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Exploring the potential mechanism of Tremella fuciformis in
reducing blood lipids based on Mendelian randomization,
machine learning, network pharmacology, and ADMET
analysis techniques
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GUO Lanying, SU Jing, LIANG Bin

Department of Biology, Xinzhou Normal University, Xinzhou 034000, Shanxi, China

Abstract: Dyslipidemia is a key risk factor for cardiovascular disease, and exploring safe and
efficient natural products for lowering blood lipids is of great significance for the prevention and
control of cardiovascular disease. This study aims at exploring the potential mechanism of
Tremella fuciformis in lowering blood lipids using network pharmacology, machine learning,
Mendelian randomization, and ADMET methods. The research results indicate that 22 secondary
metabolites of T. fuciformis work together with 233 targets. Protein network analysis shows that
MTOR, CASP3, EGFR, RHOA, TP53, STAT3, AKTI1, HIF1A, efc. are key targets. Through
constructing two machine learning models, the intersection feature targets were predicted as
CASP3 and HIF1A. Mendelian randomization (MR) analysis of the two samples revealed a
significant causal relationship between CASP3 and the onset of hyperlipidemia. GO function and
KEGG pathway analysis found that CASP3 mainly involved p53 signaling pathway, AGE-RAGE
signaling pathway and diabetes complications, and MAPK signaling pathway. The molecular
docking results showed that the active ingredients in 7. fuciformis, such as 3-hydroxy-2,4,7-
trimethoxy-9,10-dihydrophenanthrene (Tf2), simulansine (Tf8), and urinattralin (Tf18), had good
binding affinity with the key target protein CASP3. The systematic analysis based on absorption,
distribution, metabolism, excretion, and toxicity (ADMET) shows that the three active ingredients
mentioned above exhibit excellent pharmacokinetic properties and perform well in
gastrointestinal absorption, with certain potential for developing into drugs. This study provides a
reference for the clinical practice and future research of using 7. fuciformis in the treatment of
hyperlipidemia.

Keywords: Tremella fuciformis; hyperlipidemia; network pharmacology; machine learning;
Mendelian randomization; ADMET analysis
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Table 1 Effective compounds of Tremella fuciformis

R A i CAN oy /|

No Name Compound structure
Tfl  (Q4-"HEIFR)-3,4- —F-2H-1-FFEMEn-7-5 41743-86-6 o %}

Sativan or (3R)-3-(2,4-dimethoxyphenyl)-3,4-dihydro-2H-1-benzopyran-7-ol

T2 3-53-24,7-=HHEHE-9,10- &
3-Hydroxy-2,4,7-trimethoxy-9,10-dihydrophenanthrene
T3  4,7-" WA E 4',7-Di-O-methylnaringenin

T4 (R)-2-(3,4- & -7-H EFH-2H-1-F I -3-25)-5- B EH KW} Tsosativan

Tf5  HERABREMEY C  Melilotocarpan C

Tf6 BfEER Sativanone
Tf7 KRR Z Sativin

Tf8 MRS )08 Simulansine

29424-96-2 Q‘Qﬁ
60102-29-6 ] Q}@
83013-82-5 0o
51106-84-4 (3
41743-86-6 () -
176520-66-4
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T8  7-O0-FHE S INEXE 7-O-methyldihydrowogonin 113981-49-0
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Tremella Hyperlipidemia
Suciformis

MEHBESREGTSME A SHESEMIEHFHEE. B: fbady-JL R R4 R .

C: FLFEFLAE PPLRIZSIE. D A2 08 R R 25 5]

Fig. 1

Network pharmacology analysis of Tremella fuciformis in the treatment of hyperlipidemia. A: The

Venn diagram of Tremella fuciformis and hyperlipidemia. B: Compound common target network diagram. C:
PPI network diagram of common targets. D: Core target network diagram.
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Fig. 2 Machine learning core gene prediction. A: Lasso filtering. B: Lasso trend. C: svm accuracy. D: svm

error rate. E: Lssso and svm share common genes.
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Fig. 3 Mendelian randomization analysis. A: Scatter plot. B: Forest map. C: Funnel plot.
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Fig. 4 Enrichment analysis. A: GO analysis. B: KEGG analysis.
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2,4,7-trimethoxy-9,10-dihydrophenanthrene(Tf2)
L 3 &S, BA — K ER T TYR-276
52 %4, CASP3 H11y LEU-33 \MET39 . TYR-37.
LEU33, TYR-37, TYR-376 5 simulansine (Tf8)
YK 6 A, B 2 MEKAEH I TYR-274
TYR-276 52 %4 . CASP3 Wi SER-36.
MET-39 5 urinatetralin (Tf18)3JE il 2 4~= 4,
HA 2 MH/KER T TYR-276. TYR-274 52
M, WHZAE R, R E R 2O o 5 e
# g5 CASP3 Z (A EELH R AFAI45 G RET -
2.9 ADMET &#h

FIFH Swiss ADME F1 ADMETlab 2.0 254 %48
HHFEEIER T ADMET 708, 455888 3-
hydroxy-2,4,7-trimethoxy-9,10-dihydrophenanthrene
(TR2)M) S WiE g o a5 58 <57, RAHHE
A R AR E B E WO 1 X AT e AR A
TEE AN BRAE PR BUA OC, 19 3l s A v B A
R WA FAR ML, [RIR IS B ARG

TR TPSA FREE S i W, 1456 L2t i
SRR, H O iRAE A B BINE R 30%,
Uk B AR BLAE 11 IR S B8 30 M Bl ML W ek A
MGG, M A& LR i R 55 R e v . %5
FHMMKEAMLGAERIMGI R ae”, £
AR N3 A I, 5 002 2 1 465 5 1 A B R 0
BAK, BB A ML ZER N is TR THEA B
LA

X+ simulansine (Tf8), & 7B WY& it
w7, HIRAEIRIHE S 30%, WS
EEEEE P& BIREYE, AR TR K
WAE AR ME, v sh Y s ok E g iE b
FEC, DA A2 22 5 i 3 P WA o I 5 e 225 1k
UM 45 Rk “YES”, X 4w 78 MR AR B A 5
PR, TR BT TR SR AR 2 R
Ge e — o T TEVE o 3K 8 1 45 A R
Jpocaat”, U AERAN AT, S
R A AR BAL, v LUE A e R
iz AR

XfF urinatetralin (Tf18), & 718 WU T Ay

‘7, DRAERIFEE N 30%. %450 T [FEEE
AR RCENRE S BRI, BB 5 B iE 4
JHLJE %) B T3 WL 53 )2 2 AR AR B o S X F A
HAER, 4T & Bhpkshd s =X, IR 28
MBS, A Ko R A R BV P o ot i
BB ME TN SE SR “YES”, 4R /R TR AR
FEARDG = S i, 5 BT LA R A5 2% X
ZRG T —E METEVE R o 2R R 145 6 %W
Wy care”, SRR s i, S
WR AR AR AR, v] LU 47 A A Y
B,

T ADMET 54347, 3 a5 a4
<500, St ftiA<s . SHEZ k<10, ERME<S.0,
A I 2 AR AR 2 2 R (1B 6) . X s
ADMET 745 20, AR EW 236 MR 2
A R 254 30 g 2 R B i, TR
A — 8 W20 71, A AR A R i g 4535 17
it — 2 JF Z A AR T EE R A
AR o
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A B
Tf2-CASP3

T8-CASP3

Tf18-CASP3

5 SREJEMMSS CASP3 S5 FxiiEE
Fig. 5 Molecular docking diagram of the active ingredient of Tremella fuciformis and the CASP3 target. A:
T{2-CASP3. B: Tf8-CASP3. C: Tf18-CASP3.

LIPO
A LPO B CHs C
/ = cH, LIPO
FLEX SIZE
oo SIZE N o |
FLEX &
Y FLEX
o, = ¢ 'Q :
/ N CHy o | o -5
e 3
INSATU POLAR INSATU POLAR e
w) Hac CH, INSATL POLAR
H ©OH D\-O
INSOLU INSOLU
SMILES COCI-CO2-CIC-CIC3-O(C(-C(C-CICT20CI0)0C SMILES " O{CYR(COCHO=CER=CIIEE=CO-CO-CRNEC=0IC 0 SMILES  COCIC@H]I0C2-CC3-CIC-C2ICAH] [ CREH]1 COCIC40CS-CIC~C40COS)0C03
Physicochemical Properties Physicochemical Properties Physicochemical Properties
Formula CI7HIS04 Fomula C0H2SNO3 Formula C22M2406
Molecular weight 286.32 g/mol Molecular weight 327.42 g/mol Molecular weight 38442 gmal
Num. heavy atoms 21 Num. heavy atoms ) Num. heavy atoms ]
Num. arom, heavy atoms ” Num, arom, heavy atoms 10 Num. arom. heavy atoms 1z
Fraction Csp3 029 Fraction Csp3 045 Fraction Csp3 045
Nun. rotatable bonds 3 Num, rotatable bonds 4 Num, rotatable bonds 5
Num. H-bond acceptors 4 Num. H-bond acceptors 3 Num. H-bond acceptors 6
Num. H-bond doners 1 Num. H-bond donors 1 Num. H-bond donors a
Molar Refractivity £1.20 Molar Refractivity 9879 Molar Refractivity 10188
TPSA 4792 AF TPSA @ 5146 AF TPSA 55,38 A7
Lipophilicity Lipophilicity Lipophilicity
Log Poiw(iLOGP) 306 Log Pow(iLOGE) 361 Log PoinGLOGE) 186
Log Pa/w (XLOGP3) 340 Log Porw (XLOGP3) | 32 Log Po'w (XLOGP3) &) 352
Log Paw (WLOGP) EAt Log Po'w (WLOGP) 339 Log Po/w (WLOGP) 336
211 Log Poiw (MLOGP) 297 Log Poiw (MLOGP) © 242
Log Paw (SILICOS-IT) @) 376 Log Poiw (SILIEC 384 Log Po'w (SILICOS-IT) 419
Consensus Log Po'w € 310 Consensus Log Pow (3 341 Comsensus Log Po'w 347
Physicochemical Properties Physicochemical Properties
398 LogS(ESOL - 443
2.98:-02 mgml; 1.04¢-04 ol | Solubility 3.686:02 mg/ml:1.12¢-04 moll 1.43¢-02 mg/ml:3.73¢-08 mol’ 1
Soluble Class Soluble: Moderately soluble
4 Log S (Ali) @ <398 Log S {Ali) 437
235602 mgimL8 21e-03 moll Solubility 3.40¢-02 mg/ml:1.04¢-04 moll Solubility 1.65¢-02 mg/ml:d 30e-05 mol/1
Chss @ Soluble

Class @ Moderately soluble
Log§ (SILICOS-TT) @ 327

Log § (SILICOS-IT) @

473

Class
Log 8 (SILICOS-IT)

Moderately soluble
-5.84

Solubility 1.546-03 mgml;5 38e-06 mol | 6.11e-03 mg/mk1.87¢-08 mol1 Solubility 56004 mg/mi 1 46¢-06 mol/1
Class & Moderately soluble Madertely soluble Class Moderately soluble
Pharmacokinetics. Pharmacokinetics Pharmacokinetics
Gl absorption High Gl absorption | High Gl absorption High
BEB permeant Yes BEB permeant Yes BB permeant Yes
P-gp subsh No Pogp sublrate No Pogp subdlrate £ No
CYP1A2 inhibitor No c inhibi No CYP1A2 inhibitor No
ovpe bitor Yes CYP2CI9 inhibit Yes CYP2CIS ink Yes
CYPCY inhibitor ) Yes CYP2CY inlibitor 3 Yes CYP2CY inhibitor Yes
CYP2D6 inkibitor Yes CYP2D6 inhibitor (5 Yes CYP2D6 inhibitor Yes
CYP3AL inhibitor Yes CYP3A4 inhibitor (- No CYPIAL inbibitor Yes
Log Kpiskin perme: 615 emis Log Kpéskin permeation) £ -6.00 cm's Log Kp{skin permeation) -6.15cms
Druglikeness Druglikeness Druglikeness
Lipinski @ Yes: 0 vioktion Yes: 0 violation Lipinski Ves: 0 violation
G Yes Yes Ghose Yes
Yes Yes Veber Yes
Yes Yes Egan Yes
Yes Yes Muegge Yes
3 3 0.55 055 Bioavailability Score 0.5
Medicinal Chemistry Medicinal Chemisiry
PAINS Oalert Dalert PAINS Oalert
Brenk 2 Oalert O alert Brenk 0 alen
Leadlikeness Yes Yes Leadlikeness No:2violutions: MW=350,XLOGP3=3.5
Svnthetic accessil 296 436 Synthetic accessibility 434

6 REHM ADMET 734

Fig. 6 ADMET analysis of Tremella fuciformis. A: Tf2. B: Tf8. C: Tf18.
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R

3 ik

e i LA D] S A AR 1A T A 400 Sy — 3 R
4 BR S A Pk R AR H O gl ik B AT AR H
=0, WG EMCE A R R, s N A
ML TIRE, 52 M S 1 M LAV = IR IUAE o A%
R BIHPERL G| AT/ RBENLAL . Pldss=> . ™
2K H~: K ADMET S8R, WZAS M TR A
PRI H R 1 AR BV AEAE FHPLAR

2N - IS TRTFRA M, TR
fTBARA TR E R TGRS AR ) 2SR
3-hydroxy-2,4,7-trimethoxy-9,10-dihydrophenanthrene
(TWE A —FL &, e BB hE
WL o A WFFRIE SR & P A 2R A,
braEfl . PR FIHUIIE S (Yang et al. 2007), %
i S 5 AR B A G IZ A B Y PR A
FHATREA B T i oA . AFREss, Mevs
A Wphi(simulansine) FE BE Y — e AR WG M, 0
AR BAE B A X NS 22 P i yeg 4 i 119 38 7 1ot 7
FEAERIE R, R SCAE— s Fil S X AR IE#
4 ff TG B2 (T 2015), Urinatetralin J& T
T VN A ZRARIERIALE Y, AT AR i — w2
HIMmE LA B B (DGAT) TR, 24 ot i 9
HT = ER R TR BRI RS, RRAS T
JUEL 1 P W s 55 A= 0 B T SR A O ] s )
M, LI AE A R REAR G 220 2022),

FRAT3E 2k 2R PR AR FH 25 A e iy 11
WO AT, LA 2 AT 1 43 By ik — 2D R A
2 NERAE I 3 ) S EERE R HIF1A A1 CASP3, [
ff, FRATHEE MR 4387 & BT CASP3 K FF+
5 w5 1R KU i 2z ] R OGRS it — 20
e AR &bl EE it T 2% . CASP3 fEh—
T fe e 2 R K A4 2 B 2 1 ity , e 20 B T gk AR
7 PR A% O M, SR HE S AR IR E T Y EE A T
F-(You et al. 2014), M4 AT (F )5,
— RGN 23 0 CASP3, by
CASP3 UIHIAHM N i Z A I BURY), iX—
ARSI EMEER N E T TR A NIESES
AACFRE, R AR & A W45 . DNA H ik
SEAR B, AR 1 41 e 2 ABE T B B (Fischer

2015), AHFFEERM, SHLARL T & AR,
MR R & 4 B35 BT, Rl S AL UG
% PERE B H (ox-LDL) & S 2 | X —48fk
Sl R RAE RN (EIMAE 2023), RIEEHF IR
AT DL BT AR S I TR S i, § 3
CASP3 BJ¥E, dEMA I N R 4l . P
JULAH 0 0 40 5 00 1 (B SRS 20235 Bk
1EAE 2024), DLEREANAE A F], 5 E WA R R
Kt ox-LDL A8 IR NI fS , 25ifad ZFpisk i
WG CASP3, 5l EAMMMET-(Ey 2013; 75
FESF 2019), X —INGRAE BN Kok R AL BES A9
WL NS RS R Rt R B, 5 2 e B WAE
o BBATHIFE K I 020) I BFSEIRSE, g
DRSS B A N R BB AZE AL, dE i s | &
DY I 3, P9I S — Bk A S n shok
Pr& 8 L (UPR) . 4 P4 5T I R SR A7 TE
SRR — e B, Eff UPR Joyk k2 i
Fazsmt, sUAsBOE N CASP3 SR T- A M,
LA SN T: . FEF A, SR 5 Y
PR JSE P9 I 98 T 3B A 3 CASP3, SR 4n i
T, W R BRI TR, oE— 25 e & i
BECRES 2007). = ILAG 8 F 5 R 5 Z KPR
BB FER S RICPUA R AL, R R(E 5
FEIE BN MR, AT 5 2R A BB E TR,
T T R A %) 1E R AR (813 R X #
2015), [, BB APLIL & T2 AR
WAL, A ZTEHEAROS)FH EYR,
ROS 7] LU % CASP3, #SAMMMET:, g
U5 40 B . JUL DA 200 P 0 P 40 S5 o) i o B B i
AERRIE, M — R AR B L n v 1AL G P 175
(EHZE5F 2013), @ HPH CASP3 [E LA
W HANRAE S, vTREA By T A e T,
O IS T RE RN S AR, 2 — e R S
PR v 0BG B HL I R 1R T B 53R 7 R (15 /1N
Te 2015),
2 KEGG 7r#r, p53 17 5 . AGE-RAGE
51 SRR I AORE AT MAPK {558 %5
CASP3 B E A, FERIMARIRE T, pS3 (5518
BT R AL . DNA #5145 %5 R R s (%
=5F 2023), p53 _LIRfEIT-HH Bax KA,
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Bax AJfEEZRIARBANBEGER C, JFFimEG
CASP3, 5| & 408 1= 2% 1B )2 b/ (Liang et al.
2020), 7ENEFACIEFIERE B, pS3 Xof AH R A A
KIEH RAEFVTTIRE . — T, pS3 RERZHNHI
HMG - CoA A J SR it 53, DA T 2 R et
BIE R 73—, ERfE#E LDLR SRR,
IR M H LDL-C )7K~F-(Sung-Tack et al.
2017). CASP3 L85 15 pS3 {5518 #% 1Y SR G
AN, FE R AR ET, AR T AL S e R R
Al REIE L pS3 15518 I K% A, IR T — B
HERSE HORI , B AT REXT IR S Rl AR A 1
FH(Wu et al. 2024), [FIR, p53 15 580 EAE M
S8 A e J Al B S EE (IR AN R AN ZE AR 2023),
I BEIRZS T p53-CASP3 AHSCHILHA A T 5%,
S VP 5 IR 0 B A AE TR AR R o PR 2
ARG NL T, IR AGEs Kig/:
&, AGEs 5 RAGE %5415 AGE-RAGE {55
W, 51k RAE N FEA AL B B (Tan et al.
2007), TEAWFZEH, CASP3 14 & & 31%M
%, FH] CASP3 n[EEZ 5 AGE-RAGE 5%l
A SRR T . AGE-RAGE 6T
WEfs5, 4N NF-«B i, BT b8 58 5 240 i N5
ik, WEIMAALNEOK, i —E CASP3,
B T-(Wang et al. 2013), AW UESETE
M NLZIM T, AGE-RAGE {5518 B& B
Ji, ROS AR £, o 4k R & 18 300G
CASP3, PEAMMIE T, LB AEME IR 1
IR AE 1) 2 8 LA K v it Mg 5 850 A 225 e )
A, B EE A A EE 2020), &K
WF5E Y 45 2% 0 e LA B DR s S O & o
Z IRV LR I =0 537 TR I RWE R 2B 2
A M ARAEAR , P i A B RZ R, R
A6 o 240 M 38 AL B . SRIE AR T 2
FIFLET, MAPK {5538 5 2 9 40 (Carracedo
et al. 2008), TERIMARFZMET, ox-LDL 454
RIS MAPK Gl %, HE 5 B R Ak T i
JEE 4R 15 JE R 1k (Wang et al. 2010), CASP3 &
A& 5 MAPK {5 5%, W1 MAPK i@
65 A ML IH T B EK &R o p38 MAPK 0 5 Al
LR T E AR, RS TR A

PR, FETEE CASP3, -S40 08 T (B 5 4%
2024). 7E & M AGAH R 40 ME N ¥, CASP3 5
MAPK 3 [ ) G BRI, 4 i i MAPK 38 #%
TSN AN A, R Bh X CASP3 JEPE R IE T,
SR AN M T PR, LLAE ZR A0 B N PR R
Lot “2GW-R - AT A SR IFIR A
B, AT B TR TR R L A
BEY I, (R I Ry 0T 1) i 2 1 B A M (RS
— S E , ADMET 43 Hr %R B M il o 1 22 42
PSR R R, B RE TN X 48 A% 7 7
RN BRI, o34 . AR, HEdb R, DL T
BEETEOL . BT, YRR M 2 BRI R
AT 240 ) By T (JF SCEEAE 2012), ADMET
BTN T IEAL 259 -5 S R et B G
LD, 7E 45 2 PHAR 1 24 ) - R - 0 T 4%
AT PR 2 9 3 e S B0 X I A B S A
MEIHBERS T3, #RTT REME IR I 4% () 1E & A #E o)y
AE, HZEBIRBIERIRE RS 2012),
i ADMET - 0#r, AT LATE X 4% 25 BB 5%
B 25 vl g7 A AR O, DA I 26 1) 42
S, Ry e A AR BT R AR 25 Y B AR B
(LR ETE 2016), FEAMSR T, BEHY
CASP3 73 FXT RT3 P 3L & W43l
TFE2ITFT R A . FLIR, TEMIZ% 25 SRR EE Y
25050 R 2, 2GR SCRE I DR T
HAEEA RLEAE RS R 3 Mg b &
Y% ADMET 4347, H logP (HAE, Xefbé
Ytk A mT e Bl sh oy 7 =X, S8 s e A
FEIEA MBS, S i 4E H TR N -5 g
O B A D 2 i B L Sl k) R i A R B e i
HE AR RE R 3 Sy I [E) H2 S AR K- 1
VA AN, 2R N B4 A B AT L VR
TXTE W 45 24 L v 5 80 5 0 23 (R A B VDM 5% . 24
YIAE AR N 55 3R 5, B AR AR
[FIZHZURI SR VR EE o AR E- Py 3-583E-2,4,7-
SHAEI-9,10- —HAEZ A AU R e T
BAEAR P AT BE i ] T4 A 7E B R E A2 AR B2
AL, GnFE o ZEDT S LR 1) 1) 2 24 34
R L, R G PR A2 R R R AL, B A
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RO A& DA e A R S o A
i HBENE 52 5 18 T A0 22 Rt A A2 AR [an T
AE X ZIRLXR)EHLE A, FHIHEmE s
DL RIGTR B-A A S5 AR i A LA 4%
Wk ADMET 23045 538 , v LABH B 25 90 78 ) 45 vk
B AR FHE RN 35 A4, A B IR A B 24
Wy AE 52 4 () A N R Hh e 3 2o 5 R 2 2
A AR SR R 1A

Y FARMFSE H 2R A3 A SRR
ORI T A B | J5 ST BT Rk — 2 F
5%, UMt as Raerfbt . SRS, A0
FE A AR BN T R IR A T R I R 52 B S ok R
IRt TR B M ER B 55%

1E# STk

FEAL : RSO AR | IR T B
W% ik KRR AL B ZRR R oy
Br. Biiks ALIREE . WIREL, hZe0 . F2iE.
I SRRAL B fet . R SROLSIRT &
BHE %,

F 3% o R

P 7] RS R A AT (T 2 25
BT 55 5 5
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