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x| v, EWERE, BORA, BOK, LU
GEMRAR S R RRE S TR, 5 K& 13018

% B WO R BN RS & A A B A IR IR Z PR P R 2R (ganoderma acid, GA) #14rPAK
GAXD-1- FUHE B $O St 2 2/ R AR A Pr A Y s md o 538 I IEACIRIaN T2 & thik; D-F-30%
FELL R TS AT W N RO B, @R, DB R B X R4, GABE L m . iy R 5
ERERUNRIEATHES , LA A BRI R0 R AL, HE B 0.5% (132 R A 4E MV (sodium carboxymethyl
cellulose, CMC-Na) , &Ml —VARmiE, 6 G mll T /AN BigE . FFIE. 2B 2300 S0 A BAGEE (total
superoxide dismutase, T-SOD) % /J. 4 [ (malondialdehyde, MDA) &, ILiFEFMGZH S48 e H Ik Sk P
B AL (glutathione peroxidase, GSH-PX) %77 MLif AR H S BT ALRE /) (total antioxidant capacity, T-AOC)
. 4558 BRRM LT EAMHENER1:60. INfFE0.04 g/mL. #8753 K. RGN 3 h, L2548 THE
FIGAIIFRIUR }1.69%; GAT I B4 /MR ANT-SOD. GSH-PXiE JFIT-AOCHE, FHEMDA® &, 45ik: 1535
GAMFAEIRIU L ZARE AT GARR R IR M RN R Nt fbhe

TR B, RZMR; D-2FILME; B, hiElk

Optimized Extraction of Crude Ganoderic Acid from Ganoderma lucidum Spore and Antioxidant Effect in Vivo

LIU Qiao, GUAN Xiaohui, HUANG Cuiju, XIA Yan, SHEN Minghao*
(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China)

Abstract: The extraction of ganoderma acid (GA) from Ganoderma lucidum spore was explored by the combined use of
cell wall disruption with laccase and ultrasonic-assisted extraction. Besides, this study also examined the antioxidant effect
of GA in subacute senile mice induced by D-galactose. Methods: The extraction process was optimized through orthogonal
array experiments. A subacute senile mouse model was established by continuous subcutaneous injection of D-galactose into
the nape of the neck. Using ascorbic acid as positive control group, the mice in the high, moderate and low dose groups were
given GA by gavage, while those in the blank and model control groups were given 0.5% CMC-Na by gavage. Body weights
of these mice were measured once a week for six weeks. After the experimental period, total superoxide dismutase (T-SOD),
the levels of malondialdehyde (MDA) in the serum, liver and brain of mice, the activities of glutathione peroxidase (GSH-
Px) in the serum and brain, and total antioxidant capacity (T-AOC) in the serum and liver were determined. Results: The
optimal conditions for GA extraction were determined as follows: solid/liquid ratio, 1:60; enzyme concentration, 0.04 g/mL;
ultrasonic time, 3 h; and number of ultrasonic treatments, 3. Under these conditions, the maximum yield of GA of 1.69% was
obtained. Conclusions: The optimized extraction process is stable and feasible. The GA extracted from Ganoderma lucidum
spore could obviously improve T-SOD and GSH-Px activities as well as T-AOC capacity and reduce MDA content in mice.
Together, these results implied the obvious anti-aging effects of the GA on subacute senile mice induced by D-galactose.
Key words: laccase; ganoderic acid; D-galactose; aging; antioxidant effect
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HLLSE (19.01%) . Ca (24.31%) NE, HEAEEHBAJL
TS R g SRR, FL R B, AR S Ak o iR
W, R AR BRI R Z TR E SR A5 THREL TR
A E A 2 BR S AR, RIS CR B A
BB 7 V2R A P B R 2 F N, IR

KutobaZ#"'7E 19824F 2 YR M R 2 1)1 S Hh 43 25 153 5]
=R R 2 (ganoderma acid, GA) AMGAB, 19884F
MR ZJE o B8 3103 F =#5 285k &4, Hreass™
MRE R Z RS A 122 M =g 2Ky, bR R
GA 37 #.

/N BRI AR AL (R N VR B IR R PR E . AR
WL YR BGHE DL AR S5, D- AL
LN E H, D-2-FU0E 0] DATE IE 8 o ik 5 AR
ELTE w5 o 529K 32 BB T AR LA AL B R e Ak 26 T
AL BERE R A A, SECRAYI S T E B
AR B BRI AER, BIRPUATT AR R 5. AR
B FREY, RZ=fEEDHA R AE . b
FUL BTHIV-1EHIV- 1 (RS ", 5 S CNE241 i
IR R A B i PR EAY 78 = e (o M A 5 2 R
UESE T R ) = 4 A A R AR AP A T
P, HAE N =S GARIE NPT A TR
MRS . N T SHGAHA IR BE— LT, A
R FH VAR T 8 e 7B 7P Y0 5 R 5 6 1 7 1R DR B B 11
RZBFHHRIGHGA, R EZ R T2 %K
b, FEXE R Z 5878 T GARLIZ Y IR P T A AT 1 i
THEIR—BHIR

1 MHE5HE

1.1 Mk

RUEEER ZHH KA LR i IR L 2
B (A, 4000 Ulg) « BRFEEELAHEZRM (sodium
carboxymethyl cellulose, CMC-Na) (& 2% kg
HOCE R A R AR PURMILIR . D-FFL0E. JoK
OEE. ZEMH . UKEERR . FEEE. mAR. FIERR
Prdffdn . BERR —EAN. BREREDN. AR FAEALAA.
WERTR S oy B A NLE B A B = v 4l Sl Ay
AL (total superoxide dismutase, T-SOD) iRifl&. &
PréafLhE /1 (total antioxidant capacity, T-AOC) {HiA7)
. M (malondialdehyde, MDA) iX#&. &Mt H
it S AL Y B AL EE (glutathione peroxidase, GSH-PX) iR
F&E ERERAE TREAR .
12 {5

WD-2102% H s fighri  AERIHAN — &
N-1001D-WARJFE A RAX AR EEAL SR 4t s
GL-20G- Il M A R LIl Bl s B g

Mgk ARG vEEMillapore/AT]; DZF-6050% B 25 T84
AR E IR AR KQ-250BEE A IR A
HA SR Nt BT MR- 2 AR A R
NGB

1.3 ik

1.3.1  GAZH IO il %

FREL— 5 i R Z 7R, NS S E B FpH 611
BERR A AT R R G I, AE70 CEMF FAEEL h, K
g THE, IN98% L REIE WM I R HL,  HhyErS
W, 45 CRERBEMREREAEMEEY, REME
%100 mLIYICHCL ', FEAINaHCO,#% # (CHCI,-
NaHCO &R A1:1) ZH3 &k, HINaHCO,# )=, H
6 mol/LELFR IR 1L 2 pH 3~5 /5 & 2 CHCL A3 X, &
HCHCLJZE, WERA THRAH EMGAH »" . Bt
HHIET0.5% CMC-Naffil| [REF . ALK EHESE
10 mLAF .

132 GARIERFI &
1.3.2.1 bl 28 i il 41

FTE7K & 8K 55 3 R B A b 1] 10.018 6 mg/mLJi =
WP FIARAETR T, 40 WIE0.0. 0.2, 0.3, 0.4, 0.5, 0.6~
0.7 mLITFAR T B 28R HF 80 C/RIBIET, 2 BIIMAIL
Fic (115 % 75 B - UK RS BR VA 0.2 mL &2 1.2 mL, 70 C
K PRIR 15 min, JKAERZR, 2 50A3.6 mL
2B 2.6, R% )5 # 15 min, 550 nm¥ K4 T H
AT L3 BE VN RO EE o DASF IR R T BV FE
(X, mg/mL) FEEAARR, AR RIRAE (4D AR
2 R bRAE R 2R, 73 H 2R T RN A4=47.377X+0.003 5,
R’=0.998 9,
1.3.2.2  GAIREUER FOHIE A g 15

PP R MHIGAZ 7 Bk Ol E 4 %10 mL,
i 0 IR H — 8 AR R R T R 2 U T A D OBV
Z:f81.3.2. 115 b i R B AE D7 R0 AT S R I I e W ok
JEA, GAIREUR (V) MRGAMEYLAE (P) 50

(1)« (2) Fimrs:
Y%%zzéEi%%lix1oo (D
1V%ﬁ=-§35%;351x100 2)

A XNRBFE SRR/ (mg/mL) 5 VAN
WRKEI, 5mL; NAERMEIRS RNFFRZ L M
NFRELE TR B /mg; m AGAMEYI R #/mg .

133 GAfRR T Zutbiit
1.3.3.1 B W

TE HoAh 2 AF A A 2% T, BPELL g ffd 7 8 .
20 mL pH 7M. 70 CE&AF NEEMEL h, T8 551
ZENNEEE (0.02. 0.03. 0.04. 0.05. 0.06 g/mL) .
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A (1.5, 2.00 2.5, 3.0, 3.5h) . HAERE (1.
2. 3.4, 5 « #h L (1:30. 1:40. 1:50. 1:60.
1:70 (g/mL) ) 4 N EXTGARBURIFEN, HAhAE
W2 R 13175
1.3.32 EARRI BT
IGATREZAE i B e bn, £ 5 8 3R i 50 1) L Al
b, RAIL, (3% IEARIG T A NEE & 8 A
A OBORRH L4 AN TR R GASRBUR R 52, e Bt
AR T 256 &I Bt WK L

#1 EXRBRERSKTERT

Table1 Factors and their coded levels used in orthogonal array design
SES
KF A/ B Cilit s DR EL
(g/mL) i 8]/h E (g/mL)
1 0.03 2.0 1 1:50
2 0.04 2.5 2 1:60
3 0.05 3.0 3 1:70

134 ZhWpir o Bad i

Y BN E18~22 C, ARGIE. MR
EHMANR60 B (EFE (22+£2) g) , MEHESF,
ENMEEFRL S, B N6 H CIEH XA, R
XHRRZH, FHMEXTIEAL, GALZML. P, mil=E4l) .
fEH10 K, %R, B HREMKK. IE5 XA
IR 6} B ZH E FIR0.5% [ CMIC-Na;  VCBH 1 o} B 21 42 1
100 mg/ (kg +d) WFIEEER: GAGBHIK. . &AlE
417 M50, 100, 200 mg/ (kg » d) MIFIEREE .
o TE 5 K HR AL Ah, o %% 2 /N BRTEVE B 100 [0 B 35035 R R
W D-2EFLHE200 mg/ (kg + d) , D-2PIBFEW LK T
P 2R B R K A, IR R R VR AR B K, DA R
YL E B ANV 5 77 B 44440, 1 mL/10 ghrufidg e, A H
MR VESTL R, S J . RRREFRARTEL IR, KRR
TR BTN =
1.3.5 LIS %

SR NRAERRGZ G, LD, WIERE,
IRERCR I, 2r BG4/ BUEHERL AR SE, B HH
A, AL, Ha CHERER KM FR IR, JEACR
FIKAr, BRBUE, 0 ZH 2R 2H 2 bR ] A . HY
0.2~1.0 g/NRAL Y, EFA AR TER, BE
M, AT . MR EONSIR A, N9 £ 50 &
(T4 A 8k K i) 10% FI A R 50 30, TR 4 5ol 1) e
1%F10.25% [P ZHZ3 5 K o
L4 BT

BN BT SEREE AR FHPASW Statistics 1 8% {32k
T8, Lixts®ons BEMWOTN IR 20T

2 &S

2.1 BREFEIRIELEHE
2.1.1 g R ICR 1) 52

0.95

0.90 |
L 085
5 0.80

0.60 Il Il Il I
0.02 0.03 0.04 0.05 0.06

I/ (g/mL)

1 s R xR R W

Fig.1  Effect of enzyme concentration on the extraction yield of GA

HELAT LR 1, BEE B R, RS R
LS AWHE ™, (EGAMAIEE 7 SR LR, A
TS B2 B B 8, E Nl 14 $1)0.04 g/mLIE $2HL
RIKFE, ARG NER R R R X SR R R A K,
fil 5 s & T LA BIMIA, B E AT T RE o iR BURR G 2L
YIRS, JRECRE T TFREEEE T, WHEME
ST, BRI 5 S E 80.03~0.05 g/mL.
2.1.2 R R SRR (1 R

0.90
0.85
£0.80
Eé_ 0.75
220.70
0.65 |

0.60 1 1 1 1 )
1.5 2.0 2.5 3.0 3.5

A /M

B2 @SRRI
Fig.2  Effect of ultrasonic time on the extraction yield of GA

H 2T DL Y, GA SR R 5 55 75 I T ) SE K
4G K, 24 ()35 23 hirk $2 ORI B ey, QSR GE K
A, SR BCRIT IR SR8 T B, AT RE S I TR
KL BIR T ANA T 9 IO G AT A 45 #6021, B A 400 I &5
PSR IR,y e RT LA 7 I ] f d 3 Ly
2.5~3.5h.

2.1.3 S RO R ICR IR

i3] ATt GAZRHRA it 5 B 7 R0 38 i i
BTG, 2 e SRBCREIE TS, AR
J5R R BN e 4, A PN AN R BRI S TR B B AT
™, PRSI, SR 48 i A K EL#E
IR, AT AP P R 9 L 2 1~ 3
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Fig.3  Effect of number of ultrasonic treatments on the
extraction yield of GA

2.1.4  RFE L HREUR 1 520

0.95 -
0.90
0.85
3 0.80
g-fré 0.75

0.70 ¢

0.65 F

060 1 1 1 1
1:30 1:40 1:50 1:60 1:70

R L (g/mL)

4 BHRHERHRBUR RN
Fig.4  Effect of ratio of solid to liquid on the extraction yield of GA

%

495 50, GARHE H e b 5 ¥ 770 FH B 10 389 o of 384
b, 0V RN S B R, R Lk B
1: 600 IA B oK, 4REER RIS H &R, JREBGEAA
KERVF IR BRI, AT LA M B % B8, B L i
FEVEIE R N1:50~1:70,

22 ERRREAR SRS

x2 EXRBERSBREMN
Table2  Orthogonal array design with range analysis of experimental results

RIS AfEE BESEN CEFXE DERNRIL  GAIREUR/%

1 1 1 1 1 0.62
2 1 2 2 2 1.29
3 1 3 3 3 1.41
4 2 1 2 3 0.96
5 2 2 3 1 1.37
6 2 3 1 2 1.25
7 3 1 3 2 1.26
8 3 2 1 3 0.99
9 3 3 2 1 1.23
K, 3.32 2.84 2.86 3.22
K, 3.58 3.65 3.48 3.80
K, 3.48 3.89 4.04 3.36

ky 1.11 0.95 0.95 1.07

k, 1.19 1.22 1.16 1.27

ks 1.16 1.30 1.35 1.12

R 0.08 0.35 0.40 0.20

mR2A LA E, &R RS T IRIRT N
C>B>D>4; EMMEH B RMLHE NA4,B,C,D,,

BN 50.04 g/mL. #BF A3 hy A3 K. R L
1:60 (g/mL) , TEMAHA M T RIERL3 KECFYY
H, BHGARIENL.69%. MFHIEYGALLE N
62.74%, #:Ji% NEh.

23 GAXH/MNRMBUEAEH

23.1  GAXEZ 3 2 A /N R Hh & Fa b s i

£3 GAMERHEZTER/PRULEHT-SODIEJ), MDA EH
GSH-PXiEJI M (n=10)
Table3  Effect of GA on the contents of SOD, MDA and GSH-PX in
serum of subacute aging mice (» =10)

13 T-SODi% 73/ MDA &/ GSH-PXi& 1/
(U/mL) (nmol/mL) (U/mL)

7 N R 67.90£2.77%%  10.05£137%* 518.48+41.93%*
T Xof HE AL 61.18+0.73 16.84+291 310.84+36.21
o et AR 2 67.9941.08%*  12.02+1.56%* 418.53427.03%*
GATLF &4 68.5141.85%* 1232+ 1.17%  391.65+33.09%
GAH 7t 68.09E1.53%%  10.32£0.82%%  540.17£43.24%*
GAF 66.89+0.37% 8.081.01%%  548.29+523]%*

e« SEEDGIRALLE, AREMER (P<0.05) ;
bz, AlEFEEES (P<0.01) . T,

s, ARG R AL

3T LA B, AR AL /N BLUME I T-SODE
71~ GSH-PXiE 52 A4/ NRA L& R %, MDA
BREIE, ZRNEE (P<0.01) , HHTAEE
BN BRI R s T SRR AR L, GAFRIVCHT
3 N D- 2= FLBE B BOT S 3 /N RIS I T-SOD
& JIFGSH-PX{E /1, BRARNE S E A YIMDA S &, %
FYONEE (P<0.05) EifkEE (P<0.01) , HHGA
HRR R A AR 3 Meir g RS S A S R R,
YLIGAXS /N R H T-SODiE /7. MDA % & fIGSH-PX
WA RERW,
232 GAXNE a3 B AR/ B IE A S FE bR

4 GAMERETE/DRIFEPT-SODIES), MDA B
T-AOCHHIIEM (n=10)
Table4 Effect of GA on MDA content, SOD activity and T-AOC value
in liver of subacute aging mice (n =10)

5] T-SODi& 71/ MDA &/ T-AOC{H/
(U/mg) (nmol/mL) (U/mg)

7 N 2 30.59+0.78* 1.2240.10 3.63+0.86%
BT Xof HE 2. 23.05+1.56 1.50+0.38 1.85+0.07
HER RO E: ] 37.574£2.20%* 0.9340.11%* 3.75+0.45%*
GAILH 27.87+2.87 1.3340.06 2.62+0.24
GAH 74 33.62+4.49%% 0.97+0.10%* 2.3740.52
GAF 7t 30.81 +3.87%* 0.76+0.03% 3.0440.90%

FAEIR, HSEAXRAMLL, 2N R
Y T-SODYE /1 FIT-AOCTH B & P41, MDA =381,
PH 4 %o 4 AN G A %771 2 21 S5 AR R LA EL T-SODE 715
T-AOCHH A AN EFLE (3 0, MDA & AN [F) 72 75 11 B&
ik, HhGAh. EHELHT-SODIE 1B B, MDA
TEPREE, ERYAREE (P<0.01) ; GARE
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AP T-AOCHH S A A EL B 2589 0, I GAXT /N B
FFFT-SODIE /7. MDA & & FIT-AOCAE § 0 i 2 .
233 GAXT 2 PETE AL RN 23 - Fe hr i

%5 GAXEz#EFEPEMALAHT-SODIEJ), MDAZE,
GSH-PXif yFT-AOCIERIE A (n=10)
Table5 Effect of GA on SOD activity, MDA content and T-AOC value
in brain of subacute aging mice (» =10)

il T-SODif 71/ MDA &/ GSH-PXi% 1/ T-AOCHH/
(U/mg) (nmol/mL) (U/mg) (U/mg)
FEMMEA  3747+£427% L16+.07  1194.552194.66%*  3.23+0.65%*
FRIGHEAL  19.10+2.59 1.28+0.03 515.26+82.65 1.98+0.12
FERTIBAL 36774502 0.90+0.18* 847.84+5240%  3.03£0.16%*
GAMGHIEAL  26.12+3.08* L11£035 739.88+52.34 2.8040.30%
GAHHIEAL  31.85+4.18%* 1012015 1193.97£102.53%%  3.46£0.37#*

GARIEAL 30552088 0.79£0.13%  1123.61£224.67% 3.29+0.12%*

HERSATRN, K. H. SR ENGAR B B &SR
P Z /N R T-SODIE /7. GSH-PXi% /. T-AOC
i, FIEKIHMDA® &, HPHGAHHEHEFE
HFFT-SODYE 71+ GSH-PX3 /1 FIT-AOCH 8 it & %,
GAR 7| 24 FFKMDA S & /8 715 VCRH Xt HE 2 8200
i A 2 R R R E (P<0.0D)

33 @

D- PN ST A E BB o E L, Db 2
—FPE IRy, FEIE R IR B AT LA AR, (HRE e —
S TR P I AL B P 2 LW R R P T, YRR A
JE B2 F R R FURERE, BT X R A R gt
— SRR RN B E R, 51 R A
KL, LR AN FPUA RS . T-SODIE /I FIGSH-PX
TETEARARRENUATE R A B &R /1K, MDAS &
REFEEIAZ A BB EREE, T-AOCHMA R
PribRE ). ABFAF, TE/NROELSR42 did S LA
Ji, T-SODi%/JJ. GSH-PXiE /1. T-AOCHH R, MDA
SREERIK, SROEP TS RIEAR S, UWH
T RAER I .

AHIF 538 1 GA -7 4K 5 22 GAXT 3 B /N R
AN 1 5 BT RO E B A AL s e, SRR A
b, GAS 72 nT LUAS [F)F2 5 38 hn /s B 48 9 T-SOD
W% /1. GSH-PXifi /1. T-AOCfH, MEMDAZ R, Hr
MiETHMDA S & . GSH-PX0& /1, I A0 20 21 i1
MDA® & 5GAR&E £ LMK, MT-SODIE /) 5T-A0C
EAE IS AL B S5/ 2 IR, HEHEH
(&8 R SRR A b 22 S EU AR ., B, mirl 2
ZRRENREE, HAPREHM &R ERA
K, FTRER M T U IR 7 2A —E I ERT, XL K

A LB iz TRE, AR AMEZE
SRR, BRI RAAAEDRIRE, SRR
R, UESK T GARA RIFIIPURMRCR:  ASLe B A
PGS B HTTEMARBEE I R Z 7R3 IGA, HFE2
MEALN62.74%, GAEFEERK Iy, A5 L ENA RS
PSS, PRI PGAR T EAE; maiie/a
HMIGAR B AT I PRI T fr itk 2B I

3 &4 #

I EA IR E T R 2T T GAZL A IRy
B T 2%, RUNEEE0.04 mg/mL. #7583 hy
A3 K. BB EEL1:60 (g/mL) , FEMA & FEE
GARIEAE1.69%, S5HI4E T MR PCRE S T
1.72 fi5.

PLEALRIE R, RZH7H HGAL 5 REW W
SHRENRLE . AT 4L R ) T-SODIE /7. GSH-
PXi& JIFIT-AOCHH, FEICIR UL A YIMDA S &, £
GARAF RIUFIMPTAMRE .
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