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3L ] [ A 2 e v ) AR Ak A W

F9E R, T P VB FH S LR A0 i A T
(IR O, LA 824 6 28 e 241 (tripterygium gly-
cosides) %3 i 5 W toll AEZAK 4/ H T - xB
(TLR4/NF —kB) {553 [ , #5H0 A0 ] 2 5E A 1)
FOWL, A48 AR RS8R T TNF - A i
FIL - 18 Ml IL - 607" & )T & ¥ Bt & 1E
FHL2=B 0 BE £ 8 (lipopolysaccharide , LPS) AT LAH 5]
FEEE TLR4 5 F TR sh R AE N, B 40 i 5
AbFHEZS T ALSS AT T4 4 (0 M1 R 1 ik i M2
PR R TR BN Az LPS IR | 3%
fERL M1 2% 439 TNF - IL -6 25 M1 45 E
DL —E AL R A INOS 45 R AE R+, v LR ZY
YIHT R BT

TRAMIFGEFE B, 76 28 i H 2 nT LASE o0 e S0 4
P S O 35 1T S BOFF B 3 . A6 N TE B 4l AR 102
W B AR R (AL B BE 60 ~ 180 nmol /L, 4b LA}
6] 12 ~ 48 h) R 3 i B [a] 0 50 52 40 86t 1% 48 M 5
PEVO a5 & I B A 102 35 M A K F T
RS TR N R Vs 8 A N (17 A Do R |
1o, ShsEsth Wos , FFIE R B A e tE Ui 0 5
EHRARE 2 NI R S T VA G
1R 39 1) TR T T T R S R P A =
B

AR SCLARZ N 25 P EC B 2R B XL n) [ 4 & I
AR S W2y PRI T TR e, A9 31 & 2 30 KA1 40 K1)
FEYI R BRI, LB AR LPS 75 S/ M1 RS g
N BRI AE PR T L S Rk N TE 5 200 i 156 5 ) 52
M) , -0 VRO € 3% — T3S 6 ( LC - MS) Jr ik o i
T TN K WEHT 5 1 oy ARk

1 SEEE 4

1.1 SEISwRA{ES
L1.1 a4

TAHEN A IR AR AR AR, R
PR A b A B R O A B oy N B
RAW264. 7 4l Z W A 1T o583 A P4 AR B4 A B
oSaE] L NIEH A0 102 40 i 22 006 1 b9 6156 A= 1)
BHEAT PR ] TNF — oo BEFIK G 58 W BRI 72 ( ELISA )
A& L -6 ELISA {75 & A EBRvb s A= R
AHBRLF],LPS £l CCK -8 il & [ b st KK E R

FABRA T, B DMEM 1535 5L 5 RPMI - 1640 55
FREEMG A AR R A B ARAT R R, B A T
R AR FHE MBS A RN A
BHEABR AR  HAbGRF B R 3B 4l W 1 b st B
BAMFARGRATF

1.1.2 L%

M TAER (SW-CJ -1D B JR 4 fb i 54
FRNE]) M 346 (311 Y Thermo Fisher 236 ) ,
FE I TE T 5 5546 (LHC - 150 & b 5t bl 75 RH% A R
ONED R E K E S (BKQ-B50 118! 1 Z: AR 9
Pl AFRAF]) TR ( BSA224S Y | Sartorius 2
H]) BRI (K3Plus Y| b ¥ 52 T fl Rl 2f AL 2545 B
N B0 HL(Heraeus Pico 17 Y Thermo Fisher 23
A fEIRTHRAE (DGG -9070A B | b i #7552 56 {Y
A BRI ), A A5OBOAH € E DY R TR AT IS [R] R
1B 5 3% 1L ( XEVO — G2QTOF # YCA121 % Waters
NI
1.2 WEEEKELE

FETCH M T N R Z R R B VIO, 5 em’
PRI e 5] Th A8 A A B I IR (PDA ) ARk i 45 57 2
b BT 28 °C FHRHEEE 60% ) 51F F R 5% 6 Kt
FRIEAR0 2 FETC TR 4 1F T TG AR G R 2 bt I
YIRS ~4 H 1 em’ BB, B2 AZEA 100 mL W AAFP T
KRR 50 250 mL HEJE D, & T 28 °C Hal LRy 4%
TR RA 120 v/min 5557 6 K, PRk AR | BFEERK
INBISTH AR 1R R B AN, WA 5 5
BC Ty . F A 20 o/ L, B REHY 5 /L, KH, PO, 1. 5¢/L,
MgSO0, 0.75 g/L,CaCO, 2.5 ¢/L, VB, 0.1 g/L,

WA HET 55 C TR, i 15 0 (LR
514 0. 177 mm) J5 HE A SR, PL 100 mL/Jf
HEAAZ] 250 mL HEIE T, 121 °C KT 20 min J53
SIHRP R Z TR, HeAP 43008 7 mL/100 mL (4 44
S N1 41) Al 10 mL/100 mL( fiv 45 N2 41) , F 41 %
B3 ASEATX IR, BT 27 € X E 60% H.
WA T RGN I — e K ), BER AR R
ZIAEREM I RIC R S RS, ER
TS 30 KANZE 40 K, A NT 41F0 N2 4 i B R
WL, T 55 C T HMiE, T As R 8 T BT 2R 43 5l
FRid A N1-G30( N1 414 30 K) N2-G30(N2 41
K30 K) N1-G40 (N1 2 & B 40 K) . N2-G40
(N2 UERE 40 K) . BB RBERFRIEPNEFL
e

R PRIR TR LT AR AR 0.2, BT
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2 mL TR TP TR, A TCK I EE 1.5 mL, T
30°C.500 W i A $EHC 1 h, ¥ EE R, U
12000 r/minZ5.(> 10 min, 7> B9 8] I, BEHLE
FE10 4, A ARELRE 3 K, BERHLE
W, 28350. 22 pm AL UERR S , 45— 5B 7 U8R B3
T A, 55 — 34 Ak £ R T, SR 5 RS 25 Bk B
0. 1 mgE B T 1 mL B4R, T 121 C K
20 min, SR J5 7 B A [ B FH T 20 A X2
1.3 ZHfaEEsF

/N RAW264. 7 i E T 37 C &% 5% CO, 1Y
oM R A R R 3R, LR 10% IR AR Y
100 U/mL5 55 2 Fl4E 25 R BT = 8 DMEM 1 7
FR ot eI AR R 2 ~ 3 K O A
A A TR

NIEH 40/ 102 ¥ T 37 °C 1% 5% CO, 1 4
MR g A T B 5%, LA 10% B 4R 1L B9 RPMI -
1640 5325 R SE R IR AL AL 2 ~3 K, ik
BB K 40 A T
1.4 ELISA i3

i of ELISA 3 39 K I R 5 & 5 % /N B
RAW264. 7 4B TNF —a F1 1L -6 BI520A, /NER
RAW264. 7 41 LA 45 £L.10 000 ~/100 L $£78 T 96
fLAR , LPS b33 () BT it Ve BE R 1 pg/mL, B AT R
TP AL EE Y T B VR B R 3. 75 weg/mL, B E XS R
HOMA LPS HAMAE S (R A RERE) ), ik
WAL(CIA LPS FIfEah) o F54541E T 37 °C & 5%
CO, F AN LS IR A48 b B 97 48 b, B0 e AF A 1
T# , fE ] ELISA 58] & A TNF - A1 IL-6 B4 AHXT
T,
1.5 CCK-8 ik

L CCK -8 g kil R B B Joo o A IE & JH- 2
ffl 102 ¥ 58 B 52, A QE B 4 i 102 DL AL
10000 “1~/100 wL 150 F 96 FLAR , T 2 JHE Fll 5% 75 1
JrAabPRAY BT EE R 1. 88 3.75 7.5 ng/mL, W&
X REZH (A7 AR MR AR A i (R AT VR TRIT) )
I H (A E AR o I CCK-8 11 &
T 5 40 R s A, 4% BR (1) TR 4

C=A°_A°><100% (1)
Ah _Ao
A, C YIS J1, A IS WO, A, A X
HRZH G (R, Ay W TS SO R,

1.6 LC-MS illix
3L LC-MS X b 5 2 e A1 2R 75 T o A% Rl 40 22

SRR ORI YRR A TR, (s AT
M LK = S it 3l AR AT 86 B2 Uk G, I
0.2 mL/min, H:ift 45 °C, #EFE IR 5 wL, BTGB 17 4%
P EST+ , 3 T FA 5 e m/z 50 ~ 1500, B4
FHUE 3000 V, RS L 3000 V, 2K 5 spectra/s
iz ] MassLynx V4. 1 B4k 2153 A 4 , R H Ele-
mental composition 718 m/z X 4352, HEDIAR G
WGy, AR BAT R PR T m/z 956, 70 HER =
20000 /542 55 (FWHM ) , H AN 26 R B 5 % F
m/z 152.0712,53HF3 =10 000 FWHM , H A 2k R
R, i 4 A2 m/z,
1.7 SEitESHR

SIS EE R H Origin BE T804 (2018 Ji) 47
O3AT  REAR RO B R 58 A B AL BT Y S P 3R
T2, P<0.05 RnEmrAgitvrEX, EE
Bon =3, B0 FHME 2 bRIEZ RN,

2 HREE

2.1 BEABEWNEBEXRLZETENE

TS PP R 2 UEAT 0L [ AR A 18, 78 & et
RS YIEL N1 A N2 A b R 2K
RO, AR S, a5 R E 1 Bk, RIS 8 K,
N2 ZH T4 Y B R 2 T 22 TS 14 R N1 T IR
WML R Z W22, KB 17 K N2 P REERAK
WA KBS 22 K ONL AP R 2B K 2260, N2
B e KW KRR 25 K N1 dlh R 2B
AR RS 30 K, N1 4 R B 5E e K
S, N2 R Ay R 2 R A K R TREER 40 K,
NI A AR R 2 N2 2 PR HDIR R 2 A KOG
45 LW 7E 7 mL/100 mL 1 10 mL/100 mL fit 42 Fif
R ,30 K] DU R 20 T8 A AT 78 00 K e, OF
HEMERZMRZ AR,
2.2 REBERMTRTEMR

& 2 A A RE 6 LPS 1755 RAW264. 7 41 iy
PR TNF — o (5200, H1 BT 2 (a) AJHT, N1-G30 A
N2-G30 41/ TNF — o AHXF & 08 F 5 A B4,
N1-G30 411% TNF -« FHX 75 &8 0. 236, 5 F5 A
HAREAR T 22.37% (P <0.01) ; N2-G30 ZH 1Y
TNF —o AHXFE R 0. 274, 555 AN LA L FRAR T
9.87% (P <0.05), FHE 2(b) A%, NI - G40 FI
N2-G40 1) TNF — o AHX % 1 5 T A e AT
EXER(P>0.05),

& 3 Sy ASTE]RE 6 LPS 5 5 RAW264. 7 41 iy



A ZHRAE . LT R 22X [ K e o A VL RE S R 7 - 51

N1ZH N22

=

Bl 1 NI ZHAN N2 2l R 2 R A KO

Fig. 1 Growth status of Ganoderma lucidum in N1 and
N2 groups
BRI -6 HYRIR ., i 3 (a) AT, {X N2-G30 21

1 IL—6 AHXT & Il T B A B4l ,N2-G30 411 IL-6
FHXT B iR 0. 220, S A HEAAHLLFEAR T 19. 12%
(P<0.05), MR 3(b)AIH,N1-G40 F1 N2-G40
ZHRY IL-6 XS SR T H A Mk 4H, N1-G40 4
() TL—6 AN & 0. 567 , 575 A HEALAH LA T
15.5% (P <0.05) ;N2-G40 411 IL-6 A& &N
0.451, 5EABEF LT 32.79% (P <0.01)
ZEA DL ESERATS T 3. 75 we/mL Y VR
T RF LPS S/ RAW264. 7 IR TNF - o
I HRIME T, N1-G30 N2—-G30 ZH 38 T 75 2\ e 5 %oF
T LPS V519 RAW264. 7 0BT 1L -6 A0 HI4E
FH,N2-G30 \N1-G40 N2-G40 458 TF /A A . &
SRAS TR O R 50} B AL AR Eb A 4 9 i DX 7 A g
TR SCHR T 2 A B T E AR S ] 5 5 PR 1Y
HAE TR e PR Ay B B P 45 R ) R
JETCR BRI T A BTR G, TR 1 0 A B4R
By, A N2-G30 X/NEL RAW264. 7 21 il B ik
TNF —a Fl IL -6 [R]85 A AR F  FB0 s PR T 1

0.4

ok

n.s. ’

TNF-otHXT &

Xt EAEE N1-G30
ANl
(a) ZIEE3OR
0.5 s

n.s.

N2-G30

XTI A
NG
(b) ZEFA0K

N1-G40  N2-G40

# P <0.05, #% P<0.01,n.s. F° P>0.05, T,
B2 ARIFEFEA R LPS 755 RAW264. 7 AR TNF -
Al
Fig.2 Effects of different samples on the content of TNF -«
released from RAW264. 7 cells induced by LPS

ARAFHEETE, I AR SCHE— B4R N2 - G30 11 %
FEEUYE N IE H AR 102 345 A5,
2.3 REBERMASHETM

&l 4 A [m] o v B B 2 AT N2—-G30 X A
IEE 40 102 34 5E 19 5, F 25 R e AL AE
1. 88 wg/mL 1T & W B T, N2 - G30 2H 9 41 i 1%
H51.6% , 5N HEAAM LR T 8.48% (P <
0.05) . fE3.75 pg/mL BT E T ,N2-G30 411
MG 1M 43.76% , 5 A TEA M L& T
14.04% (P <0.05) , 7E7.5 pg/mL BT HHKIE T,
N2-G30 A AMMIE 1 SR AAKRA R EXER
(P>0.05) .45 R & W], 5 H b it & vk & A LL,
3.75 wg/mL AIN2-G30 FHLH B 4 (sl dE 3Ok
2.4 BABEENEHESTW

R T ST TR AR N2-G30 B HUYI 1Y
WLy 2E 5 IR A HE R VA HELLER T R
FRUE S R BB 64T LC - MS M3, 45 B 4n &l 5
TN RTREHT G PRE i 7S (R B IR 1) 2 A 1 £ 33 0
ST R R — B O, 2 B R0 [ A K 1
i 2 0 A3 A T I AR AR
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0.4+ - n.s.

]
4T 0.3

TL-64H%}

3B AR NI-G30  N2-G30
NG
(a) KWE30F

X HABE NI-GAO  N2-G40
NG
(b) JZBFAOK
K3 A[FEFEGXS LPS 55 RAW264. 7 41T 1L -6
bl
Fig.3 Effects of different samples on the content of IL-6
released from RAW264. 7 cells induced by LPS

80
V77 1.88 pg/mlL
N

HHHEIE T1/%
N o
3 3

=}
(=

P4 AS[R]ST i BE TR AN )R %) LO2 290 494 5 14 522 )
Fig.4 Effect of different samples at different mass

concentrations on the cell viability of 102 cells

2.4.1 FARTE

BT 6 A2 T 2 1 o e, A 4t B3] 0 35 0
HEATTETARRR AT o T T A T T i A G DU 1) 7 2 e HH
RIAETE PR dh B T A TR R IS 7 20 T HH
RIWEY T B TU8453 30 m/z2361.1655[ M + H] * |
m/z361.1646[ M +H]* m/z361.1647[M +H] ",
T THE T e 1 WA R R ol R BRI Y 18 950 1 in ]
40804 , R AHE R R0y &8, X 55 A HET

L Il Il Il 1 ] ]
200 300 400 500 600 7.00 800 9.00 10.00
t/min
(a) A BETT
5.58

L Il Il Il Il 1 1 1 ]
200 3.00 4.00 5.00 600 7.00 800 9.00 10.00
t/min
(b) KI5

5.31

L 1 1 1 1 1 1 1 ]
200 3.00 400 500 600 7.00 800 9.00 10.00

t/min

(c) hmttEri
KI5 TR AR A BRI S 1 (3 ]

Fig.5 lon chromatograms of basic peaks before and

after fermentation of Tripterygium wilfordii

RIGTE R R K
2.4.2 FENFEaE

7 FEL 8 439l hr d /A THE £ 25 1 Jo i e A 3
W, RN R T I AR I 2] B S R 2L R I AEAE,
B dh 5 e R TETT RS B A L3R I HE ST
BT m/z 451.284 7 [ M + H] " m/z
451.2838[M +H]* .m/z451.2849[M +H] ", &
P 5 TR N TR 21 25 1 o i 0 iR B Fh ke R IT 1) 120 793
K] 622700, €150 AR 5 B R BERT Y 121 3
JNE] 1023, BRI E AL ZN SN, X 5%
ISEPLR TR ARG %,
2.4.3 FwABs

P19 A B e PN 14 IO e 06 | oA R B 1) € g i
FTIRFRRR Y o T T R I i AR 28 B 1 PR I )
FELE R TN T R I R I T T PN ) 1
I FE TSl m/z 3131803 [M + H] ¥ . m/z
313.1803[M +H]* \m/z313.1798 [ M+ H]*, Xk
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18 827 18 950
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13522
361.2009
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1347032
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L 1 Il Il 1 1 Il 1
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mlz
(c) Prif b

TR — AT R T RN IR I, 5 AT R B L, TR
RPN LN
Fig.6 Mass spectra peaks of triptolide

120 793
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212 2582 76 78
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622 700
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(b) %2 B¢ I5

23 755558
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22631
451394 1
591904 26701 57164 5014
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(c) i
7N THELT 2R R ke
Fig.7 Mass spectra peaks of celastrol

T i A UG 3 T IR A 21 816 14 /m ) 158 216, 3
HFY R T PR 1) 2 S B I0 355 T N TR AR T P T
FA X,
2.4.4 HAmy

Wit m/z AARTE A A, A S LA
FHE VRO, P T o K A T PN TR P ) B DL TR

2267

5.63
121

1 L Il Il 1 1 1 ]
300 400 500 600 700 800 900 10.00

L/min
(a) R BFAT
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1023

U4,

Il 1 1 1 1 1 1 I}
3.00 400 500 600 7.00 800 9.00 10.00
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AR S — A7 BT AR PR B IR E] 50 AT RO O mBURRY
K8 EAMLRMAIEHE

Fig.8 Chromatograms of celastrol
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OF 7RI

i )i
Fig.9 Mass spectra peaks of triptophenolide
FEHE H oy a0, R R B HEAHBAER, K
[M+H] X8 CH, 0, B 10 AFEA
T AT P A T i 0 | A i B3R € i A TR AR
R R I B A T P TR TR ) TR 21 B 1 06 |
A m/z 455.3510[ M + H] " .m/z 455.350 0[ M +
H] " JF HAAFAAE 2R P H,0 0 T ROFRRE I m/z
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437.3403[M+H -H,0] ", #t— FEH—CH, ¥ H
W m/z 422.3279[M + H - H,0 - CH, ] * & m/z
422.3487[M +H -H,0 - CH, | ", ZBJaiEsr 1
B W Y I 5ER FE P R R RT RY 184 028 [E AL 2
123972, R WITH 2B IR T A & sl 0 sk 5
O3 TR BB BE A AR OC

184 028
4553510
10 763 59 637
4223279 437.3403
L 1 T | 1 | |
415.350 425350 435350 445350 455350  465.350
miz
(a) R EFHT
123972
455.3500
10 628 43134
4223487 437.3403
| . L ! )
415350 425350 435350 445350 455350  465.350
mlz
(b) MG
10 EHABE AR T Y B i

Fig. 10 Mass spectra peaks of wilforlide A

3 i

N2-G30 [ B 3. 75 wg/mL B, %F /N
RAW264. 7 40 7ENG Z M5 3 T RO A2 R R+
TNF —a Fl IL-6 R4 01 4E H , 9 Hox A TE & )28
Jil 102 HYBATHEEMERL /N, N2-G30 i FE AN EH % |
FARELR TR MEE & &3S IS5 H A BRI
PEMLEREA G, M3 A N R & 2 5 /A
TR U 2 A ) B AR DG, U I R 2 X ] [ 4 & i
(4Fh 10 mL/100 mL, & A (] 30 K ) fE 6% 1
B3PS A2 1 TR 2N 7 043 P 5 R, DA AR 1
VR BEFRRAE F AR A R 2R [ A & B AR AR
2B RFAL L R R A AR AL, A N AE PR
U -7 R R A FERN L ATk X ]
RIEFAR , W FEARAS b R AR B, FLIE S
BN S 8 LT T

SE K
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Detoxification and sustained effects of Tripterygium wilfordii based on
Ganoderma lucidum bi-directional solid fermentation

HE LuanYing** LIN ZiChun'" LU JianDong® XIONG GuolLiang”"
WANG ShiHui' "

(1. College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029 ;
2. Shenzhen Traditional Chinese Medicine Hospital, Shenzhen 518000, China)

Abstract; The traditional Chinese medicine Tripterygium wilfordii has anti-inflammatory and immunosuppressive
effects, but its clinical application is greatly limited due to its strong toxicity. Ganoderma luctdum was used as a
medicinal fungus to ferment Tripterygium wilfordii by bi-directional solid fermentation. The anti-inflammatory activi-
ty and hepatotoxicity of the fungal fermentation product were evaluated. The results showed that the product ( N2-
G30) obtained at an inoculation amount of 10 mL/100 mL and after 30 days of fermentation at a mass concentration
of 3.75 pg/mL afforded a detoxification and sustained effect. Compared with Tripterygium wilfordii, the product
can inhibit the release of pro-inflammatory cytokines TNF-a and IL-6 from RAW264. 7 cells induced by lipopo-
lysaccharide and reduce the inhibition of the proliferation of human normal liver cells 1.02. The main components of
Tripterygium wilfordii before and after fermentation were analyzed by liquid chromatography-mass spectrometry ( LC-
MS). The results showed that the contents of triptolide, celastrol and triptophenolide increased and the contents of
wilforlide A decreased after fermentation. The changes in the concentrations of these components are reflected in the
detoxification and sustained effect of N2-G30.

Key words: Tripterygium wilfordii; Ganoderma lucidum; bi-directional solid fermentation; anti-inflammatory

effect; hepatotoxicity
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