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Toxicity-reducing and efficacy-maintaining function of fungal fermentative products
in Tripterygium wil fordii by Ganoderma lucidum bi-direction solid fermentation
XIE Xiao-mei', HE Jing?, LUO Hong-dan', SU Ming-sheng', ZHANG Pu-zhao', ZHUANG Y1
(1. Key Laboratory of Modern Preparation of Chinese Materia Medica, Mycomedicine Research Center, Ministry
of Education, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China;

2. Department of Life Sciences of Shandong Normal University, Jinan 250014, China)

Abstract; Objective To survey the toxicity-reducing and efficacy-maintaining function of fungal fer-
mentative products in Tripterygium wil fordii by Ganoderma lucidum bi-direction solid fermentation.
Methods Bi-direction solid fermentation engineering was applied and Linglei fungal substance (G30) was
obtained. Its toxicity and pharmacodynamics were detected with regular acute toxicity test, immunological
test, and tests on autoimmune disease animal pattern. Results LD;, of G30 was higher than that of crude
drug. G30 had the inhibiting effect on proliferation of both T and B lymphocytes and could decrease the
production of hemolysin in mice. G30 could decrease 24 h urine protein of nephritis model of rats caused by
Adriamycin, and it had less toxicity on organs than T. wilfordii. G30 could alleviate foot swelling of
rheumatoid arthritis model. Conclusion Linglei fungal substance is obtained from the fermentative compo-
sition of G. lucidum fungal and T. wil fordii. It shows low toxicity and effects of immunosuppression and
also has some therapeutic effects on the model of autoimmune diseases. The pharmocological effects sug-
gest that the bi-directional fermentation engineering may possibly provide a new way to prepare the toxici-
ty-reducing and efficacy-maintaining function of fungal fermentative products in T. wil fordii.

Key words: Ganoderma lucidum (Leyss. ex Fr.) Karst, ; Tripterygium wil fordii Hook; bi-direction
solid fermentation; toxicity-reducing and efficacy-maintaining; Linglei fungal substance
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(REEM SR - BRERI NP EM (HHEE
FOMBERAS EREXGTHETRR X%
RUEAEEKITTFERORN R AENRRE
SR LAY » T 7= A6 B 0 o Bk T 88 A9 245 4 B8 JR (18
WHED  RAEERRA THENFEH.
Wi & QIR 10 REX, BRI .9 .
BEGER, 20 tHE 0 ERPEH, ARELAW
PMRTELABRNEYDEARLE WRANGHE
EHUBRARBRTIENNEAR FBLN“XBA
FERRER”. EU TEREMER, hit— i
HEABLEYHEABEREMRAEE T ERS.
AFRAAEMER b, B W E &R RE MY
EREHBERAREMRAE FRAARIBRRS.
AN URE AT AUEHTR AL
BREUFHIOHEEUHR . R T EREAH
ATREAL B THEERRFBNRRIFRE
MBEBROABEE (G30); H—FHHRT G30 %t
ERUELXRNBXTREMBEATHNARERNE
F» o 3 PR 2 PSR AR
1 #¥
L1 XRIY-BEAH IR BELSE EKRE
18~22 g, AL HE%XR TR Y PO REE B
SD KB, EiE% ARE (220+£20) g, HLFHE
FhEBsh Y.L @bt
L2 TRAEY . REEE (G30), X LRERHA
“RESRES HUDSHBRE"RE. B#RAZE
MEBLABER L EREHAGFTHITLE. B3
MSs~10dh—RB.NEHBNERFHR—T
BE - RIIRGHFTELARTR . LEDH.
B _WEARAS W Ae# TR eR
MEERARLR , BENRSBEFE GRNHE
BEHFTHRALBR 4N BARETEBNRML
R 0 UnABRTARBERAMNRBAS
NEBELZKEBEE 30 X, BREE 30 KKSB
MRBEERNY G30. £HREERET GAP
HEMFEFAMEEBB, KEAHELBEL
24121 C2l min REXERKS: EHHER
MER (MOBEHYBROBAEARLA, # 5
H33021980); B AL H (MEMABZELERL
8] it 5 Z43020138) ; iy K #A H R CHf LAl 38 #1
R A R 7D RPMI 1640 3F 5 & (Gibeo 2
B REM (LPS).J1E&EH (ConA) & MTT
(Sigma 22 &) ; DMSO (4 ¥, X 348 B 1k 2 1K 7
Py Ao (LAY HATHRAHFHS

200703001),

1.3 FEMHF.CO, KM (2E Thermo A 7]);
2—16K A% 3.0l (Sigma AFD ; B4kl (XE
Millipore 24 7)) .8 B B %% (Olympus A #)); H
R (¥E Thermo 2 H)); UV—2102C R %
Sy e CLRM LB BREARARFDBS
RIBTFRYE (EZFH):;£AEAN LEE
JLEEBREE).

2 K%k

2.1 SHFHTRY . SRIEEAE. BB
LA BH 10 L, BERIENSHAREESH
FEXTLR,/ARER 0.4 mL/10 gig 8% 1 K,
BZREEWNE 7d ZHKEYRENFLR,ICRD
VR TH.H ALY ERBIR (LD, LDy =
g7 [X,—i(ZP—0.5) ], HH X, & K7 & 4N
BHXTHE. yASHARNBNREZE.P ¥ &
HAEHYRFET-F),

2.2 REMRMRE. KARBNLSH, 54 10
R0t (GEBK) H. B4 .G30 4 E
KA (7.5 mg/kg)l . /MBI 0.2 mL/10 g iHHH
HE, g A . T.BHEHRHBHELRPALGHAM
G30 A AR E 27 A H LD, B 1/5 (0.18 g/kg)
1 LDy f9 1/8 (1.781 3 g/kg); MM B TR T4
M G0 AMAYRESH A LD # 1/4
(0. 225 g/kg,3.562 5 g/kg). M AALTHRANE
K.ESE 7d A%, MTT B RM/ME T.B KEH
R WM, LEENE/DEOLFEERME
(HG™

2.3 GO MMERBESHNARBRNER . BX
BB A A RAmMEEE., B4
SREHEEDFEREERMT 1 KR iv 6.5 mg/
kg FTER ST HRAMAEAXTRE iv SR4EHE K.
EERDEHEHAN S VR . G0 A. 4%
HOKEAH, 84 10 LEREERBFE. S
15 X8 ig 44%5,G30 4 &K% LD 89 1/7, B
2.035 7 g/kg; LT MA A HAMKEH AN R
SRR LD, 1/5, B0 0.18,0.18,0. 833 g/kg;
A RAAH g FRAPK. B0 1 K. 14 d,
AEOHREE"RNEEAKRE 24 h REAE: ¥
FU v B A A 00 K LI 9 A AL 4R A s U B AT
HERE,

2.4 G30 SEMHULERNE X T REER AR KE
AN AR R BAMEEA, 2ROH
HHEMEEAERRBXAT R KRER, B
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A (BCG) MABRFHHERATLERN P (&
FRKE 15 mg/mL), RS BRI B R K572 L2EH
(FCA) , 8 R KB MZ/E R H sc FCA 0.1 mL &
RyOFERERAEXT R RAFENRAERBHEH
K. HEBRRIIE KBNS MRAA . G0 4
MEAMEE (75 mg/kg) M. BHHKXRE
1mL/100 g HHAZHE,G30 HHWBLREIHR
LDy iy 1/8,B) 1.781 3 g/kg B AFIN BALA T
RIBK,EZEBRZ 14d. MEXBREEHKER
RE BESHRE, FAMKENERER, 8
KT RIGPOT AR AED VERE 595 M B Bk B

2.5 SR s #Fx, A SPSS1L.5
AT R,

3 &R ,

3.1 REWMEBMEABNBEER . JETYE
LTRHRFH. ARARABENEASERA LD BIETF
BABEZ, KPP G0 B LD BR., ZRALE 1L,

il

4 85 XM G0 G10 G15 G20 G25 G30 G35 G40 G80

LD /(g - kg™)

cuwsmBRE

H1 FEZ#EERRNEAY LD, i
Fig.1 LDy, Values of Linglei fungal substance
in different fermentation time periods

3.2 RENMEREBENMEABMARRIEN
3.2.1 G30 Xt/R SR RE AR W - X /) BRI 3

BNRAKCARYEEDENMELREGRGED
FUL,G30 TR/ ROLERORK B, FES
EMH T.B HEHHHIEH.
3.22 G300 MPBRERHARERBEUHE
W.G30 BB BN BH R KR EFR, S
RAR 24 h REAR,BEELFFRER (BUN),
LB (Ser) JEHERE (TC) KHM =8 (TG) K¥E,
ABARMELEES (TP &, LE2 MK 2.
£1 GO/NRT.BHEBAMMNBMEDMNEDRS B
¥M (xts, n=10)
Table 1 Effects of G30 on proliferation of both T
and B lymphocytes and production

of hemolysin in mice (x+s, n=10)

a5 THE (RAEHE BAR REEH HCs0
HE 0.282740.1048  0.7596£0.1628  0.3132£0.1352
WEKR 0.1271£0,0362°  0.3803£0.2513*  0.055 1£0.0692°
G30 0.172920.053 8 0.374310.0630°  0.041 6+0.0400°
E3] 0.152 740,058 6 0.40730.1495°  0.116 240.1288"

SxtRA KB * P<0.05
* P<<0. 05 vs control group
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Fig.2 Changes of urine protein of rats in every group

®2 ZEAMmN¥ TP.BUN Scr . TC. TG M8 (x+s, n=10)
Table 2 Comparison of TP, BUN, Scr, TC, and TG of rats in every group {x+s, n=10)

HY AR/ (gkg!) TP/(geL™D BUN/(mmol « L™!)  Ser/(pmol « L™')  TC/(mmol « L™!)  TG/(mmol+ L.°")

pogit — 75.88+ 6.05 5.6510. 82 29.53%6.01 1.5540. 26 12.33£0.35
L ¥ - 63.77L 6.94"* 6.95+0.76" 33.57+2.99" 6.3610.96" 3.4110.34"
G30 2.0357 71.30% 2.2124 5.5310. 83848 28.10£2. 2228 2.2010.43* 88 1.7340. 3144
3] 0.18 73.50+12. 414 9.55+1.32" 32.88+4.64" 5.58+2.54" 2.3440.22"
KM% 0. 833 56.15+12.56" " 7.22+1, 27" 34.024:3. 88" 4,.62140.81448 2.59+0.72"
X pofd 0.18 58.50+ 8.37°*° 7.244+1.04" 33.0513.38" 1.83+0. 3884 1. 56 £ 0. 3540

Sxt g, * P<0.05 **P<0.01; S#MAHK. 2P<0.05 22P<0.01

* P<0.05 ** P<C0.0l vs control group; A P<{0.05 424 P<0.01 us model group

FREEE R ERER, X RA TR F D
BEEHEW . R RBBRBYE, KRHATLRE
MMEE RRERME . BN E SRR E;
GO HABRMMEENBHE RRERBL, B
NS EREHE TS £ HMAE X A
MR NRNLOREL. RLE 3.

MR 3R, XA LB A KEH AN

BAMFNEMEEEBM (ALT) . @5 VR EE
(CK) £ BB (P<0.05),G30 4y ALT.CK
FE5WHALKRER LB ERE XL (P>0.05),

3.2.3 G30 MR LR ERRE K 1T RER
KEHEW: RREEE, BT B WK —
B, B R ORRUR & A0 gk R 0 BE 5% 45 i B Bk B
B IFRERESNEA I ABAMNKRERE UK
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HBEMEXTREERRRITHD BHXTREL. THORKBE MERAELERBRXTRKRE —E

TRER GO EHEBBARERMARENE WA, FRELE4~6,

B3 #AXRWHAENERR (HE 88)
Fig.3 Pathologic changes of kidney tissues of rats in every group (HE stainning)

23 SAXRKAMACAMOLY (xt5, n=10)

Table 3 Comparison of aminotransferase of liver and myocardial enzyme of rats among groups (x%s, n=10)

# 3 Rlk/(g- kg™ ALT/(U-L"YH) AST/(U+L™H CK/(U-L™M CK-MB/(U+ L™")
b - 32.75%10.781 144.70110. 34 1 488.001 49.66 601.501146.73
%1 - 31.83% 6.765 142. 80:+46. 44 1 126. 401 307. 81 575.10% 98.99
G30 2.0357 31.75% 4.520 115.00% 7.52 1432.70% 46.94 525.50% 25.87
X 0.18 64.66114.378" * 44 124,80134.56 1 939. 801525, 92° 44 797.601+124. 354
KMz 0. 833 66.80£10.059" 44 133.60+28.72 2 352.60+285.71* *44  510.60+ 80.17
L pogl 0.18 51. 16 3.763°284 113.7013. 51 1697.801337, 34" 248 597.00% 65.99

xRt  P<0.05 **P<0.0l; HHEBMHE: 4P<0.05 24P<0.0]
* P<<0.05 ** P<0.01 us control group; 2 P<{0.05 &2 P<0,01 vs model group

R4 BAGHAEETRARREMNLBMKBEOTL (xLs)
Table 4 Changes of original swelling of rheumatoid arthritis in rats among groups (x+s)

- nk/ 04/ EVMKE/mL
(g+kg™H R g 3.0 #RE2X HH1H HH2R #BH1H B2
* R - 7 1.72£0. 12 1.8030.19 1.8910.19 1.96%0. 11 1.9740. 07 2.0110.13
G30 1.781 3 9 1.7140. 14 3.3740.37°° 3.91340.34" ¢ 4.2140.37" 4.1410.54* 24 3.7140.31* 2
BEAREHE 0.075 9 1.73£0.17 3.80£0.56"* 3.671£0.52 " 4,51£0.60° * 4,02£0.75° 4 3.41%£0.88° - 02
Ay - 11 1.72£0. 14 3.75+0.75° * 4.02£0.71° " 4.40%0.71" " 4.8310.25" * 4.68+0.55°*

Sxt At - P<0.01; SHHEAHE. 2P<0.05 22P<0.01
* * P<0.01 vs control group; 4 P<0.05 &4 P<0.01 ws model group

RS BAGAUETRARBEMXTHKEENEL (xLs)
Table S Changes of secondary swelling of rheumatoid arthritis in rats among groups (xts)

5 N/ B9/ XY ik /mL
(g-kg™ R HEH b3 & WS BERLRA bz ] BH1A #HLA
xR - 7 1.7140. 11 1.79£0.15 1.8940.15 1.9440. 14 1.9740.08 2.0310.14
G30 1.781 3 9 1.72£0. 10 1.8040.13 1.90+0. 14 2.7740.64" * 2.6740.42" * 2.5840.28°2
BAREHF 0.075 9 1.7240. 08 1.81+0.17 1.88+0.17 2.754+0.47" ¢ 2.53+0.19* 4 2.46%0.47°2
o 8] - 11 1.71+0.15 1.8140.14 1.9040.16 2.814+0.76" " 3.1740.76° * 3.0740.61"*

Xt BA kK.  P<0.05 **P<0.01; GSHEBMHE. 2P<0.05
* P<0.05 ** P<0.01 vus control group; 2 P<C0.05 ws model group

%6 HAEAUXTRAMXPRBRYIES
Table 6 Grade of rheumatoid arthritis index of rats among groups

a3 b ¥/ XY REH
(g+kg™) R % 30 HHREZX HRLA BEHZH BHE1RA #®H2 M
Xt R - 7 0 0 0 0 0 0
G30 1.781 3 9 0 0 0 4,44+1. 42 3.67x1.12° 3.07+1.12°
BAMEH  0.075 9 0 0 0 4.354+0.88  3.89%0.93 2.89+1.37°
HE — 11 0 0 0 3.88+1. 45 4.91+1.45 4.45+1. 81

SMBA . © P<0.05
* P<C0. 05 vs model group
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B A 2 e SO R Ze e BK E B A TR R
HXTR BREAME . FEBLAERE . HEBHA
HRRRL MBS 0 ZRER AHEEZHES
REHEROET P AARmMAE. REEMNE
FAHF,RA RN AR, EEARRN™
EHEAER, LFRAGEF ML RRERE
hEEHRENTFELGZ -, HEMREELS
BB NREFRTRCRAENIEEXENE
K. BT BREZFHERANBRERS EHAE
B (6] 5 388 A [ 4 B I 4 K R 3% AR 2k 28 A Y
RO R OB AN A SRR m K
XERARAFEABREEANRKRE; PHRRERMA
REFTBEAMA" AR R EHERETAE
MEE., EXdEEREEDHELBERMMBARE
HABEBELRBT —CHE. BRAXEHFETLUR
AMENRRBAHFAEIARELBREARNE
cAIE N

REBEERR-MAPHEYHER LB
RENARER, CURT I ERER . BAENY
BEF ERERGTEAREHS. YREBERY
AUHBEUHTRRA . REEAN LD REABAY
BERR UHAHTHEREME XU G0 HEHE
. EEREHRELEF,G30 FUEBEMH PR
T.B ¥ E 40 9 4 7, 58 88 B A /N B I 78 5 i % 9
S, BREEFNARAEREEDRITIRE. &
BB .G BREBEABAHUR. AFHREME
B OR T BT R e e i Sh g .

MEXAFHRRERRERNELERB LY %
RATHREFREERRERMBRBHERXRT &
MERLYHHE, HREREN. 5SERERAL
B,.G30 G EREK 24 h REABKMT
BUN.Scr.TC 1 TG K%, # & TP &, &t AST.
ALT.CK # CK-MB K¥F 53 RARKER —K¥E.
525 KEHHA,G30 BEfEMK 24 h REAR .
CK.ALT REFERHKF. MAEH KEHELEHER
FWHERETFTHEIE CK.ALT WA E. XBTBR
G30 A KEHNE T HHARE R RER
EFEE. £HERTERARAEBREK G30 #,7]
HEREREEFBRASMEE KK BELEHEEHE K

BRETHL38E CK.ALT AR, AEHEHRET
RESIRRECRAMM, 5RO . B HE
th. BEREY G0 LWAHEHMR, RN ERX
BA— R AR AERF, YT G30
MABERERNKRERAE—ENBTER.

ERBERERBRXTRBYEHN LR R
G30 BB 3 2 % 15 B o LI R ) J 498 J 0 5K 5 4%
KRR B, AR R B K T R A — E IR IT
A

AL % IE AR QR SRR WU R B B AR
RRHVE HE— SRR EERNBUERHELR
HABBEER.

BN ELABRNAGR S T RAHEE. T
AREMBELABENTESEAEENEFENL,
AR KB I R AE YRR B AL
BRELR, » X9 B A= 0 50 AR Y o 8 2 T R AN R 0 T

FHAREERN.
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