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Abstract: Objective To optimize the extraction of volatile oil from Gaoshan Sanghuang (Sanghuangporus alpinus), analyze its
constituents, and evaluate their biological activities. Methods According to the result of the single factor experiment, the supercritical
CO:z extraction conditions of volatile oil from S. alpinus were optimized by the single factor test and response surface method (RSM).
The chemical constituents, biological activities of anti-inflammatory in vitro, antitumor, and antibacterial of volatile oil were evaluated
by GC-MS, MTS, and microdilution methods. Results The optimal conditions for extracting volatile oil were found to be 47 ‘C and
31 MPa pressure for 1.5 h. The yield obtained was (0.326 + 0.005)%. The volatile oil of S. alpinus contains 1,2,3,4-tetrachloro-5,6-
dimethoxy-benzene, 1,2,3,4-tetrachloro-5-methoxy-6-nitro-benzene, linoleic acid ethyl ester, and pentacosane. The volatile oil
exhibited significant activities in vitro anti-inflammatory and antitumor properties. However, it showed no significant antibacterial
activity. Conclusion The study successfully optimized the extraction of volatile oil from S. alpinus, resulting in a significantly high

yield under the tested conditions. The integration of in vitro models and biological activities evaluation provides valuable insights for
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pharmaceutical development and resource utilization from S. alpinus.

Key words: Sanghuangporus alpinus (Y. C. Dai & X. M. Tian) L. W. Zhou & Y. C. Dai; volatile oil; response surface method; extraction

process; biological activities
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Table 1

volatile oil of S. alpinus (x £ s,n=3)

Effects of extraction temperature on yield of

R C 1R2/% AW/ C 2%
35 0.13340.008 50 0.25440.009
40 0.17440.007 55 0.19240.006
45 0.29140.010
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Table 2 Effects of extraction pressure on yield of volatile oil

of S. alpinus (x £ s,n=3)

EWES/MPa 153/% | FEEUESI/MPa 133/%
20 0.144£0.005 35 0.234+0.005
25 0.17240.006 40 0.2120.004
30 0.265+0.008
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*3 ZFEEXMSLRFFELHSEIENE (X+s,n=3)
Table 3 Effects of extraction time on yield of volatile oil of

S. alpinus (x £ s,n=3)

ZE IR []/h 2% REHLI 8] /h R2/%
0.5 0.1210.008 2.0 0.2200.007
1.0 0.15340.006 2.5 0.1810.009
1.5 0.2820.008
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Table 4 Response surface experiment design and results

RS  X/C  Xo/MPa Xs/h Y%
1 50(+1)  30(0)  2.0(+1)  0.30320.004
2 50 (+1)  25(-1) 1.5(0) 0.284+0.001
3 40 (-1) 35(+1) 1.5(0) 0.282+0.002
4 45(0)  30(0) 1.5 (0) 0.33240.004
5 45(0)  35(+1)  2.0(+1)  0.296%0.004
6 45(0)  35(+1) 1.0(-1)  0.30120.003
7 45(0)  30(0) 1.5 (0) 0.33540.001
8 50 (+1) 30 (0) 1.0(-1)  0.298+0.002
9 45(0)  25(-1) 1.0(-1)  0.29140.001
10 40(-1) 25(-1) 1.5(0) 0.27840.001
11 40(-1) 30(0)  20(+1)  0.277£0.003
12 45(0)  30(0) 1.5 (0) 0.33040.004
13 45(0)  30(0) 1.5 (0) 0.32840.002
14 45(0)  30(0) 1.5 (0) 0.3310.003
15 450)  25(-1) 20(+1)  0.279£0.002
16 50 (+1)  35(+1) 1.5(0) 0.322+0.002
17 40 (-1)  30(0) 1.0(-1)  0.292+0.003
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Table 5 Response surface statistical results of regression variance analysis

TERIE CPM BHE ¥y FME P{E REBMW|IERE PLM AEE ¥ FE PE BEN
AL 730X107°% 9 8.11X10766.34 <0.0001 #HHEFH| X2 1.60X1073 1 1.60X107 130.67 <0.000 1 %%
Xi 8.00X107% 1  8.00X107*62.23 <0.0001 #EFH| X 170X107 1 1.70X 1073 140.93 <0.000 1 ¥ &3
X 6.00X10™% 1  6.00X10™48.70 2.00X 107 23| X2 L60X107 1 1.60X1073 127.33 <0.000 1 ¥ 23
X 1.00X10™* 1  1.00X10™* 7460.0293 &3 | #%% 1.00X10* 7 143X107
XiXa  3.00X107% 1 3.00X107%23.65 1.80X 1073 #REE| £MBT 1.00X10* 3 333X10° 292 0.1635
XiXs  1.00X10% 1 1.00X10% 8.180.0243 &3 | %%  268X105 4 6.70X10°
XoXs  122X10° 1 1.22X107° 1.00 0.350 1 & 740X107° 16
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Fig. 1 Effects of interaction between various factors on yield of volatile oil from S. alpinus
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Fig.2 GC-MS ion chromatogram of volatile oil of S. alpinus
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Table 6 Components analysis of volatile oil from S. alpinus

U5 W& B K 1 CAS 5 X &%
1 1,3-Z=&-2-INE (1,3-dichloro-2-propanol) C3HeCLO  96-23-1 0.44
2 3-F45-2-TH Cacetoin) C4Hs02 513-86-0 0.05
3 33--HEO K (3,3-dimethyl-hexane) CsHis 563-16-6 0.11
4 %t (undecane) CiiHos 1120-21-4 0.92
5 TB% (nonanal) CoHis0 124-19-6 0.36
6 (-)-4-HkfHEE [ (R)-4-methyl-1-(1-methylethyl)-3-cyclohexen-1-ol ] CioH130 20126-76-5 0.93
7 2-(4-WFEIEI)HN-2-FF (o,a,4-trimethyl-benzenemethanol ) C1oH140 1197-01-9 0.42
8 (S)-(H)-5-FHF-1-CFF [(S)-(+)-5-methyl-1-heptanol ] CsHis0 57803-73-3 0.13
9 +=¥t (dodecane) Ci2Has 112-40-3 4.78

10 ZH5EA (4,6,6-trimethyl-bicyclo[3.1.1]hept-3-en-2-one ) CioH140 80-57-9 1.42
11 1-F#f#-3-Fd (1-hepten-3-one) C7H120 2918-13-0 0.12
12 2,4-Z¢ ¥l [(E,2)-2,4-decadienal ] CioHisO  25152-83-4 3.92
13 +=#%¢ (tridecane) Ci3Has 629-50-5 2.57
14 45-—HWHT%E (4,5-dimethyl-nonane) CiiHa4 17302-23-7 0.26
15 i 4% (cetene) CicHz 629-73-2 0.60
16 2,7-—H3#+—% (2,7-dimethyl-undecane) Ci3Has 17301-24-5 0.54
17 FMIEAM [(E)-6,10-dimethyl-5,9-undecadien-2-one ] Ci3H20 3796-70-1 0.92
18 3,5-—H¥+—)% (3,5-dimethyl-undecane) Ci3Has 17312-81-1 0.72
19 6-Z.3E-2-H 2S5t (6-ethyl-2-methyl-decane) Ci3Has 62108-21-8 0.66
20 oA EHE ([15-(10,70,8aB)]-1,2,3,5,6,7.8,8a-octahydro- 1 4-dimethyl-7-(1- CisHas 3691-11-0 228
methylethenyl)-azulene}
21 (+)y- 28 {[1R-(10,3a,40,7B)]-1,2,3,32,4,5,6,7-octahydro-1,4-dimethyl-7-(1-  CisHas 22567-17-5 229
methylethenyl)-azulene}
22 5-$RHE2 A-TRUT REFERKIEEE (5-hydroxy-pentanoic acid, 2,4-di-t-butylphenyl CioH3003  166273-38-7 1.21
esters)
23 M [(R)-1-methyl-4-(1,2,2-trimethylcyclopentyl)-benzene ] CisHz 16982-00-6 2.67
24 2(3H)-ME —5-5,5- I H-4-G-E T ) CioHi603  4436-81-1 5.98
[ dihydro-5,5-dimethyl-4-(3-oxobutyl)-2(3 H)-furanone |
25 5%t (hexadecane) CicHs4 544-76-3 1.67
26 (1-ZIEPHIE)IF T [(1-ethylpropyl)-cyclohexane ] CuH2 26321-98-2 0.63
27 -tk (heptadecane) Ci7Hz6 629-78-7 2.08
28 DUSEEHF (1,2,3,4-tetrachloro-5,6-dimethoxy-benzene) CsHeClsO2  944-61-6 19.97
29 1,2,4,5-D4&-3,6- &I (1,2,4,5-tetrachloro-3,6-dimethoxy-benzene ) CsHeClsO2  944-78-5 6.76
30 PUSHERETATRES (n-butyric acid tetrahydrofurfuryl ester) CsH1403 637-65-0 0.31
31 1,2,3,4-PUSE-5-FEE-6- %7K (1,2,3,4-tetrachloro-5-methoxy-6-nitro-benzene) C7H3CLaNO3 69576-80-3 14.24
32 KiRFEMHE [1,7-dimethyl-4-(1-methylethyl)cyclodecane ] CisHzo 645-10-3 0.73
33 33-“HEOk (3,3-dimethyl-hexane) CsHis 563-16-6 0.75
34 1,3-K K HEZNE (1,3-benzenediol,monobenzoate ) Ci3H1003  136-36-7 0.15
35 iM&EE (2-propenal) CsH40 107-02-8 0.07
36 MEiHEZ ZHE (linoleic acid ethyl ester) C20H3602  544-35-4 8.38
37 —+H%E (pentacosane) CasHs2 629-99-2 9.97
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T = (2.57%) (F)y-ihEHM (2.29%) o-Fi B2
(2.28%) +-Ekt (2.08%). Tkt (1.67%). &%
WEH (1.42%). 5-F2 K24 — 0T 28 5 R e ik
(1.21%).
2.5 H£HEM
2.5.1 RN RAW264.7 41 NO BRUK 15
M RAW264.7 A 3F 42 96 LAk, H 1 pg/mL
LPS AT SR, RIS IDNFRRRE & (ZER
% 50 pg/mL) ACERIGH, B WL RIEE RS
FLAA R EIREE N 50 ng/mL #HT 2 1% R4 Bk
FEMREE I, WEXNE CRE 29 HARE MR
(L-NMMA) #4. i A 77 e, W IR AR iE
Griess VKl NO A fl, 15 570 nm AL e W6
(A . ERRIEFHEFINN MTS #ATH AT
SR, HEBRAR Sl X 20 P ) 5 PR R

NO A i) 28 = (M IR 2 Asro— it B PH 12 36f [ 28
As70)/ %R Asqo

B B4 K9 RAW 264.7 480, % Griess
VRN g0 B 7R LTS NO REE, kB
FE S A1) RAW264.7 40 BRI NO ()21 Eidi il e g
(half inhibitory concentration, 1Cso). BT AFMFE S
PTG ERITRE R, D% B R EIREE,
PARFIURE S22 IRE N 50 ng/mL #0882 5k
RAMATIEMEE T H LT B 1Cso0 RIEK 7 45
BoR, CLEIYERHIE 25 L-NMMA 15 5%, $ % h
REf IR i Hu ] LPS 155 RAW264.7 40 R NO,
BAB S RIHNETE, U3 R i B 7E 98 0
BIT T B — T AL
252 HRMPAAMEBETEFA  H MTS 320
EFER MM BTG . R F & 10%064
3% BI85 777 (DMEM 53 RMPI 1640) Bt i H /s
YRR, LAEESL 3000~15 000 M5 96
FUB, FEFLAFR 100 L, ZHMIEERT 12~24 h BERhks
x7 SWURRFELMXI LPS 55 RAW 264.7 ELELAAREE
M NO I (x+s,n=3)
Table 7 Effects of volatile oil from S. alpinus on secretion of
NO of RAW 264.7 cells induced by LPS (x £ s,n=3)

o R/ NO 1%, ICso/
(ugrmL ™) I 2/% (pgmL™)
L-NMMA 50 59.31+2.19 33.74+2.13
PR 50 86.98+0.54 8.06+£0.25
CH 4 # )

12.5 67.761£2.04

Fro MMNFFIUFE SV : AR5 A DMSO ¥ i,
PA 100 pg/mL o7 SR AT Y0, (EVIIfH4E AT
PERTHR R LA 1004 204 4. 0.8+ 0.16 pg/mL Ji Bk
20, BEFLAARF 200 pL, BERPALFRISE 3 N EAL.
Wt fE37 CHMF N 48 h i, NHEEA Il
WEEFRI, BFLIN MTS ¥ 20 uL ATREFRE 100
ul; % 3 M EAEFL (MTS i 20 L AR5
100 pL VRS, 4RZE0FE 2~4 h, RN A5
BHATIEME 4 (5. et EF 492 nm PHK, £I)
RER AR LS FL 4 18, KL R

HRUNE R = (A e —A w2 )/(A tm—A =)
A N EAH MTS W 55700 M A 18, A v BER
MTS ¥ G50 AIRIZEY) IR R/ IA AL B 1
AME, A= NG MTS B BEFRIM 4 8

FRR SN (DDP) ATEAZEE (Taxol)
2 NP E Y, DA IR R AR, 41 A
FRYFR AR A2, M S (Reed
and Muench %) THEALEWIIT) 1ICso 1H

1g1Cso= 1 T BN E5 T S0%4H A 7775 3 (KRR 5 (R 3o 2+
P B9 E A8 X R AR B X £

PEEHLB = (T ST S0%20 M 1735 R 1 40 B —
50%)/(fE T BT S0%AHMLA7 3G 3 10 H 2 8 — KT 50%4H
FRLAEE 2 ) 11 4350

RS MTS B J7 755 824 R hxt 5 bR Is 4
Mo AP HL-60+ JilieE AS549. T SMMC-7721.
FARE MDA-MB-231. il SW480) g
PR, TEFE R IR 5 BB IR N 100 pg/mL B4 5%
A1 T A M AR KA H S, R E R AR
IR IHRIE 45 R WK 8, RIAFE AT 5
N R O s R S R SO = 1Py 8
253 R MINEIEER W K A TR S
DMSO ¥ fRIFIN 96 FLEEFEM, LA 128 pg/mL Ji
EIRFEEHEATHITE, M S FLIMA R (5 X 10° cfu/mL);
1537 CHAF TR 24 h, A HEEFR OGN E 625 nm
BEKTH AMH. LR ER IS A 4
B0 IR DL RS fafhiE . &R G BIBH 2340 1R

ARSLIERUK IR A W S R 1 BR 1R 4 3
TR Byb I T IREE MR AR 2R M B 4 PRAH B
BATHE R MR RSN B v VR I e o LI A FH 7
R NER 9, R EIR, HUPTEIKEN 128 pg/mL
I, FEARIHRT 4 PRAH TR 3570 B AR
3 4Hig

RIEAEVF 2PN R AT FE, AF T
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# 8 BLRFIELMX S FEMAER ICs
Table 8 ICso of S. alpinus volatile oil on five types of cancer cells
ICs0/(ng'mL ™)
2H 5
HL-60 A549 SMMC-7721 MDA-MB-231 SW480
Y8 30.22£2.27 26.60+1.77 19.90+1.84 40.254+0.93 44.554+0.81
I 13.32£0.19 15.87£0.26 6.5940.18 15.77£0.45 2426+1.11
EyA <0.008 <0.008 0.1240.01 <0.008 <0.008
#®9 BLURFELHMINEER
Table 9 Antibacterial results of volatile oil of S. alpinus
o JR IR I Z6/%

i (ng'mL™") KIGEA W S H R faib 1T B ) SR A1 5P

HHRGW 5 97.7240.00
10 99.19+0.11

DSkl 2 100.16+0.08 99.434+0.16
R 128 10.38£2.98 -63.10£0.36 -10.67£1.54 15.93+0.79

AR A, T HARE MR R R B, IR H AT
JE I NS R ) B R, A A BRI A S
I 0331, 2 LA 52 3] SR G ) S Ak P [ A i 2
FEAE KR SOE R 7B, JoH NO 2 —Fh /3 B2
M RIER T, FEAORE R A R, B A R 2
M. SPIEALAIE, S 5ARRREREZE/ERRL Bt
G MR TR MR TR 2, RAEDLRAEF I E 2
JiiE 2z — il MR LPS 155 2 AN
ELIGHIEVE

VTAESR, [E A RIS RIR SR
TR, WA EREIER /NS, K2 bR MTS
e PR HREI P 2 R (1 T
T DU S 29 SR e AR B, R 5
Tk COp MU AT AE R A, T iz B ERE
HH M R i T . SRR R R =
AR, WRIEHLE, R ARGIR, X
IR FRNBE R AR, P 2575 208 43 $E
() LA Je b A A R B R, W R 25 B4R
TP R B N A ARG

AW FCF F B I AL AR COr ERELAR, XfEil
SRR MMAER T 2T, fE0bsEat im it
GC-MS F3 BTl s HA A 3 1) 3 Bl oy A 2, R0
W7 HXF JAE K NO BB LA S AR 74T i 75
e, ERDN RIS IEAN b, i N A A 1
it RGBSR CO, FIEEHUR BN R F1 25 K %
X R A R A R E R (P<<0.01), ALY
AR (] R A R 2 (P<<0.05). fA& 4

RURAIRAS B I SRR COL ZERUGE R M i T2
S NREBURTE 47 °C, ZKEUE /7 31 MPa, ARHUG
] 1.5h, DASHEEKATIRIGI0E, Sehrill 1545
RMEFE %N (0.326+£0.005) %, 5 scE1
B Sy AT BT AR (R4 R T B2 A 2R T A e AR — 3,
Wi B LB AT

FIFH GC-MS 4 HUA3 21 (1) & 1 S 3 R it
TR M, e 37 Mk &4, Hohkixd i &
oy BUE B AL R 3 AL R DY B R
(19.97% ) 1,2,3,4- VY & -5- 44 2k -6- fiFf 2k R
(14.24%) —+HHE(9.97%) I iHER 2.1 (8.38% )+
1,2,4,5-PU5-3,6-— F AL R (6.76% )« 2(3 H)-PHk R i
TEASS- T REA-B-EART ) (5.98%) bk
(4.78%)2,4-%% " J#5 (3.92% ) AEMIAAIF (2.67%)
T =8 (2.57%) (F)-y-ihEM (2.29%) o-Fi B
(2.28%) Bkt (2.08%)« Tk (1.67%)+ &7
WE (1.42%). 5-FR %2 4- 0T 3k 2 5 % e g
(1.21%) 55 FESCITF A A b K & ORb E K
L, IKZS RN, TS E A 5 1 A o S R
W, PRAETE Z BT R Im FHRAE COr 2L
LS HARE, AR Rk G B AR, S AR
PIEVERT AT RE, HEERUAR CO, HA T
B BRINSERR AL, DRGSR G TR COy ERUE
VERART 7 TAERIE AR T7

ASRFH MTS ¥, SHBIE ik CO» ZEHL
A 20 1 e Ll SR R R B AT R ST R AT
RV PR, SRR B IR . AR,
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ARSI SRR DY 128 pg/mL I FEAT RS
PURNE LRI, IR KR . 5 0 &)
BREA . DT TERE < 4S5 5 B 1 2270 W S e 4
fEM .

gi b, BEE ARSI AT P R, RS

B B A BT BRI AL 22 o) BRAE A A

WA RE S A R ERNRVAETER Y, HEN ARSI BT A

TR 17 128 3 25 P Do PR 4 A 18 73 AR At g

Ve Z TBIAEAE PR RIE S AT A 4 B A 4]

Wk R, 35 AR SN E TE th  HR E 1Y

AEAGL RN AT SRB63, MR SRR A i 45 SRAN Y

FAEN R P R] e BRIV R R SR 8] RS BAE

I BUEI RS PR A B AR, A feE

A AR EERELIE 1 U S PR O EN . A

FEN R SR M IR 7 CO R L 2t 2

APRETERIBE T, $E0t VYD BB AR, AL

VA ft— 2 T FUEAE, ORI AR R

SR
Bt AT AREAR. KRR L E5 2R

d A, B AR K FARE AR So AT A o

REZIF 6.+ EAF RN E T

& AP E MR B
ABAR TR ERARAELEZFR

SE 3k
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