, ALID) /& H %5 ™R 1)
A ERAE A  TAR fa) B, FLAZ O s BRAL IO Aot BE SR
FR) 2 E [ 5 A SEBUTT 51 R PR AE T . %) Lk
W (acetaminophen, APAP) 1F 4% i {4 F [ fif #4
BURA 2z —, Hid &R 2 5 32 00 i = 2
JR R 22—, 75 ™ B ALL S 32 s i 491 vh o bE s 4

56%. H A Iih PR e — 1) o5 S P 5 71 V- S B R
% (N-acetyl-L-cysteine, NAC) 597 & I 4 (GB % £ ik
2 J5 8~10 h WA RO, Hoxk © 7% A1 40 g 452 495
Jia B0 SR [ AR A R o PRk, B R HT B AR I 2540
BAEEE . TEkR, BE -7 B8 r 5= 1
SRR, SMEYET P (a0 R & B2 W R ) 1 TS i
FEARAS, AT RE BN T T AL FRLHT AL S50

AWEF B RS 18 W B AE SAL 1A= M e Ak ik
PR ) GBI AR A o JB IS LC/MS™-Q-TOF 4 AR %5 &
SAL F 3= ZAC I F= W % I (tyrosol, TYR). i i il
gy 1 0P8R B AR A Al g SE S, R I B - & BE R
(B-glucosidase, p-G) TEZF AL R IEEE/ERH . AM
1% 55 JE# e AU 4 5 4 BT R B, SAL W] 1S i B
T AR W 3%, 52 e %5 BE S 197 B2 (short-chain fatty acids,
SCFAs) /K I & S AR EHE R . thoh, AR FIL
PPAG T SAL B HARB =4 TYR X ALT GRS 240, I
15 FH W 26 25 B0 22 07 1R B IR LB E R RS s 5 A R
fF51EM. AU FANENE B SAL 1) 1E FH HLH]
PRAE TR, s R s R R AR, NI R BT
“J—IHh Y ALY SRS SR A 1R A B

MR57EE
wEH5RF SAL (it 5: C16672801). TYR
(k5 F2414243) V. Ji& 1E ZE A4 K5 i (castanospermine,
CT, fit*5: 79871). Tris-HC1 & 1  0.25% ik £ 1 g 7
{67  Cell Counting Kit-8 (#t5 : 20250509) . 1 2 £ 2%
MR (PBS) M H AL 5 R T WA B A R A A,
NAC (#it5: KN463093) 1t 5 Jb 5t 9L E RHE A R 2 7]
% B g (Glipizide, fit'5 : KN897322) {E A A #x (IS)
T H LR A RAR . B R . R
) EH Thermo Fisher Scientific Inc.. B§EZI4 H Sigma-
Aldrich 3 7] o bk Ak 5 i (9 246 FE K T 98%.  APAP
(L5 : BI4A9E58584). AN T Bl N LIl 5 p-G (it
51 D1418234825) Sk HIEM AR AR AR . KA
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Wi RN A R ERHCAERA A . AML-12408
VR T o B R B 4 IR B . AML-12 % 85 9% Ak
(#t5: WH1725E091) I F 5 3% 28 4 an BHE A PR A Al
R IR IR (ALT) 76 (5 20251106) K
X AMAIEFELE (AST) W& (iS5 20251106) 1Y
H B 5 AR 2w AT P OE SRR A I H IR (GSH)
BRI (5 ATYD27131) 1 5 LA B R A IR
AF]; T FE (MDA) 77 & (5 G18250923). Hi %
AT (SOD) i 5f & (it 5 : G18251029) Iy H 75
MRS AR A RAF .

LC-MS/MS 8050, LC/MS™-Q-TOF.GC-2014 % 4;
% H H 4 Shimadzu Corporation. #J 4% Jif 5 i 25 0 Ml
(5424 R) 14 H 4% [& Eppendorf 24 7] . 1H 7 #% K (LYZ-
200B) ¥ B R ERAX 2% B A PR A | o Al i i R A
7 (Vortex-3) FI THEMRA, T H MR AR A A .
Molecular Devices 2 7] [f] 2 D e 5L B #% (SpectraMax
i3x) VAt AML-12 4 i 386 5 1% 0

SEIEEY)  SD KL 6 K, HEtE 180~200 g, I H b
BOKFEE S, YA S SCXK (52) 2022-0009. i
HENYAE 2 RS a8/ B o8 12 h, 15 R RF
7E 20~24 °C, ¥ JE PR EF1E 40%~60%) T 35 {R FF H H
HBEEAVRK o BTS2 3635 248 v ] B2 24 Rl 5 25 W T 5
BT SE56 S LS B ) AR R 25 A 2 e (b HE S
00009927).

LC/MS"-Q-TOF ;% % E SAL X84 % Fl Himt
% BT (ESI) 1 LC/MS"-Q-TOF %43 #1 SAL ()&% 7F
R4 . Al Fl Brownlee SPP C18 % i £ (4.6 mmx
100 mm, 2.7 um) 7€ 40 °C R XF £ il £ 5 2E 47 20 28 %
o TLBIAHA N 0.1% H R, s B N LG, — o
U fii 2 B A 0.4 mL-min”. BA K E N 0.01~
20.00 min, 20% B~90% B; 20.00~25.00 min, 90% B;
25.00~25.01 min, 90% B~20% B; 25.01~30.00 min,
20% Bo RSB E W R I #GERIE EE 400 °C; F Ak
AURE N 3.0 Lomin™; SR E DY 10 Lomin™; A0 4%
LR 24 2.04 kV; B0 7R IS 2 250 °C o G
BRI R 4 VU 29 m/z 50~500. HAh 2 %o BR
WEH

LC-MS/MS 8050 il & SAL & E R igt4 X H
ESI ¥ ¥ AH €8 3% — 5 BX T 3 (LC-MS/MS) & i Xt SAL

Table 1
Salidroside; TYR: Tyrosol; IS: Internal standard (glipizide)

Je FAC I Y 3L 4T 43 M7 . 1% ] Brownlee SPP C18 i1
FE (4.6 mmx100 mm, 2.7 pm) 7E 40 °C " X 43 W0 B 5 1
T BSINGE « JBhAH A NK, i shAH B EE, — ook
FE W IE A 0.4 mL-min”s BAFEIRFEN: 0.01~5.00 min,
20% B~70% B; 5.00~9.00 min, 70% B~95% B;
9.00~9.01 min, 95% B~20% B; 9.01~12.00 min,
20% B. 7FE % H B M (multiple reaction monitoring,
MRM) FE4T i 7 1. SAL M HARE I B VEA 25
P TR 1. HAlG A S5 R 5 Ak 28 AR
3.0 L-min™; 588 ¥ & 10.0 L-min; 0 #S &
10.0 L-min™; §* 1 HLE M 4.0 kV; #2 1R A 300 °C;
CID S AK K 774 270 kPa; DL i & 250 °C; in b i
400 °C; HANHEFEERIREE N 4 °C.

SAL RSN 51 3 5 BT R R K 858 SD KR
I N R 3K S, BUBTEE SD K B IE, PBS vk 5
FRE, $% 1 g:3 mL M S AARAL LN 4 °C T 1) A2 21
SRR A& FF A1 o A3 FERE ) % 1.0 mg-mL"' SAL %
7, 1.0 mg-mL" SAL ¥ 10 pL, JIIA 990 uL i %]
K, Witk SAL TE/R R b 1 2R %29 10 pgrmL s fH I
FEIRH 37 °C.800 rrmin” ¥ H 0.0.5.1.1.5.2 h. FliLx
I BT [A] gt J BHE 0 8 R RN 3 A5 R R E 100 ng-mL!
1% 1) b 182 1 B VAR, 4 °C 12 000 r-min”' %50 12 min.
W £E 100 pL L35, 7 LC-MS/MS 8050 R G T & &
3T

SD K FR Uit J5 HORT S 0, 7 VKK I Hh i) 2%
BLAR (42.64 mg-mL™"). fif H H B il % 100 pg-mL"
SAL ¥, PBS il £ 13 mol- L™ i J5E 74 A8 P fric i Ve vl —
AT IR (NADPH) & 4 mg-mL™ FFioki 4 2 3 T4
. 178 uL PBS (0.1 mol-L™") H A 2 uL SAL ¥A 7k
5510 uL AFRCRiAA, 37 °C 800 r-min™ % & 5 min Ji5 37 B
BN 10 uL NADPH J5 3l S B, i OR 05 8 1K 52 H SAL 2%
WPE N1 pg'mL'. 37°C.800 r'min M 5 0.0.5.1.1.5.
2 h, [T ] s EUH, 1Al H A 3 A5 FR 5 100 ng'mL!
7% B0 ML PR [ HR RV VR LA 28 1B O B . 4 °C 16 162 xg 5
> 15 min YUIE & A, B3 pL L& E N LC-MS/MS
8050 R GLikAT E BT .

SALEAIBRMALIBRTIHNREE I
1.0 mg-mL" SAL ¥ 10 uL, fi A A T B ek A T
990 pL, i OR SAL FEAR R I 2K 10 pgrmL'.

Quantification ions and optimized MRM parameters of SAL, metabolite and IS. MRM: Multiple reaction monitoring; SAL:

Analyte  Detection mode Precursor ion (m/z) Quantification (m/z) Retention time/min Q1 pre bias/V CE/V Q3 pre bias/V
SAL Negative 299.000 119.000 3.759 15.0 13.0 11.0
TYR Negative 137.150 106.000 4.391 10.0 17.0 17.0
1S Negative 444.150 319.150 5.252 13.0 22.0 21.0
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TEFEIR 137 °C.800 r'min ¥ & 0.0.5.1.2.3 ho £
SRR E R R ARG 5T, A AN 3 R AR AR
100 ng-mL™" 4% F1| itk 12 (1) B B4, 4 °C 12 000 r'min’'
B0 12 mine 5, B3 pL b3 W0E N LC-MS/MS
8050 ZGLEAT E B HT o

SALFSMNAEREREMART K95 KREARNG
BHREMARKSILAKESG S, BmEXRKRKHEER
BIRERFRE . WEHEESD KRE BN EY, &
1 2220 mL [ & PR B LG I N TS B PR A 8 7 B IR A1 i
JEJE, BT 37 cCEIE R AR 7% 30 min. 1] 990 uL &
B 5 TR N 10 uL SAL YA (1 mg-mL™") i) 5% i
PR B 99T A4 &R, SAL FEAR R B 249K 8 10 pgrmL's
Tk U S 56 kAT PR IR, B — IR SE IR K IR R R R R
37 °C 800 rmin” ) L H 2 T H 0.0.25.0.5. 1,
1.53 ho [ 14 o B 20 SR FH KO3 W B, BDHF B VR W
3 kil & A, FLAR AR AR AR TR, 9% B B (A2 0,.0.25.0.5
1.1.5.3 ho B8 R SEEONG bk i) 4645 20 1) iz 1 o A Ui
AR R H 0.5.10.15.30 min. [N 210 5, MR
R Z P ECH 100 uL I 3 F5 KA 100 ng-mL" 4% F71 it
I P R RS VA, 76 4 °C 12 000 rmin™ 4644 R B0 12 min.
WA 100 uL B35 AT Ja 82w 2 1T

SAL 5 B-GHM O Fxt#ED#  ff A AutoDock
Vina 1.1.2 K #F 317 SAL 5 -G 22 [8] {1 43 T Xt % .
SAL K =445 ¥ )\ Pubchem E45 £ N &3k 5. 4
S E K W #F B BL21 (E. coli BL21) ) -G (PDB ID:
TFIN) {E AL TUEE . M Protein Data Bank (PDB) % #f&
FEH R K B-G ) R AR 45 44, 48 FH Pymol 2.5.7 A % Bk
KT 5 HAMEAR S 7, AR 7, AT e a s E
“ETMET . B SAL N T 5 B AR T 5 B K
PDBQT#% .. BfiJ5# SAL 5 B-G 345 A AutoDock
Vina 1.1.2 3T 4> 7582, 1H 5 B bad 5 36 M oy 2 18]
[ fc /NG A SR A D)o 8005 R A Pymol 2.5.7 B4 % 4y
TR BT R AT

B-G TS SAL BRI

B-G A 70 SAL AU B g2 ] fizg 1 B A Ui i
& RN CT, HoAth 25 38 5 “SAL 4 41 iz 1 1 B 1€ 1
W —3. KRR SAL AWK E N 10 pg'mL', CT %4
W12 mmol- L e PLYARIN 10 pL H 3 9 1) i 1
] FEF 30 07 A 2R AT DR n IR, O 1) £ 4 30 1 i T TR R IR
& B AE37 °C NI E 0.5.10.15.30 min.

SAL &AM BGAR G5 B0 H ARG L AR
T £ 7K 1) 4 SAL VAR (1 mg-mL™), BL 10 pL %A W hn
AR B EOE T (RETRIZLWREEN10 pgrmL™), f§
& Zh B-G K ik 3] 50 U-mL", Tris-HC1 22 3 5 4h /2
R Z . BUATRII TE] p BB 4700 0.0.5.1.2-3 ho [AJRY,

)R AR R I CT, HoAt B IR F AT & — 8. [ BIZE
1B R, AU U AR Z R ECHE 100 pl N 3 5 4R AR A
100 ng-mL" #% Z1 ML W& 1) B B, 7F 4 °C 12 000 r'min’'
%0 N B0 12 mine Yo 100 pL _F 35 k47 ) 4E 5
BT

SAL 5 B E B S5 il % E. coli BL21 (DE3)
AbgIX 5] AR 41 2 Bl 8 57 (0 5 92— 8", K Red
B RGHAT R SR G, IR B AR R bglX (1
FF 4, 7R3 5'5 3w ik R I & 514, i@ id PCR
1 RAT A i 5 A DR 1 Kan UM SR B . 4
4 B R pKD46 L N BL21 (DE3) T ¥k, il % i H
TSI . 1% TR T 30 °CRE IR 204U, 4 10%
H R, AR N IR B
AL PR I8 R A AR, 30 °Cf8 B R .l fitE
SR 18 5 K 2R Al AL 3R 15 0T 2 B 1 v RE, 9F T BR
pKD46 iR o K 12 e 5% TR PR B IR 25 A U S, 7%
N AR FLP 2 20 i Ji Rz pCP20, #4465 T 30 °C 1% 7%
3% . PREL T B4 PCR B IE 1E B i, o BH 1 7 B 3R AT
BRI AN . B, W PR E T 37 °CHE R LATH BR
pCP20 i ki, fix & 3RAF T PU I A 1c 1 bglx Jik PR i B4 1R
Pk E. coli BL21 (DE3) WT 5 E. coli BL21 (DE3) AbglX
TE LB B 9r EEp b 4T 85 9% . B SAL 5 E. coli BL21
(DE3) WT fl E. coli BL21 (DE3) AbglX %3 % & 2 h,
7£0.0.25.0.5.1.2 h il SAL 5 TYRIK % . W& &1F
[F]“SAL {4 4 iz i B BEAR I 727

SR ILEN FE SCFAs 738 1 B IR 4K & (1)
il %% 5 “SAL 4 A1 iz i B BRI 787 — 8. SAL 249K
FEH100 pgmL"'. 1A RAE 37 CIHASKM FIEE 0.3,
6 ho W% H 45 A5, MR R ELH 100 uL In 3 54
S 1% (viv) B 1) B9, 7E 4 °C 12 000 r-min
Ze A R B0 12 mine WTEE 100 pL B iEWGEAT 5 82460

BRI 2 /TS Tk — B0, S R A
4% Splitless #5520, AP Alltech B4IE H: (AT-WAX,
30 m x 0.25 mm, 0.25 pum, 3% [& Alltech Company) H T
38 KRR RV AG IR B 80 °CHARFFE 1 min. X5
LS °C-min™ {18 52 38 B 7+ 28 130 °C, IR EF 130 °C
5 min. At B AR A I AR B 1 B R 250 °C, it
FE LR E R 230 °C, AN 1.27 mL-min”, A
#43.0 mL-min”, S % /74 105.0 kPa.

SAL X H R 43 ALIRIPIERARIRE R
JEACHF 40 T AML-12 40 Ji /£ 5 5% CO,.37 °CHI4H 3k
FRAA, M AML-12 40 il & 35 92 5655 9% . AML-12
ST A DAL 1< 10> 41 H 1) 25 5 0 T 96 LR, B
IR 12 hfE AL BE AR K o TP Al Ak A 00 AML-12 4
B 20 B B PR R RL, 4 i B 0L 1.5, 104 25, 50,
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100 umol-L™" SAL F1 TYR 4b 3 41}l 24 h; APAP i FH 0+
1.5.10.25.50.100 mmol-L" R FEFE EE 4L FE 24 he B H
24 h J5 & FLH 0N 10 pL Cell Counting Kit-8, 2k 45 i
H 2 h, 15 FRACLE 450 nm AT 5E 455 7L IO B .

NARFLSAL 5 TYR RGP R, 2 T AR 4 i w4
RSB FE ) R B, 48 R 43 3 55 SAL (25250 pmol-LY).
TYR (25.50 umol-L™") 5 NAC (100 pmol-L™) i &b 2
12 h, FE A0\ 10 mmol-L" APAP 3£ A58 & 24 h 5, &1L
BN 10 pL Cell Counting Kit-8 % & 2 h, T 450 nm 4t
BEOGRE . SR ) A8 A 5GBS R AL BB B,
HE— PN AT AR « X control\model . SAL-
50 umol-L"'\ TYR-50 pmol-L" 5 NAC-100 umol-L" 41
(T2 B ) 5 R, TN N A I B s e 7 R,
Ol s BiE . R H) & 7S 0B X ALT. AST. GSH.
MDA K SOD #4752

EMERIFBZ DM X TR oM g o 507 &
A A BE 1) AR 2 2, i R A R R S
“SAL PRI iz 18 B BEAR BT 707 — 3. SAL&IKREAN
100 pg'mL"'s 7 E 12 hJ5, HFEHL0 h 1718 BB G A
512 h 1718  BE 0 B A AT 0 i & W 100 uL
BN 300 uL 75 100 ng-mL™" 4% 1) Mt s [ FH i - 2, 1
(1:1) ¥, 15 000 r-min™ B 0> 10 min W5 L3E W, i
0.22 pm JEEAF I 38 G I B A R 0 S 2 iR
R EAEH] (QC) Ff i, fEHH KL FE T, &5 A FF
AR — K QCHE

R IR R, WA N G 0.1% H R (FA)
IRV RPERE R E QIR 0.01~30.00 min, 10% B~
90% B; 30.00~35.00 min, 90% B; 35.00~35.20 min,
90% B~10% B; 35.20~45.00 min, 10% B. HAth 2%k
B [F“LC/MS™-Q-TOF £ % 2 SAL R4 ” . # LC-MS
JRUGEHE T N ARG 2H 2 A 3K A MSDIAL #E47 R 28 5k
JEZE . [AI {4 Ff Metaboanalyst 6.0 35335474347

ETMEHIEF M SAL RS ALT{RIPE
B aIH SR

SAL KAV PR ALL ) SCBERE S 00T AHE A
% $E “salidroside” 1 A WF 7L % % . TYR 1E A
“salidroside” ) R 43 FLF 3 #r. JEIL 25 R4 2
T 5 01T & (TCMSP) B4 & (https://www.
tcmsp-e. com/load_intro. php? id=43). SwissTargetPredicion
BUHE E (https://swisstargetprediction. ch/) & Superpred
Prediction % #% % (https://prediction. charite. de/index.
php) 2 3K 1F SAL e HACE Y TYR [ FUI#E Ao 2%
brEE )G, BRI YA 5 . il id GeneCards %
P& B (https://www. genecards. org/) 5 OMIM #§ #E
(https://www.omim.org/), LA “acute liver injury” N1 &

WHEAT R R, IR4F ALT I AH S 58 i o K FH A Ao 2
1% 37, GeneCards #0418 J 7 1% 45 1 : relevance score >
15.00. HUPHASE4iE e ALLE i I 48, M 25 28 2 T, 4
SEOPR AR A EPE 42 . 3@ ik Venny 2.1.0 (https:/
bioinfogp. cnb. csic. es/tools/venny/index. html) iR
“salidroside” 15 “acute liver injury” i) 22 2 41 &5, BRI A
SAL KA TYR G ALK 45 LR 475 F 1 A

HEAHEAE R (PP W 26 84 82 53 A7 5 4 T A% 0 B
Bk KL R A 5 N String 2 IE B (https://en.
string-db. org/) 3K B & (1 4 B AE H (PPI) M %% . I H
Cytoscape 3.9.1 F 40 #H HLAE I OC R 8048 1247 T LA,
FEAR PGP 275 B {H (degree) 5% H 00 (closeness)-
Ao 0 (betweenness) i 35 18 bk i T 208 10 48
R, BN R PR R R A% 0 B . AR U8 degree.
closeness . betweenness {E Vi 5 1 5 K/, 22 i 4% 0040 15
X 2 1]

GO M KEGG Ml ¥ & 50 N R G BEAZ O
BRI ARy T IR A S 51 E
(5508 %, fd ] DAVID 04} % (https:/david.nciferf.
gov) X it iz H A% O B8 SUEAT T GO A 5 72 4 i
L KEGG i 70#Hr. GO Dhfe s L0t E it 2
(biological process, BP). 4l fid 2 43 (cellular component,
CC) M43 FIhEE (molecular function, MF) 3 2501, &
FEEERUAP <0.05 8B FEVEBE, 5L AT 5 %A EteT
AL . KEGG B & £ o rimii iz Ol B E
A5 5 I B% (P < 0.05), 25 $ i 20 4% 18 8% 247 AT ALAL,
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Figure 1 Gut microbiota plays a central role in SAL metabolism. A: The structural formula of SAL; B: Relative abundance of SAL in the

gut microbiota; C: Metabolic characteristics of SAL by gut microbiota within a more precise timeframe; D: Metabolic effect of liver

homogenate on SAL; E: Metabolic effect of liver microsome on SAL; F: Relative abundance of SAL in simulated gastric fluid; G: Metabolic
effect of SAL in artificial intestinal juice. n =3, x+s. P <0.01, ""P < 0.001
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Figure 2 Gut microbiota mediates the conversion of SAL into its primary metabolite, TYR. A: Extracted ion chromatograms of TYR at

different times; B: MS spectrum of SAL metabolite TYR; C: MS/MS spectrum of SAL metabolite TYR; D: Proposed chemical structure and

mass spectrometric fragmentation pathway of metabolite TYR; E: Proposed metabolic conversion pathway from SAL to TYR; F: Extracted

ion chromatograms of SAL, TYR and IS; G: Metabolic conversion of SAL to TYR in the gut microbiota system. n=3,x*s
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Figure 3 j-G is the key enzyme for SAL metabolism. A: Schematic representation of the molecular docking configuration between SAL

and -G (PDB ID: 7FIN); B: Relative abundance of SAL in the gut microbiota system upon addition of CT at varying concentrations (CT-L:

1 mmol-L"', CT-H: 2 mmol-L"); C: Inhibition of SAL conversion to TYR by the gut microbiota upon addition of CT at varying

concentrations; D: Metabolic profile of SAL in -G enzyme system upon addition of CT; E: Inhibition of SAL conversion to TYR in f-G

enzyme system upon addition of CT; F: Metabolic profile of SAL following incubation with E. coli BL21(DE3) in vitro; G: Metabolic
conversion of SAL to TYR by E. coli BL21(DE3) in vitro. n = 3,x+s. P <0.05, ""P < 0.001. CT: Castanospermine; A-G: -Glucosidase
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Figure 4 SAL and its metabolite TYR exhibit protective effects against ALI. A—C: Effects of varying concentrations of SAL, TYR and
APAP on AML-12 cell viability; D: Effects of varying concentrations of SAL, TYR and NAC on AML-12 cell viability in APAP-induced
injury model; E, F: The levels of ALT (E) and AST (F) in AML-12 cells were measured using commercial assay kits; G—1: The levels of
GSH, MDA, and SOD in AML-12 cells were measured using commercial assay kits. n =5, ¥ +s. P <0.05, "P < 0.01, 7P < 0.001. APAP:

Acetaminophen; NAC: N-Acetyl-L-cysteine. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GSH: Glutathione; MDA:

Malondialdehyde; SOD: Superoxide dismutase; ALI: Acute liver injury
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Figure 5 SAL is involved in modulating the production of SCFAs in vitro. A—F: Levels of propionic acid (A), butyric acid (B), valeric acid
(C), isovaleric acid (D), hexanoic acid (E) and isobutyric acid (F) in the in vitro gut microbiota system. n =3, x =s. P < 0.05, "P < 0.01,
""P <0.001. SCFAs: Short-chain fatty acids
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Figure 6 SAL modulates the metabolic profile of gut microbiota in vitro. A: PCA score plot of gut microbiota with SAL in vitro (n = 5); B:
OPLS-DA score plot showing metabolic profile differences between the gut microbiota control group (0 h) and the SAL-gut microbiota
group (12 h + SAL); C: Permutation test of OPLS-DA model between the two groups; D: Volcano plot depicting significantly upregulated and

downregulated metabolites between the two groups; E: KEGG pathway enrichment analysis of differential metabolites between the two groups
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Figure 7 Network pharmacology analysis of the molecular mechanism underlying the protective effects of SAL and TYR against ALIL. A:

Core target network; B: GO enrichment analysis of SAL and TYR for ALI prevention. The top five terms in BP, MF, and CC are displayed
as a Sankey bubble plot; C: KEGG pathway enrichment analysis of SAL and TYR for ALI prevention. The top 20 pathways are shown as an

enrichment bubble plot. BP: Biological process; CC: Cellular component; MF: Molecular function
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