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Abstract: The biological macromolecules such as polysaccharides and terpenes in Sanghuangporus spp. aqueous extract
have inhibitory effects on tumor cells, but the function was not yet clear. This study obtained small molecule compounds of
Sanghuangporus sanghuang Sheng H. Wu, L. W. Zhou & Y. C. Dai and Phellinus baumii aqueous extracts through 3000 D
ultrafiltration, and studied the inhibitory activities on mouse hepatocarcinoma cells Hepa 1-6 using dual fluorescence la-
beling. The anticancer active ingredients were analyzed using metabolomics analysis. The results showed that the small
molecule compounds of S sanghuang Sheng H. Wu and P. baumii could induce injury and apoptosis of Hepa 1-6, with
inhibition rates of (38.64+4.35)% and (32.52+3.57)%, respectively. Meanwhile, the inhibition rates of small molecule
compounds reached (77.27+£6.21)% and (76.92+5.45)%, respectively, after mixing with crude polysaccharides. Me-
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tabolomic analysis showed that anti-cancer small molecular agents such as ellipticine, betonicine, cerebroside-B etc., were
identified in the aqueous extract of Sanghuangporus spp. Antitumor related substances such as heterocyclic compounds
(6-fluoroindole, 2,4,6-trimethylpyridine, 1'-naphthoyl-2-methylindole, etc.), nucleoside and bases (1-methyladenosine,
N6-methyladenosine, 2'-O-methyladenosine, etc.), dipeptides (leucine+*, isoleucine+*, y-glutamine+*, etc.), sugar alco-
hols (xylitol, ribose, mannitol, erythritol, etc.), were identified too. The results indicate that the aqueous extract of
Sanghuangporus spp. contains multiple small molecular agents against tumor cells, which have a synergistic anti-cancer
effect with biological macromolecules such as polysaccharides. This would provide a scientific basis for understanding the
mechanism of anti-tumor of Sanghuangporus spp. and the development and application of functional substances.
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Hocchst 33258

A B C D

A JKIEY; B: MZHE; C. MIEW; D: HEZW+HIER . Hoechst33258: Fric 4 Miiz e G AN A A T- 40/, & 5 a5k,
EthD-MI: ARiC A i B FIZEA N, RIRLLEATO0; Merged: &I /528 (L4 i A -4
A: Aqueous extracts; B: Crude polysaccharide; C: Ultrafiltration filtrate; D: Crude polysaccharide + Ultrafiltration filtrate. Hoechst33258:
Labeled healthy and apoptotic cells with the intact nucleus, emitting blue fluorescence; EthD-III: Labeled cell membrane damage and dead
cells, emitting red fluorescence; Merged: Purple cells are apoptotic cells in merged maps.

B 1 TRERHREKREY/NRIFEHME Hepa 1-6 B HI (€A

Fig. 1 Inhibition effects of different S. sanghuang aqueous extracts on mouse hepatocarcinoma cells Hepa 1-6

EthD-III
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Hoechst 33258

EthD-III

Merged

A: KIEY); B: MW C. WIEW; D: MBI . Hoechst33258: FRic 4UMIA% Se 8 ih AU A T-4UME, & MK (59
EthD-TI: #Ric 40 e i FIFEan i, K405 ; Merged: AHEEE @AM T 4000,
A: Aqueous extracts; B: Crude polysaccharide; C: Ultrafiltration filtrate; D: Crude polysaccharide + Ultrafiltration filtrate. Hoechst33258:
Labeled healthy and apoptotic cells with the intact nucleus, emitting blue fluorescence; EthD-III: Labeled cell membrane damage and dead
cells, emitting red fluorescence; Merged: Purple cells are apoptotic cells in merged maps.
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Fig. 2 Inhibition effects of different P. baumii aqueous extracts on mouse hepatocarcinoma cells Hepa 1-6
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Fig. 3 Inhibition rates on mouse hepatocarcinoma cells Hepa 1-6 of different Sanghuangporus spp. aqueous extracts
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Fig. 4 Total sugar contents of different Sanghuangporus spp. aqueous extracts
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Tab. 1 Metabolomic analysis of total components of each aqueous extract
an FM R S sanghuang P # P. baumii
Component KIS LR BB B T KR LR R W
Aqueous extract Crude polysaccharide Interception fluid Aqueous extract Crude polysaccharide Interception fluid
Level 1 381 372 345 382 380 359
Level 2 1343 1274 1095 1338 1292 1138
Level 3 137 127 111 146 137 123
Level 4 15279 11174 8167 15 426 12 771 8608
RSk 1861 1773 1551 1866 1809 1620
A B 5171 5323
AT 17 140 12 947 9718 17 292 14580 10 228

TE: Level 1 MHEA S iy RS AbRMER 15 MS1, MS2 F1 RT #JUEHAL; Level 2 SREAS s (R4 15 2 2508 i v i1 MS1 I MS2
HIUCHL; Level 3 AREAR PRI 55 MST Bt MS2 B RT VLfit; Level 4 R HLA Y. MST AR LB T 107 Lo R — 28 5 % DG fid 7%
WY E s MS2 il ad 9B VG e PR H I s RT AR 4 A b A8 72 rb 54 1) £ B ] VS e 5 11 9 4 5 o

Note: Level 1 means metabolites and the standards matched with both MS1, MS2 and RT; Level 2 means metabolites matched with both
MS1 and MS2 of the public databases; Level 3 means metabolites matched with MS1 or MS2 or RT; Level 4 means unknown compound.
MS1 means the substance obtained by matching the mass to charge ratio of the parent ion, i.e. the primary mass spectrometry; MS2 means
qualitative substances obtained through secondary mass spectrometry; RT means substances based on the retention time of metabolites in the
local database.
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SS: S. sanghuang; BS: P. baumii; SSCL: S. sanghuang-interception fluid; BSCL: P. baumii-interception fluid;
SSCC: S. sanghuang-crude polysaccharide; BSCC: P. baumii—crude polysaccharide.
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Fig. 5 Heat map of cluster analysis of differential metabolites
F2 BHAEAKRBRRHMENESER
Tab. 2 Relative component differences of water extracts from each treatment group
s FM R S sanghuang P H P baumii
Component HLZ W o B W2 bW o B R
Crude polysaccharide Interception fluid Crude polysaccharide Interception fluid
g o) 5713 11 644 5689 11 645
k> 50%LL 5259 11526 5164 11 544
ARAG 1408 4678 1227 4201
Level 1 112 328 113 328
Level 2 516 1126 509 1126
Level 3 41 110 41 110
Level 4 5044 10 080 5026 10 081

TE: Level 1 kA sh (R AbR e 5 MST . MS2 Hl RT BJVLHAL; Level 2 Sy REAH BRI 5 2 JLEUR P2 b i) MST Al MS2
BIVCHC; Level 3 MR PRI 5 MST 8¢ MS2 5 RT PEfiT; Level 4 JyARHIALEYI . MS1 RS B) B 7 B far L B — 20 B3 DE i 75
HAYH T MS2 il it =4 T VU C E P A A s RT S AR AR s B 128 v 1 3540 4 3 B4 s (] DG e 45 1 A 400 05

Note: Level 1 means metabolites and the standards matched with both MS1, MS2 and RT; Level 2 means metabolites matched with both
MS1 and MS2 of the public databases; Level 3 means metabolites matched with MS1 or MS2 or RT; Level 4 means unknown compound.
MS1 means the substance obtained by matching the mass to charge ratio of the parent ion, i.e. the primary mass spectrometry; MS2 means
qualitative substances obtained through secondary mass spectrometry; RT means substances based on the retention time of metabolites in the

local database.
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Tab. 3 Top 20 compounds with reduced content

%5 M LB Crude polysaccharide FHBUER B Interception fluid
No. FMWZFH S sanghuang W Z# P baumii ZMEH S sanghuang W2 P baumii
1 656154 6-fluoroindole 6~ 15|~ 6-fluoroindole i *adenosine J#+# *adenosine
2 2-Q6- R4 B L 2,4,6- = FEERLNEY 2-SAR-A-RIE T IR> N-(5- M I -2- ) -5- PR L g3
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3 e
N-(5-chloropyridin-2-yl)-5-prop
ylthiophene-3-carboxamide

25 fR-4 SRR T IR
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2,4,6-= W Stz
2,4,6-trimethylpyridine
KR ribitol

P 5 arabitol

AHEBE* xylitol

N-(5-F M IE-2-38)-5- P ZEHEW}-3-H DL-2,3- & LR A

DL-2,3-diaminopropionic acid

TLRRR-RSL AR Y Leu-lle

)

1-H ZEAR 47 * 1-methyladenosine

N6-FUIER AT
N6-methyladenosine

S-SR 5'-deoxyadenosine

M2 deoxyadenosine

HUEEZ cordycepin

3G -2-WRERR
3-amino-2-piperidone

2 e fudosteine
1-ZE PR 3E-2- F g g A
1'-naphthoyl-2-methylindole

M MERWR MR NEEERER . MR & R B E RN RS 8RR R 2 R

TR R E FREAAIILA Y * R R R IR 5 R IE B R D & R R TR A A s R S R0 R AR PR
HLZBRh & i B TR RS R RSB RER . MLZBRh & R T R RS9

Note: * refers to the same compounds with significantly reduced content both in the ultrafiltration filtrate and crude polysaccharide so-

lution of S. sanghuang and P. baumii; ® refers to the same compounds with significantly reduced content both in the crude polysaccharide

solution of S. sanghuang and P. baumii;

*

refers to the same compounds with significantly reduced content both in the ultrafiltration filtrate

of S. sanghuang and P. baumii; ° refers to the same compounds with significantly reduced content both in the crude polysaccharide solution
and ultrafiltration filtrate of S. sanghuang; * refers to the same compounds with significantly reduced content both in the crude polysaccha-
ride solution and ultrafiltration filtrate of P. baumii.
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methyladenosine ) . 7- B 3& & I 1% (' 7-methy-
lguanine ), 2-fRM1EN4 ( 2-aminopurine ), 2-(—. L%,
3) 2 2 [2-(diethylamino)acetic acid] L & fii F -B
GRREH R WD & 2 B E R G .
BE ¢ (adenosine ), 2-FALC-4-ZK K TR ( 2-oxo0-
4-phenylbutyric acid ). AWEEE (xylitol ), % HHEE
(ribitol ), F[4HEE (arabitol ), 5-[2-(4-FFKFE) M
-1- 3 A 1-2,2- OB R -1,3- 0% B -4,6- Tl
[5-[2-(4-chlorophenyl) hydrazin-1-ylidene]-2,2-di-
methyl-1,3-dioxane-4,6-dione] . N-(5- & it BE -2-
5L )-5- N K& BE My -3- I Bt i [N-(5-chloropyridin--
2-yl)-5-propylthiophene-3-carboxamide] LA . ¥ ¥
R 56 A e A B T e R R A .
2-(2,6-— H HE gtk -4- 3 ) £, B[ 2-(2,6-dimethylmor-
pholin-4-yl) ethanol]. ZZfiE/K7ntik . S HEKF MR
( hydroxysydonic acid ) &M RERFA 1 & & D
EREARM S Y MR MR-F5E 2R (Leu-lle ),
1-F LR AF ( 1-methyladenosine ). N6- 1 2 Jf
( N6-methyladenosine ) DL 3-% F& -2- WK BE fifi
( 3-amino-2-piperidone ) A & B RFA 1 & &=
B EFEREEY .

3 Wig

F[EOKEEY T E A 20 . SR
W R IR L R R 25
FEHAPMIE . bredete . il R e
I3 VAR AWl i 5 8 A S oh g P Ak F kbR gy
B AW ( hispidin ), WINHERR ( caffeic acid ),
JHB% A (inotilone ). £FfLEEZE A ( phellinsin A ),
AR LFMETRE R ( baumin ) EHUEAL . TH R G 5R
FIE SN T AR e
31 fEHEREMEIIE

SHEOKPEY I . B . B RS
hides . bl . RV . BN . DR .
S LA B IR S REKEY T 2
W =2 O O ] R B R AR B 2 ) P E ot &2
P E SCEP TG M (1) A 0 ) 4 e S
i P40 P S EL A 004 g 200 e g g ¥ (2)
M T AHSCE H, 11k caspase Kk, /D
AT EARE, FEFaETT 7 (3) il
T I W5 B e LB 3-3 i ( phosphatidylinositide
3-kinases, PI3K ) #ik . | Z &R/ R EH
% B( RAC-alpha serine/threonine-protein kinase,
AKT ) T 2L 2h # 78 & 5 &) $ 45 ( mammalian

target of rapamycin, mTOR ) BRI /K-, 40
AN PISK/AKT/mTOR {5 53 ™5 5 P A1
g0 B Ah 98 5 B H B ( extracellular regulated
protein kinases, ERK ). c-Jun kinase ( JNK ) I p38
SRR R i O G || 2 A SR g S
( mitogen-activated protein kinase, MAPK ) i j#%,
bR an s s A A s (4) fREETIRE
(interferon, IFN ) FIH 45 (IL) &%,
HIBIREIRIEN 75 0, R LA EENLAED .,
32 REKRHWHNTFUESHWROINEEMSE
FEOKEY TN A Y IR M
it . AR A, FRE/NrTFIE Y
/N BRI 40 Hepa 1-6, AT 34T
2 A3 AT DA SR BEORK B IR h 5  Hh B B . A e
IKIRHE . BT -B A EL A R A S PR e S
Yy, IR HE5E Hy 6-95M5| W | 2,4,6- = FIJEMERE | 1
ZRM AL -2- F B mg W A R RS 1-H SRR . N6-
LR . HE R 2-O-H IR . 2-RnsEns 25
M-S, maEm+* . R R+ y - &
Mh-+* 5 T RR-PRIRZE , AWHBE | BRI S 2R 55
A RES 5 M 40 B A AL & 6 s B4 E T
JIe g 20 B 2 < ) D RE TS ) o
3.2.1 A ENE MBI ENE AR
v P S Y BOR B IR 2 K TR . BB A B
TR REE Y, RASE R 3 ANSITHR A
TGN, BRI 995 HE-N2 - F B B AR
% (NSC264-137 ) SfTA=Wxf RAOKR . A
e . Al . Wi . LSRR S s 4 At XA
A2 A i S HLATT A ) B A e R T
IL-6. IL-18. caspase 3. caspase 4. gasdermin D
SRR, LKA e 20 B s 4R (reactive
oxygen species, ROS KF55 , 175 5 Bl PANC-1
AN AR T AN B SRR T R AR /NN
i A B B B A E R AR T 2B A
F1 B ( major histocompatibility complex class [
-related chain A and B, MICA/B ) HJFEiE/KF, 3k
e s H AR A (natural killer, NK ) 21 i X i
AL YR 5 R AR P A K I ik B 3 5t
MEENULEh#E H 2 (smooth muscle actin 2,
ACTG2) Wy#ik, #EMi T4 VEGF, bFGF, TNF-a
Je PDGF S IfiL 48 A B i Rk, i) L A
RS MRS . 405 M T 40 M g 6 5 4R 28 120
322 HIAREASHALIEIIE  6-F] K
1'- 258 Jpk ik -2 FHY 5 05 W 2 5 b 1| e 2R 471 7 i 0gd 24
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WL ORI 25 T 1 P e AR PO
LY 6 S L B 0 T e v U, i
S| b2 A BB ) & i 2 — B,

PR R A BIF 5 HHE DN 5% 2 P i) RE AR LAV R A= K
JIG ) 1AL S AR 8 55 B I 96 24 0 10 A= AR
2, E S v A S 2K Ak B A e 2 A )
FHUHIA FFRARFSE o 3-H SEnk i I o) — 28309
WG R E R, T aE e, w]
ISR S A 3- 0 BLnk BE S5 A AT B, B HLR
U . R S A s R

323 HHF-mA RS DAL BENE  RE
HE A R BB 2R, AR | Ne- R
( N6-methyladenosine, m6A ), N1-H FLAR | 2'-O-
FREIRAT S5 o R IR 2 R R A [ R o h
FikmneEy, R D REfAEE L
FER B BT AE AR B R A o N6-F L IR 45
Z 5 S e — M3l S Bl g gili, =
5 mRNA | miRNA B85, BIFESEAYER, 51
B P RE R, SEE . . BE .
SN B DR N R L 55 22 P RAE Y K AR 2
BICIED4, Jolyga 240 it T fil i gk g A R A P 3
BRI 2P S 30 mRNA ) m6A &Mk,

PET SR R A -0 AR kB, Rk
A R R, BT R ] HUR R B T
PR . BU=m L R DL R PUTE T R T
AEDOST 5 v 2 7 LR AF A R B Z AR AR
wiE Tt — LRk

324 ZRR-FRAKEACEMBLIBALE R
KEEY & A K & R 5E & B2 +* (Leu-Val |

Leu-Trp. Leu-Thr, Leu-Leu., Leu-Ile. Leu-Gly.
Leu-Glu ), #4242 +* (Ile-Tyr, Ile-Pro. Ile-Leu,
lle-Glu ., Ile-Gln., Ile-Asp. Ile-Asn) % —fikZs1fk
&%, LM Leu-Gly-Leu, Val-Gly-Val, Trp-Gly-
Trp. Gly-Pro-Arg. Gly-Gly-Leu. Arg-Pro-Pro %5
IR S, EH RS A I, R
TR BREREEIRCE R A BUATH R . BUAEA .
T A8 45 A 2 i R OO e S K AR A R Y
TR =R BT AT RS S K. =R E
WG e MAMABI I K R B h S A R =R
y-ARAMEH MY, W - B EBRNER . y-
Wi o oy-4 H A H R SR y- A E B R
( gamma-glutamyltransferase, GGT ) i {ifi 1F )i &
PG RV i v S T, e A R I PR

Rl bR, R BN @R G AT LA
R e AR AT g A B R R Y
Y- 2 W+ A K2 W AT e e I Y A K
( glutathione, GSH ) fRiffi&4%, 1877 ROS /K¥F,
I o1 ek 72 240 L 3 5 RN S
325 HAefes s (1) HIR-B. AUFFEAESR
BOPSOE N -B e Bl -B o — R R RS
I AR T S RARSE AR A B s v, i i
AL 118 NKT 40P 734 IL-10., IL-4, IL-13
IFN-y SF4i R+, KFEDOwRE . o . %
T DL B Y ph 22 R G A T

(2) WEEERY . SRE & A R R
VB, GO AKHREE . PEEE . HEEmE . SREEhEme
] 2 T LA S BT 7 A B B A R > L S LT i
() UL I . WSS ) Jo ] i o e A e 97
SRR RE FE AU, JE % 4 A 1 B 400 ] g 4 A
IRV RES 5 ZPPEBRERS . BB . BRI 2R
A, S ER R A AR ALY R hir
& H 55 A R S BE TG ( mannosylerythritol lipids,
MEL ), AR A YR mEER, BABRE . bt
Al ST PR AR AN M, (E A e
24060 9 4T HIL AR 1 A B 0

ZE ERTiR, REOKEEY) S 1 B R
JETEK IR0 . Bk 1 -B A5 EAA I TS R /N oAk
G, DR EZMIEAL G YA B0 RSy
Ry fifp B SR AR ) 4 HLEI R TR A0 LA . it
SRR HIAA 10 000 RFARAA Y, 1T BEATH
W N R T RE Y B, Wi
g fb T RE S .
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