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Abstract

The purpose of this study was to evaluate the anti-influenza (H1N1) effect in vitro using submerge
fermentation of Sanghuangporus sanghuang mycelia with cell test and analyze its active com-
pound fractions. Three different timing (pre-treatment, co-treatment and post-treatment) of in-
fection was used to evaluate the anti-influenza effect. MTS assay was used after treatment to anal-
ysis if Sanghuangporus sanghuang mycelia extracts can effectively lower the H1N1 virus cytotox-
icity. The results showed that ethanol extract had better protective effect than the water extract.
Next, the ethanol extract was partition to four fractions: water layer (PIH:0), 1-butanol layer
(P1BtOH), dichloromethane layer (PIDCM) and hexane layer (P1Hex). Among these fractions, both
PIBtOH and PIDCM showed that it can significantly improve the cell protective effect in the
pre-treatment, co-treatment and post-treatment group (p < 0.05). Compared to the UPLC analysis
of four fractions results, result showed that PIBtOH and PIDCM contain hispidin, but only PIBtOH
contains hypholomine B (HB) in addition to hispidin. In this study, PIBtOH showed the best an-
ti-influenza effect followed by PIDCM. In conclusion, we demonstrated that the effect of an-
ti-influenza comes from hipidin and HB containing in submerge fermentation Sanghuangporus
sanghuang mycelia.
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R

AR 5T B 72 F 4 H R 0 PPl R A R B2 % 35 (Sanghuangporus sanghuang) W 246X 2 HiABLHR
REBMHINY G S, HHEATOVIEEREZ 2B, LM MTSE: A R85 5 22 AR ZE B 7 B 72 BBH
TR U KB IT R R RN TR AR ERMEN R R . SRENEEVL T KEY, Bk
BEEYBITEN S, HREMAE, 25 87KE(PIH20). 1-T EE(PIBtOH). —& H %2 (PIDCM)
LK C4EE (PIHex). 41, DIPIBtOH. PIDCMPEAZETRT R FHLIEFRE UL RBTRES, EH
EERFHRAERZ MR (p < 0.05). XI5 ERUPLCEHE)S RIL, PIBtOHXPIDCMA BEEH B
fIhispidin, PIBtOHY &7 hypholomine B (HB), Hui%#&iA% S N LAPIBtOHER &, PIDCMKZ., HIt
HEBRS R BEREE 442 FTHINTRBRFR B T #EK B Thispidin L X HB.

E3: 4]
AR (HINT), BARBREE 2K, XEW), Hypholomine B, Hispidin
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1. 53|

ZE T PR AT MR R E 2 HH IR RO P SR B S e b R R TE B GYRE i R D — B IR O B R
(Orthomyxoviridae) I PR 5, T BURGLIR R 2 i KR B B BeAdi A\ 1 0 i R, i rE A
K WFIRGERE R R A AT =S, AR B A OB B S R, TG R A, SR HRER
FERbe. ESNIARRIE. KIm. W R, SR, R/RS HILZWS R 555 R0 IR[1] . IR ] K AEALE
FrEMERZ, Hehm, 2 NOKT 65 )@ &3 T s IR be %, 51 m™ EK G IHEm4 K
4 41 1 4 il % (secondary bacterial pneumonia) i & 14 5 B £ fili 4 (primary viral pneumonia). i %
(encephalitis) 5% /i J% 2% (encephalopathy) . «C»JL ¢ (myocarditis) & 0 £ JIE 4 (pericarditis) & 5 FUiE % #f (Reye
syndrome) &5 BETM i BAE TS,  H I T-IEH TE AL Qeidt R, A AE RN (8] N S BORE N DR SL2]. s
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ok, WEYRE R T R U R RNA R, KA B B AR R A, ATaE AL
B. C L D BPUF, M, JERL A K B 0y H AT AT iR AL G NRRE IR . HETIRR B O A EXT
TP A 258, Bl se B (Tamiflu®), Dy — i 22 R i AR5 S VAR 71, A 4o 22 S R i )
YERL, R LA ] s s P 0 o 5 0 5 1 L, AT 00 o 38 s A N AR N A% 3, LR BVR T AT
REPER . HRAEBREET RNATE, TR LR TRA LSRR, &K REHZ4Y
AT R RTRe AR R LA, AT R, BRI IR T 2 Eek, Mk BIREA A2, Kt
R BA PR RS R AY BN AR 7 AR

%7 (Sanghuangporus sanghuang)y —#f T E i AR EH@ THEZAMAHAER, R NAEAR
W2 ROR3]. T It BRERE R FEE AN, — iR IAH 2245 Inonotus sanghuang,
HE Wu 25 ANTF 2012 5 H % e AN ¥ B Sanghuangporus, 7 1E Xy 4 4 Sanghuangporus
sanghuang [4]. BRFP4EE S5 RN G, A2 BT 2 523 (Sanghuangporus sanghuang) b 22 /4 TR 45 b it 45
& HO A s SeiniE s 2 Ve [5]. IRVFZ IS BUESER B A AR & JUME. Pudi. Bt
MAEHTA . U, AT IS 7T MRS DR e 1T 2 AR FH6] [7]. BiR & 25 B 2R B T35
BT SEAR A BT & 2N T A ) (Low-molecular-weight compounds), 4141, Hispidin /& — R il A fE T 5%
T2 AR 2 B R A A, AR U 22 BT ST SE B A PAE A 8] HUIERE[O] HURE[10]. FUmREE[11]+
PULE[12]. OB A RGOS B3] DR 1 53— i A 9 & S s M 4 1) Hypholomine B (HB) 7R 4
YWHNEBPEM. PURAPURTSI[14], {5 Hwang 25 A BT F 2 FE &4 Phellinus baumii 75244, AR
Ao 5 ARS8 5 F I SR R, A 7R FHAS [R5 957 5 5K 804, &3 (Sanghuangporus sanghuang)
TS KT B 22 AR 24 N Ik /D AR L PUm S ok

it bR, AR B AER RS KR 9% 2 S0 B 22 A R R R PR A G HAIND St Es 35 2 B e
DRSS FERB B PR R, DA S 2R T UK & A P B Bh H i B 85 2 7

2. MREF*
2.1. E#M

2.1.1. KiE

ARG TR W 25 Li AT 2020 FATRRIREMFESAEF, RECE(GE, #BiTE)
L X (6] R4 2 B A 7SR b BT 2 BT A o 1 22 Rk el AL K5 5% J5 4 Internal transcribed spacer (ITS)/F 1 %
EVEEEHEME, ERREMEEETAET &M DI ERI 5], AMEFE S OEMES AN
BCRC930210.

2.1.2. BISKREEBLRERY

FH 5888 B 2 ARSI PR I 1 om® Z AN SRV 1.0 L 2B REFR (9 1% 470 . 0.3%0%
BH I, 0.05% MgSO,, JERHE A4 2 pH 5) ) 2 THRFE N, MR 224K T 25°CHEE N LU & 120 rpm
R MERE G SR T R, Wi E 0 PR %A 4 500 L LA K 20 ton RIEFMEHET KR 9% .4 10 RIS,
JITA3 R 22 A R B AT WORE A IR TF DL BRI R, 4 R B 2R TR AT iR AL, Rt —
A BT BB .

22. HEBIESSHTE

221 REENIHIRSE
W2 RE T ARG, B RS54 K LEEL 1:20 Z WHES I 121°C, 30 204, TG 2 H
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TR B O R BRUTTEY), K RIS T AR T RIS K RS o VB A EU) W2 1R 22 AR T4 R LA
HE 1:20 Z FEHNREIR G ZE 1 /NN, BRI =K, & IR BOR A e i J  BISRAS ALY o
KRB RER ST 5 E K. S e SR T REE AT 2 Bl 4 25 A (partition),  WUERTS IE CUbt
JZ(PIHex). —& H %2 (PIDCM). IE T 2 (PIBtOH) J2 /K 2 (PIH20) 3 U443 2, 43 fl#E4T UPLC 43#r
FAE e o
2.2.2. ZBSthE

PL_E DG4Sy Z ) 3 A UPLC (Agilent 1290 infinity 1) #E47 2087, 1 B 20 B 928 5 (Kinetex 1.7 pm
C18 100 x 3 mm), DAD £l K 5 7E 380 nm, mahAHA 0.1%F L: L = 85:15~60:40 (0~10 min).
60:40~0:100 (10~10.1 min). 0:100 (10.1~12 min). 0:100~85:15 (12~12.5 min) X% 85:15 (12.5~15 min),
WE 1 ml/min Z 264 T #E4T 70 0. Hispidin A7 #E 08 B T Sigma, HB 5 #E i U A 5256 = 3 47404k
KGR
2.3. IREHK

2.3.1. kiR

TR TN A BRI EE AIWSN/33 (HINL), A SR 7t B Jak DR AT 70 0o /2 X Bt T P £t
91993 5 B Z SR bk
2.3.2. #EFF R IiE(Virus Amplify)

H A LU E5 (HANL)OE S 100 pL (29 100 TCID50) A SPF (Specific pathogen free) X i 25 () J% ZE s
Je ARSI AT S0, AR R RS R 1 & 2 K, FION 4TSRS, B R R Rk
i, BA-80CHEE,

2.4. YMpAk
2.4.1. KR

MDCK (Madin-Darby Canine Kidney cells): X' L4y, W E &5 TALHF 7T AT 2 AP35 o0
(Bioresource Collection and Research Center, BCRC), 4l ffifk%w*5 & BCRC 60004,

2.4.2. MARTE

PRZ UG, BRI N 1 x 10° 40f/mL, ANk RS BB 3Rk FE 2 FBS, FEIA 10%
DMSO fEAUEA, FENGE T R E BN 5 7 B2 (isopropanol) 2 #i 4 &, FE T-80°ChaR)a
HAFTCT WA AR AT

2.4.3. HHRATE

B2 T4l IR A i 9 mL DMEM A2 1 mL FBS % M, FREH A7 T—80°C I AR Bl 2 A& H 1
YHMIPRTE 37°C KB RE v [0 A R OK, 7R J W HE 40 B 28 S R v 48 U (R BE 9%k, BT 37°C 2 5% CO,
ZIEFRFE TR TR .

2.4.4. ‘HRAEFE R 4F4X(Cell Culture and Passage)

20 A B\ S I AT 4RAR RS TR, 1 SR bR IH A A M R IR, P B ER 2R v R B A £h UK PBS Bk
FHREE B ILE KA, N 1 mL JEE Al typsin-EDTA J5, BT 37°C FEH 3~5 20 8h, BIA4HM
TN (AL WG B T IR A VR, SR ERA AN IR D) TS, B 0.5 mL B4R LG FBS kR B Y
YEF, LL DMEM medium ' 4 ffg 4 56 T 50 mL 52500 8 Fp gk AT 850 (B AR 1 52 2 500% g, 5 4351, 4°C),
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M JE Wk s, UL DMEM medium [BIATTIE 2 40 M0 - HE4T TH 5, K4 ik R 3 3 x 10° 41 i/
B, BEMTAMEFEL, FEIMASHE 10% FBS 22 DMEM medium 3t 10 mL, #3: T 37°C & 5% CO,
IR

2.5. fHRATEEZRIRNLE (Cell Viability Assay)

¥ 1 x 10* i A/FLIY MDCK Fi7E 96 fLAEH, BT84 37°C15 5% CO, Birfi b % 3% 24 /Nt s, H
B R B 2 S5 3 A BUVE R 48 /N, FIH MTS assay L ARA7E 5 . H5975 MTS reagent
WL A 5:1, ¥ MTS reagent IMA AL, T840 k6 B 1 /INef, P48 ] ELISA reader /&
490 nm W & H G AE BEAT TR .

2.6. RAFERWNT HINL mBRFZFN

oW S K FEY N ZE Y 4> B LA PBS LA K DMSO ¥ i 2538 Mk B, % MDCK £23: % 96 LI,
B 7 35 75 A H ML UG Bt ), DA MITS assay & S 5 2 HUY 6 HANL AR GL I A] 51T MDCK f7iE %2
e

2.6.1. TaBHIRLE (Pre-Treatment)

TER BRI P BY BEAT, T 4H M IS [RIVR B S REBOR T35 72 F B 1 /N, IR R85 3595 F-
A m.o.i. = 0.05 (35 2/ 44758 multiplicity of infection, MOI)Z HINL ¥ 54000 T 35 724616 ) 1 /N,
FEFRBE IR I A 2% FBS 2 it DMEM 1532, T 37°C. 5% CO, £ 7= #5537 48 /NI, HJ5 Lk MTS
assay Il LA AT,

2.6.2. dIEFFIRIE (Co-Treatment)

BRI 2 S FERE S m.o.i. = 0.05 2 HINL FL553% 1 /N, 2 J5 0 894 BE VR AT 43 ) I N 24 it
HFRSIRREVE 1N, BERREES RTINS 2% FBS Z i DMEM 153%3, T 37°C. 5% CO, 177
FEEE IR 48 /NI, HJE LA MTS assay U H: 40 i 4735 3 .

2.6.3. ;AYTIR 5 (Post-Treatment)

TN m.o.i. = 0.05 Z HINL FFASEFRAT AR 1 /N, W RS 7705 70 I AS R 22
SRR TR IR TER 1/, BRRIEIEFRBIF I 2% FBS 2 #ifif DMEM 35787, T 37°C.
5% CO, F 7R 577 48 /NI, e Jm LA MTS assay I 40 f A7 % % .

2.7. Gt

SO BHE 45 R DL EE AR ME IR 2 mean £ SD R~, FE LA Student’s t-test #EATFE 14T, 24 p <0.05
TGt EAAFREZER, UE: Hp<0.01, MR,
3. KIEER
3.1 REEZMAK, EEWIM HINL ZHH

BEAT SR AU HUR RIS AT, SEVPAE HN TR B 1 £ 40 MDCK 2 5 BA S . Se )
PL DMSO Hi 5 i 5 2 mg/mL ST F 2 0.0625 mg/mL, 7KZE N LA PBS ik ik 2 mg/mL %
MR 0.0625 mg/mL, BEAT MTS $FAf, 4R EIR R AY T 0.25 mg/mL Xf 3 MDCK )41

FAHFERT 80%: FE/KFEWT 1 mg/mL X T MDCK ZHiEH 40 IAF 5 KT 80%, J&2kt ALK EE
BEAT SEIR (K 1)
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Figure 1. Effects of Sanghuangporus sanghuang extractions on cell viability of MDCK cells
1. REFERYIXT MDCK MM EER

3.1.1. Fafs
T iEe 45 R R, R LK ZEY) & Tov A R D HAIND s 75 88 G B B 1 4 it 7 3% 3
%(4 2).
Pre-treatment
120 -
100 A
= 80
e
E
% 60 -
3
8 40 -
20 |
0
Group Control HIN1 &3 b3
H1N1 - + + +
Figure 2. Pre-treatment effects of Sanghuangporus sanghuang extracts on cell viability with
H1N1 infection
E 2. REZEEIXTF HINL REF R IR F 5 R0 (TR LE)
3.1.2. tEFF
LRI A0 PR (1) S B RN 2 A HAFE 25 HANL 4HAH EE3E N 26.3% (p < 0.01); /KZEMM S HINL 4
T 7 R (K 3).
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Figure 3. Effects of Sanghuangporus sanghuang extracts on cell viability after co-treatment
with HIN1 infection

3. RAEIIXTF HINL fFHRLZ MR FE RN (5 FH L)

3.1.3. /&7
SEEREY AT B 5 )T R 2 A AT R 5 HINL A EL3R T T 4.5% (p < 0.01); K& 2 41
MAFE RS HINL AR EZ T, T Rem i AMEHE 4).

Post-treatment
120 -

100 A

Cell viability (%)
= a %
=} = =
*
*

g
=
L

0

Group Control HI1IN1
HIN1 u -

Figure 4. Effects of Sanghuangporus sanghuang extracts on cell viability with HIN1 infection
(Post-treatment)
4. REFIWITF HINL JREREZ AR FEREZMGATTIRR)

3.2. REBHEYSEH HINL 23 H
5L MTS assay FRR AL SR 2 EEANFIKE N4 MDCK Z B2 41, HKHE S286 45 Bk 7
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WRKT 80% R EVENE SR E R 2 & EifE, FILE PIH,O. PIBtOH. PIDCM. PlHex A&
W7 3 g N 500, 62.5. 125, 500 pg/mL (1 5).

120 B31.25pmg/ml. B62.5pg/ml. B125pg/ml. @250pg/ml. @S500pg/mi. @1000pg/mi

100 —

(=]
=

-a)
=

Cell viability *%)

'S
=

20

Cell PIH20 PI BtOH PIDCM Pl Hex

Figure 5. Effects of Sanghuangporus sanghuang extract partition on cell viability of MDCK cells
5. RRERYST BT MDCK ZHRR) 7R R Z 50

Pre-treatment

120

B390625ng/mL.  O7.8125 pg/ml. 015625 pg/ml,. E31.25pug/ml  @62.5pug/ml. ®125pgml  E250 pg/ml. @500 pgml

100

80

Cell viability (%)

40 4

20 +

0
Group - - PI H20 PI BtOH PI DCM P1 Hex
HIN1 - + + + + +

Figure 6. Effects of Sanghuangporus sanghuang extract partition on cell viability with HIN1 in-
fection (Pre-treatment)
6. RRERYST BT HINL HmEREZ M EEF00 (TR E)

3.2.1. FapH
T AL TR, 5 HINL 4L AT EE, 500 pg/mL () PIH,0 . PIHex 2H 2 40 i 7735 2 4> 5l $2 T+ 5.65% (p < 0.05)+
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7.54% (p < 0.05), H PIH,O T 250 pg/mL K FANSREA B % 7 1M 125 pg/mL 1) PIDCM Z 40 i 4735
42Tt 29.09% (p < 0.05), H PIDCM T 62.5 pg/mL ik MR BAA BHE % : 62.5 pg/mL ) PIBtOH
RIS R IR T 17.42% (p < 0.001), H.F 31.25 pg/mL HIIRFEE FABAR BA 2% 2 7 (7 6).

Co-treatment
120 B3.90625pgiml.  B78125pgml I5625pgml O3125pgml  BELSpgml B12Spgml  B2S0pginl  WS00 jignl
100
— 80 e
o
S .
o *
2
Z 0 -
B |
s T
2 [
o
20 |
0
Group - - PIH2O P1 BtOH PIDCM Pl Hex
HINI s + + + + +

Figure 7. Effects of Sanghuangporus sanghuang extract partitions on cell viability with HIN1
infection (Co-treatment)

E 7. RAFMMH BN TE HINL FRER~ERZ MR AR (3EE715)

Post-treatment
120 -
03.90625pg/ml B7.8125pg'mL B15.625pg/ml 031.25pgml B62.5pgml H125pg/ml 250 pg/mL W500 pg/mL

100 A
—
;i 80
=
= %
S 60 :
-
=
9]

40 <

20 A

. _
Pl H20 Pl BtOH P1 DCM Pl Hex
+ + + + +

Figure 8. Effects of Sanghuangporus sanghuang extract partition on cell viability with HIN1 in-
fection (Post-treatment)
E 8. REEMYHEXMNTZ HINL IRERR AN FEERZID(ETTIRE)
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3.2.2. HiEF

LRI T 5 HINL 4AHEE, 125 pg/mL 1) PIDCM Z Al {7 3% %452 T+ 40.67% (p < 0.001), H
T 62.5 pg/mL 1 EAH BEZER, 62.5 pg/mL [ PIBtOH 2 41 7735 K W42 T+ 31.56% (p < 0.05), K& T
7.8125 pg/mL WA B A BEZ R, HEIFIEBMN(E 7).

3.2.3. jAYT

TBIT AR ERACPERS, 5 HINL 44, 500 pg/mL [ PIH,O 2 4735 R 52 7+ 10.67% (p < 0.05); 125
pg/mL fJ PIDCM Z ZHJ A7 1% 3R T1 23.97% (p < 0.01), H.T 62.5 pg/mL 5 BA BHEZE R, 62.5 ng/mL
PIBtOH 2 41 g £7 % 5 N $& T 27.65% (p < 0.05) (K 8).

3.3. UPLC &R
Eb X6t o v it e Bt 26 I » 1 BE IS 1] 3.36 min A% 3.99 min, 435175 21k 44 Hispidin & Hypholomin B

W5 45 ER, NMRMEHEASZF, PIH,0. PIBtOH & PIDCM &% B H BB 2 1¥) Hispidin 5, {H
HA Y PIBtOH 43 )2 B o [R] B st 21 HB 35 (55 1).

Table 1. UPLC chromatogram
= 1. UPLC SMf45 R

FE Hispidin (ppm) HB (ppm)
PIHex 0 0
PIDCM 122.67 0
PIBtOH 120.99 44.28
PIH,O 1.16 0

4. ¥1ig

KRR Z FERE LR, HAAT T EEREZ TSR B4, I 50 B Fh 4 8 K 2 TEh ) sk
IS B T 2 Ak, HOAT R KBS IE[5]. 9250 L HINL R34 MDCK K5 40l fF e s, F
il 2R i A HE 5 2 75 1T DABR T R 08 B3 B T N B A AZ VG 5, D — Rl i e Al e i e A . &%
REIR, FEWEEYEILRT 77 LR IT RS I ORI T KA, (HAE S TR R B R E
DB B AR AE o K ZEYTE = DA BB 5 B9 R L 280 255 R TE P, AR Chiu 5 AT 2012 R 1B Fide
R4 4 22 Tl T e 2 R 0 78 % 2 0K B 7 25 T 11 3 4 L T 1) 2 R G 7 o 0 R B T
R [15], X AR 2 BT 45 R R, R B ERTIR IS, SOULR AL mT 2 45 42 7+ 40 i
AR, FREWAEYH 2 N2 ML O RGN TYI[16], B 7R T 77 BV 2 5B Je S Ak
[17], TARAMALS R LI T e ELEAE ) TRBOR B R M A 1, PRI B PE[14], (HBAHRR N
SIS AR AR NS, DMSO IR R FARE, 3 EOA M AR TINT T TR, 8w 3
RUOFETTR BIPUR E R, BT DA SR T S S .

VAT o B i, RIS EI S, 7 B AEH (partition) 3R 73 IE Lkt 2 (PIHex). & kT E
(PIDCM). IE T EEZE (PIBtOH) K&K Z (PIH0)H:PUAN 43 2, 4347 UPLC 23 #r e k. 45 3R Bon T
WRET . LR FEE BT R4, WEHETE A 4)ZPIDCM). IF T EZ(PIBOH) B2, HIH%
B MO FRAAETE R AL T0%), FH & BHEM T 1E Ok 2 (PIHex) & /K2 (PIH0) (FLEs FR 4117 1% RLTE
40%). i, —FACERREAT, DRI IREAE, RITACRIRE, T4 R K.

IR T SEBREH & BT, 2 L6X UPLC 2t fa, 45 Ranse 1, &I Hispidin 2 &4 54 PIH,0
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1.16 ppm. PIBtOH 120.99 ppm & PIDCM 122.67 ppm, ifi HB M # & I T BtOH JZ(44.28 ppm); T3
B 773560 7 PIDCM 41 & R B HB, (B4 HAT 7% 14 , #HEl Hispidin 7] RE RIS & 5 2 — . LT PIBtOH
BARAT N 7.2 ug/mL, 1 PIDCM 2Ky 125 ug/mL, P53 1F FIK LM 2230 18 %, #kcdfedll HB Al EA
B AN RPURTFIE RS . S Hwang 25 N 2 BRI [14], HB 2 G PEE T Hispidin, £ T
R Phelligridin D JUJ EAT S5k = A5 o 5 10 A B8 TEA -

AP F, KIBL LR EERE RS Z, BRI G &, T e
b, i el R i SR AT AR A — /N, PR O GRS A A AT SR, I G SR R
BRERYLT)NRE, R HED AT BE R RE S BT B TR R AR, A T AR R D N R, AR
TRAPRCR . 4, RS R BOR B AR IRES H, IR IS FEAR & A0 B 24 W) B
75 (Remdesivir) B 7], 78 & VA 97 R E TR, JL 25 BRI 0 2495 55 B GL E N GHL S5, #4324 T & il
1 F 1599 B FH LA & il (replication) H S 1% FR it FH 2 &2 il i (RNA replicase), 11 {5995 £ JC 75 A T B G 41 o
PGB, Ik B RH WA R g — IR fE L, IR S SCER[141V) &, RN Z BRI A BRI A
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