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Establishment of Quality Evaluation Indicator System for
Ganoderma lucidum by Enhancing the Antioxidant

Capacity of Caenorhabditis elegans

VU THI CUONG', Chen Weidong', Yang Ping**, Fei Jian'**

('School of Life Sciences and Technology, Tongji University, Shanghai 200092, China,
“Shanghai Research Center for Model Organisms, Shanghai 201203, China)

Abstract Quality evaluation of TCM (traditional Chinese medicine) is the key to its application.

Currently, the chemical method such as Mass Spectrometry is the main method to quantify the

traditional Chinese medicine. But the TCM has a complicated composition, and the functional components

of most TCM remains unclear, which makes it sightless to establish the quality standard of traditional

Chinese medicine by chemical methods. So, using living organism may provide a new approach to evaluate
TCM’s quality. In this work, we treat both wild type and FOXO (forkhead box O) transcription factor

mutant Caenorhabditis elegans with water extracts of five Ganodorma lucidum from different area. The

ek H 393: 2016-03-02 52 H W1: 2016-04-05

g TRZR I (LS 13DZ2280600) 5 B

HEWSEE . Tel: 021-65982429, E-mail: 405p_yang@tongji.edu.cn; jfei@tongji.edu.cn

Received: March 2, 2016 Accepted: April 5,2016

This work was supported by the Science and Technology Commission of Shanghai Municipality (Grant No.13DZ2280600)
*Corresponding authors. Tel: +86-021-65982429, E-mail: 405p_yang@tongji.edu.cn; jfei@tongji.edu.cn

Do) 2 H4 BRI 7] 2016-06-03 11:07:51 URL: http://www.cnki.net/kems/detail/31.2035.Q.20160603.1107.004.html



500

BRI

results show that all of the extracts can enhance the antioxidant capacity, but the work concentration

of these five extracts differs greatly from each other. Moreover, after treating with the extracts from

different area or the same extract of different concentration, the mechanism is different, indicating that

the water extracts of Ganoderma lucidum have various bioactive components. Our work proved that we

could use Caenorhabditis elegans to efficiently detect the biological activity of Ganoderma lucidum,

and it also provided a new method to evaluate the bioactivity of Ganoderma lucidum from different

areas.
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JQ781855.1
GU213480.1
I
II
111
1A%
A%
Consensus

Identity=99%

CTTGCGGAGCATATCTGTGCCTGCGTTTATCACAAACTCTATAAAGT AACAGAAT GTGTATTHEGATGTAACACA
CTTGCGGAGCATATCTGTGCCTGCGTTTATCACAAACTCTATAAAGTAACAGAATGTGTATTGT GATGTAACACA
CTTGCGGAGCATATCTGTGCCTGCGTTTATCACAAACTCTATAAAGTAACAGAATGTGTATTGT GATGTAACACA
CTT GCGGAGCETATCTGT GCCTGCGTTTATCACAAACTCTATAAAGTAACAGAATGTGTATTGTIGATGTAACACA

CTTGCGGAGCETATCTGTGCCTGCGTTTATCACAAACTCTATAAAGTAACAGAATGTGTATTGT GATGTAACACA

CTTGCGGAGCATATCTGTGCCTGCGTTTATCACAAACTCTATAAAGTAACAGAATGTGTATTGEGATGTAACACA
CTTGCGGAGCATATCTGTGCCTGCGTTTATCACAAACTCTATAAAGTAACAGAATGTGTATTGEGATGTAACACA
cttgcggage tatctgtgcctgepgtttatcacaaactctataaagtaacagaatgtgtattyg gatgtaacaca

JQ781855.11GU213480.1fLENCBICRIE R 2 i R
JQ781855.1 and GU213480.1 represent published G. lucidum on NCBI.

Bl RE#MRZI I, 1L, 1V, VEBHRZITSFFILLMIER
Fig.1 The blast result of five G. lucidum 1, 1L, II1, IV, V and known G. lucidum ITS sequence
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1.2

0.81

0.61

Fraction survival

0.44

7777h %
*

YL

0.2

sk

Concentration (mg/mL)

3 Ctrl 7.5mg/mL [ 30 mg/mL
(£ 375mgmL  E 15mg/mL K 60 mg/mL

5 P<0.001, 57 0 R A UL
*#%P<(0.001 compared with Ctrl group.

E2 AMRZENEKRE TLELRS dAENFERGITER

Fig.2 Worms’ survival condition after being treated with different concentration of five G. lucidum for 5 days

®1 REHEBEFERLIPLE R FIERE

Table 1 C. elegans treated with G. lucidum show increased resistance to paraquat

AETE N 8] (h)

W (mg/mL)

Concentrations (mg/mL)

Survival time (h)

I 1I 111 v \Y%
0 28.92° 28.92° 28.92° 28.92° 28.92°
3.75 51.72° 62.20 54.46° 65.91° 62.90°
7.5 66.72° 63.17° 56.61° 69.19° 75.37¢
15 69.51¢ 67.36" 73.68° 81.77° 72.47°

[E) BB bR AN A A ) 5 RE R R 22 7 S 35 (FP<0.05)

The value in the same column with different superscripts represented a significant difference (*P<0.05).

R AMRZEBERERFHANRR DN

Table 2 Effect of total drug concentration (Er) of G. lucidum in paraquat model

ANF R Z 25 S A RS (mg-h/mL)
Effect of total drug concentration (Er) (mg-h/mL)

EfEEAN

Index

I I 1T v \Y%

Er 884.14 872.91 853.18 997.22 985.82
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Fraction survival

T

T T T T T
Ctrl I 1I I v \%

Paraquat-50 mmol/L
Strain-N2

0 10 20 30 40 50 60 70 80 90 100 110 120 Ganoderma lucidum-3.75 mg/mL
Time (h)

B
( ) Ctrl 804
LT50 % =

k
0 T T T T T
v

k
Ctrl 1 1I 1 \%

Paraquat-50 mmol/L
O—Tr—T7T—7T—7T T T T T 71 Strain-N2

0 10 20 30 40 50 60 70 80 90 100 110120 Ganoderma lucidum-7.5 mg/mL
Time (h)

60 1

401

Fraction survival

—o— Ctrl 100 -

LT50
I 80 a

S * *
n_ :
- =604
g
P—8 =404
05 ———m—mtmm == e m e ->
N 20-| |
\
= 0 T T T T
- I | | |

Fraction survival

k
Ctrl 1 v v

Paraquat-50 mmol/L
O~—Tr—T T T T t*Tr— T T T 7T L_ Strain-N2

0 10 20 30 40 50 60 70 80 90 100110120 Ganoderma lucidum-15 mg/mL
Time (h)

A:3.75 mg/mLIL, 11, I IV, VS5 R 258 7 8 4 RUZE dON B BA 2. B: 7.5 mg/mLML, 1. LI, 1V, V5 R ZI08 7B AR R
X E M2, C: 15 mg/mLIYL, I L, IV, V5 RN I A R 2 o | S RGO 52 . *P<0.05, 578 FIN AL L. A4 2 th 4
>90%% o
A: worms (N2) treated with 3.75 mg/mL G. lucidum 1, 11, 111, IV, V show increased resistance to paraquat. B: worms (N2) treated with 7.5 mg/mL
G. lucidum 1, 11, 111, IV, V show increased resistance to paraquat. C: worms (N2) treated with 15 mg/mL G. lucidum 1, 11, 111, IV, V show increased
resistance to paraquat. ¥*P<0.05 compared with Ctrl. The number of worms used > 90 each group.

E3 RERZEUIGRET 4 B h(N2)X B B =

Fig.3 Worms (N2) treated with G. lucidum show increased resistance to paraquat
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(A)

LT50

Fraction survival

K,Cr,0,-10 mmol/L
Strain-N2
Ganoderma lucidum-3.75 mg/mL

Time (h)

(B)
1.0 =
LT50 3

0.5+

Fraction survival

T i m v
K,Cr,0,-10 mmmol/L

— y Strain-N2

0 10 20 30 40 50 60 70 80 90 Ganoderma lucidum-7.5 mg/mL

Time (h)

©

LT50 *

L
301
20+
101
0

%
cel I 0 I IV oV
K,Cr,0,-10 mmmol/L
Strain-N2
90  Ganoderma lucidum-15 mg/mL

Fraction survival

Time (h)

A: 375 mg/mLIWIL, 1M1, IV, V5 R 258 T 87 A R X Cr® e (i 52 . 1ol R 2285 7% (1 T A2 Y2 el () 2 B0 AR A7 I (8] 55 2% 1 % B2 AR T
BHEZES. B: 7.5 mg/mLiyl, 1. UL IV, V5 RZH G T B4 BZE oo Cro i i 52 . #P<0.05, 525 BXHRZH L. C: 15 mg/mLAIL. 11,
I, IV, V5 R ZE AR R AU Cr RE I 52 . *P<0.05, 575 XTI EEH . FRAL4R B H>90% .
A: worms (N2) treated with 3.75 mg/mL G. lucidum 1, 11, 111, IV, V show increased resistance to Cr®, the median lethal time shows no difference
between worms treated with five different G. lucidum and Ctrl. B: worms (N2) treated with 7.5 mg/mL G. lucidum 1, 11, 111, IV, V show increased
resistance to Cr®". *P<0.05 compared with Ctrl. C: worms (N2) treated with 15 mg/mL G. lucidum 1, 11, 111, IV, V show increased resistance to Cr®'.
*P<0.05 compared with Ctrl. The number of worms used > 90 each group.

B4 BEiRERRZIRIIEE 4 B R (N2) W Cré i AU 5%

Fig.4 Worms (N2) treated with high concentration of G. lucidum show increased resistance to Cr®
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R"3 RZIGBCrALIBL H 778 RT 8]

Table 3 C.elegans treated with G. lucidum show increased resistance to Cr®

AR I [H) (h)
W% (mg/mL) o
Survival time (h)

Concentrations (mg/mL) I I I v %

0 23.87° 23.87° 23.87* 23.87% 23.87%
3.75 25.53° 30.10° 32.84° 35.10° 38.80°
7.5 29.35¢ 31.18° 33.29° 33.76° 37.30°
15 32.09¢ 36.88° 38.97° 42.63° 36.90°

[ 51 Kot EARANE AT AR R 7 RER R 22 57 42 3 (*P<0.05) «

The value in the same column with different superscripts represented a significant difference (*P<0.05).

T4 AMRZECTHRE DN AN RR BN

Table 4 Effect of total drug concentration (Er) of G. Iucidum in Cr® model

AR Z R 259 Z RS R R (mg-h/mL)

b
Effect of total drug concentration (Er) (mg-h/mL)
Index
1 1I 1 v \%
Er 42593 471.32 501.30 526.14 538.44
V>IV>II>11>1, W H T DAF-16(5B).

2.5 REZMEWANSIAR

DAF-162 5% W 28 B HE Pt 24 58 1 7 1) i 22 4k
R, B A5 Sl . PI3KAE S B T 51 AR I iR
TR BE 77 B B FAR RS T B B T RERY. JRATTN
RZAEA ) LR Y o 1) A ) 2 T e 75 O T
FOXO/DAF-16H 1T T 73 M. 4k B ¥k RCF103852
daf-1611 RAAK, FHWKE NT.5 mg/mLI o fp R 2
PR b B AZ PP IR 2 ()28 R, G I P A A A N
SJECHO R AT BUR R A . 45 BRI, 1R E
TR R A, VATV R 2 40 3 JCF1038 Pk R 4k 1,
HPrEAbRE i T2 (O B, L. 1. TIARER )
L5 BRARAREER, Z4RERH, V
TV E A W 5 A FH 38 48 A A T (B350 43 AN A4 i
T)DAF-16/FOXOfE 5 il s, il 1. IIEH HY)
AR FH & A2 AR T 45 5 1@ % (BISA) « fEES
JBCro B R b F7.5 mg/mLK FE (1 AN [A] R 2 4 B
FICF1038Fk R4 B, BrI'S R 24k, HAh R Z HiE
SR TR AN RA, kg RR, Hib
R 20 R RPUE &R M E F S AT 5GE r A

3 g

TATTHI FH 75 W B AT 2% AR S R 2 AR Th s
PR sh P, M 7 AN F 7 R 2 48 58 28 B b S AL
RE I AN B 4 e 0 IE O, WAL T A ORI
Iy FALE, FRH T T AV F I R Z =
TIERINES . BFFCRE, 78 MR Z R4, RA
A R ER T 1 R 2 BT sk R TR b R A A
SR RE I RCR, TSk B R A AR P R 5
XA R Z TS F A EE AR AR B, RS B 11 [R5
PERE T, BTSSR AT LAY A =4, Horp, i R R
RZBET A, \WEHRENRZET 4, KA H
R Z BN —2H . FEDR 7Y ) 3R 28RN Th % i A AL
PRI — 8. KR ZHUEAAE FH B FHLHI 3R
B, R Z KW 2/ F B RS E T R
AR, o — RO KR T DAF-1642 2%, 75 —FhAs
W TDAF-16. MEISH AT W, daf-16FRAZ R 2k 1
FEEALE JITER R, 510 10 HIM B, SR EERAV)
IR TS (V) (A A Ah B 1) £ o 3R 0 L o 5 P i 52
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(A)
—— Ctrl 507
LT50 -
o= 40 T 5
—a— I —
= <30+ *
2 —A— Il Q
: E
z - |V = 204
gloq=—m = TR TR >
5 - 104
S
=
O T T T T T ]
Ctrl I I 11 v \Y
Paraquat-50 mmmol/L
Strain-CF1038
0 10 20 30 40 50 60 70 Ganoderma lucidum-7.5 mg/mL
Time (h)
(B)
0 *
LTS
s L
*
=
2
Z
=
2
3
S
43
T T T T T T
Ctl 1 II m v v
K,Cr,0.-10 mmol/L

Strain-CF1038
Ganoderma lucidum-7.5 mg/mL

Time (h)

A: 7.5 mg/mLFIVAIV-S R ZH 58 1 CF1038k R4 dU 1 B ALK 32; B: 7.5 mg/mLIJIL. 1. IV, V5 3 ZHE5 7 CF1038Fk R4k X Crt'fiy
Y2 . *P<0.05, 57 E0 AL UL
A: worms (CF1038) treated with 7.5 mg/mL G. lucidum IV and V show increased resistance to paraquat; B: worms (CF1038) treated with 7.5 mg/mL G.

lucidum 11, 111, IV, V show increased resistance to Cr®". #*P<0.05 compared with Ctrl.
[E5 REZIERLZHNEERMMCr A SR T A ERIALE
Fig.5 The enhanced resistance to paraquat and Cr® by different concertation of G. lucidum shows not dependent on FOXO

signaling pathway for the most part

PEEHIVIIV S R 2 g1 SFDAF-164 4% Hi (1) A2 2040 5t KR FAR AR I<IV<U<V<IIl, BIRTELE R 1
R, LA =R R R AR R R A X F AR SOEARNTEE, (BN TRE, M
DAF-16[1]. R Z#mk RPtE 280 My i &= W SR AL T s i B D R A E ST .

FAKIG T DAF-16, J HK B i 5 8 R 75 Chuang 552R] F 28 dUnf R 2 2 B 4 K 7 i 1)
A SR H A BRCR PLHIEEAT T 09T, SR EoR, R4 731l Toll/ H
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kinase, MAPK) B IEDAF-161)# ik, M it K2k
1, U2 B 0 3 KR U Ay 2 KD AF-16
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R E R IR ESE =R 1B~ oy P L ERE PN
YRR ) A A A TP S 2ok A e I B A O Y
&5 B BRHIME 5 #0237 TFOXO/DAF-16
55 @ B X fF S m e Rl — PR R 2
P = PUEACT I AL IR ST ] o

P R Bk RN 2 R, LB 254
VRO B AR LA RBOR . [F— 24
DRI 9 5 22 5« ML 2 1 AN (] DA SR A e 18] A5 2l
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