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Antioxidant Activities of Polysaccharides
from Phellinus linteus Mycelia by Alkaline Extraction
WANG Kai' ,DING Zhi—chao’ ,PEI Juan-juan’, YAN Jing—kun’ *

(1.School of Environmental Engineering, Yellow River Conservancy Technical Institute , Kaifeng 475000, China;
2.School of Food and Biological Engineering, Jiangsu University ,Zhenjiang 212013, China)

Abstract:In this study, antioxidant activities of polysaccharides ( PL — N) isolated from Phellinus linteus mycelia were
investigated.The chemical compositions and preliminary physicochemical properties of the PL—N were analyzed by physical and
chemical methods.On this basis, the scavenging abilities on DPPH and hydroxyl free radicals, the protective effects on hydrogen
peroxide—induced neurotoxicity in SH-SY5Y cells,and antioxidant activity in vivo of the PL—N were evaluated by using in vitro
antioxidant trials,cell assay and D—galactose—induced aging mice models.The results showed that the carbohydrate and uronic
acid contents of PL— N were 84.92% and 16.92% , respectively, and it had no proteins. PL— N was mainly composed of
D-arabinose , D-xylose ,D—glucose and D—galactose with the molar ratio of 5.5:7.8:1.8: 1.0.PL-N exhibited prominent free—
radical scavenging capacities and antioxidant activities in vitro in dose—dependent manners. At a concentration of 2.0 mg/ml,
the scavenging effects of PL—N on DPPH and hydroxyl radicals were 72.1% and 83.3% ,respectively. Meanwhile,the viability
of oxidative damaged cells reached 88.7% after PL— N pretreatment at a concentration of 80 wg/mL, which revealed its
outstanding antioxidant activity in vitro. Compared with the model group,the administration of high—dose of PL—N improved
viscera indices of aging mice, enhanced the activity of antioxidant enzymes and total antioxidant capacity (P < 0.01), and
significantly reduced the content of malondiadehyde in the serum and liver of aging mice( P <0.01). Therefore,these findings
implied that PL—N had prominent antioxidant activity and could be explored as a natural antioxidant for potentially used in
functional foods or medicines.
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WMoy =z T2 A B R YRR R A FLER BT Y
FEM B A SRR T IR D, N Ak B K, B
PRI M R R IR T 2 7K, X R
PR HEAT N T & T 135 3 LA 3R B SR B8 B 22 14 Sy L=l
LI L3R E T AT RE, Bl R WSS, N 52 2200 FI IR
BRI BRI, R AR o 22 ik 20k 5 T IR 2 BT sk
A

H T, BN IMNITF T 5% 88 2P 2 DK Y sk
IR ZWE R T 58 X SR AR TE H AT AU TS M, X T &
A HEHA S5 a0 88 L Bk 1 A 11 22 08 e L A 0 1 Y
WFFE 2 IR S 3G PRI O 32, BRI T R i k£
BB BETT % K3 S o i Kozarski 45 i 33 oK
RO C FEDCVEAS B R W Z 0, 205 &2
62.6% ,7F 0.1 ~10 mg/ml. ¥& F£ 30 [F N, 5 80O 2 0
7 DPPH [ ISR R 77.9% ~86.9% ., [FIAEHE, Luo
AU 50 3 RO SR BURN 2 BE DTSR B P.baumii Pilat B
22Kk Z B (PBMP), £ b & & N 61.82% , # H
400 mg/kg BW ¥ PBMP gEfg & & D— L 2LbiA 5=
/N RS P AE AL B IS P A B P AE b BE . Ak
T OL, AR AT 58 K 22 2R FH K B2 B0 1 O 15 R il &5
Fw 2,

WEFEE R ™ N R ) (oK R i) $i Ot
OISR B A PR BT S A RRAE L A TR B T R
Rt E S, H G VR AR SR B R
BE A% O Ly St A A 40 it B v 2T 4 22 R 2 2T 4E 2R 2 (A Y
SR, SORE(I AN T4 22 08 DA AN B 24 v Rk ke, g
TRy TR PEZ ) BEAS i 2 0E A SR UK I S 42 T,
CRHE TAEE ) Z R H . SRR RS & ik Z AR 5T
N T —Fh L 1.25 mol/L NaOH/0.05% NaBH, %4
VTR PR HOCR 0 T S AR 22 0 00 8 7 v, R IE SR Oy ik
HLA 0 A AR AR 0O 5, LR B 7 22
HA =2 hessAgt o N, 78 AT I AT I A b, o T
#E—2E S 1.25 mol/L NaOH/0.05% NaBH, fFfifil %
ZHERITHRETE M, A SC LAV A & 19 5% 25 TR 2244 Oy i
kE, % 1.25 mol/L NaOH/0.05% NaBH, A% 5 it
TR R 2R 2P (PL-N) B9 5 #) %&, 447
PL— N b 24 2H A M SLAS BRAL P B, #F 9 FLAR A1 375 I
I HH FE R A0 i S0 Ak AU 407 i 2 40 ) LR B AR
FH s FEMLIERE 1, 357 D- 2R ZLEE S 5 09 /D B A
B PP PL-N (R B0 A0 5 M, S 3800 FI R
BRUR JF R SR NE T 2 B2 T Re vk B A el R 24 R (e
rh IR AR B RYE
1 #RlEF*

1.1 Rl 5EE

RO R VLPERRIE A YR A R A W
A & T JIT FH 5% 3% (P linseus ) T R ( B8 Bk it 5 : KCTC
6190) i EBIZCERFRY ORI s MEPE ICR T/ (5 BR
60 H(SPF 2% 6~8 JH i AAHE (20 +2) g YLK
W5 s W 0, 319 AT iR 5 : UJS — LAER -
2017032201;1,1— — 432 = FY I (DPPH) |
HAEAAE(H,0,) B4 17E (FBS) 32 Sigma 2%
H] 5 AL B AT (SOD) 45 B H K — oo Ak i g
(GSH-Px) i 4L &l ( CAT) [P (MDA ) K i
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SECURA124-1CN 43T K FEZ R L2440
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ST RAER T ;DL-5C .00l DGR =R
AR TGL-16 H & =R B DAL KV IAGE
DHULESA R T 5101-3 BB HVER THRE 412
T EIFAL SR s LRH-250 A= b5 3540 g E R
AR A ;UV-1601 48/ 0] WA BT dba s
R B AL 23 7] 5 Synergy HT Z DI REBEFRASINAL 58
Bio—Tek 2~ H] o
1.2 XWH*E
1.2.1 R REE2E RS s R
TR 22 1 M) A 38 o A vl ik B AR BE 6 h, R ERIE S &
3, AR T8 12 h, £ FH . WAL 3 Y 32 80 B 22 1K
B (100 g) #AA&FREL 1: 10 (W/V) IiA 1.25 mol/L
HEAAN0.05% T S AL BN W, WIRIEE 3 h,2
Wo LSRG, 2B 36% B 2R+ f1 =
pH7.0, 5.0 (4000 x 2,20 min) , FEPLHE. FIH K
VR e A, A 4 fEAT 95% Z B ULTE, 4 CErE
B, B0 (4000 x g,20 min)  PLIEIE T-/K , Sevag
IRFNEBEE 9 WK, ZEWMKBENF (B S T8
8~14 kDa)48 h, R AT SRt MMk
B, 10 PL-N'
1.2.2  ZWERARHEIL MR E R 2 1 A R 325
RE SWE AT SR FH R IR I ek ) R MBI TR A
K% Th i 58 W e (a2 | B | SRR
A fipp I A A (030 A T B 2 S BT
1.2.3 Bk DPPH [ i 3£ iG PRI 2 % Bk DPPH
I 56 77 7% B % Konwarh 26 g 05 ik, AN TR it
i ) (0.05 0.1 .0.5 1.5 2.0 mg/mL) BIFE T 3 mL
N A 1 mL 0.1 mmol/L DPPH Z VAW |, il E
W54k 22 38 % 30 min, T 517 nm 2508 i 52 =0
B, Vo FER BT IR, #2220 (1) 3143 DPPH | AL
WERR(% ) =[1-(A, =A,) /A, ] x100  =(1)
KA, A ALA, SRR A AXT IR (R TR +
DPPH ¥5 %) . k£ &% 1 DPPH | £E 5 il 2. 122975 % 104 W%
YEMH .
1.2.4 JEEERA ML ERNE  EERE A IR
552 % = 5 Delatre 251 7535, 18] 0.2 mL AN
[l ¥ )2 (0.05 .0.1 .0.5 . 1.5 .2.0 mg/mL) IR G A
0.2 mL 5 mmol/L. FeSO, ,1&&] 5 - A 0.2 mL 1%
(v/v)H,0, ,IRA) 5 B E IR T N 60 min, 2 58 5%
JE BN L mL LB F 7K, F 510 nm A 5 Hk 5
{8,V YER BT, #6320 (2) 3150 %% A th &5
W (%) =[ (A, —A)/A,] x 100 (2)
A, Ay VA GBI 25 R AC R B R L Y
W GAE
1.25 Zifuftdikss  AA it dilse =% L
S TT . 2 BERE SR T SEFH 0.1 mol/L PBS ¥ fift
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% 10 mg/mL A #e 2, FH 0.1 mol/L. PBS 3 f&f ic
100 mmol/Lid R fb &, 4 . SH-SYS5Y #jr 25 41 ity FH
& 10% G4 175 (FBS) B RPMI 1640 1532k 1£37 °C
T CO, I FEFA TP U TR ML 3% . K ALL 5 x 10°
A/ FLANME R 2 TP 1) 96 FLAR b, I A [A] #e 2 14
ZHEE IR (10~80 pg/mL) TWFEE 24 h, B, A
Z8ye JiE Sy 80 wmol/L H,0, ¥537 24 h, DL IE % 48 ufE
Shy BT BR, A A WS 0 22 0 A0 A 103 453 1 4 M4 Sk B
PEXTRE . UG R MTT 30052, DLE 4 b3k
7N, TN (3) R

MBAFIE R (%) = [ (A, —A)/(A, —A)) ] x
100 (3)

X, A A A, SRR RAMEXT IR A IR M
AL B | BH X BE A T G AE
12.6 shPiAsR5i8G it R MM ICR /N BUA
FETEPRBEIR)E (23.0 £0.5) C AHXTIREE 55% £5% |
HAT 12 h (/& .12 h 2% 69 =517 16 #1891 79356 30
Py, g B RN B A A AR OK 38 N AR
23 d LUS 5 60 HU/NEBENLS A 6 2H, R34 10 H, 45
SBEE RS 14, IEF X BRAH - 45 R NE s 13 G A= FRER 7K
(10 mL/kg BW) 7 H A= #EE/K (25 mL/kg BW) ;25 1T
H, B T BB 4. BRI I TE S D - 2 FLObE
(100 mg/kg BW) B A= HEE/K (25 mL/kg BW) ;55
I 2H, BH M % B8 ¢l 45 R B8 s 7 5 D — 2 2L
(100 mg/kg BW) JHEEZAEA 2 C(V,,100 mg/kg BW);
VL BE V Ll REE VI, 43501 2 PL—N fIK5 &4 .
PL-N 555 g gl 1 PL-N 5 551 a2 41 - 53 2R 43 53 iR s 12
5t D—2F 2B (100 mg/kg BW) i H PL-N fIK . 5
I (100 200 400 mg/kg BW) , £ — F 28 £ fk i —
W, LI FR 40 d1
1.27 HHEERESHE LB/ EERKRAGLAESRE
12 h, BRI Wi sk 4L ZE, WAE 1L T 1500 x g &5 .0s
10 mintill 857N BN 5 BOFFHIE A0S BIEAR 2 A /N 55 1K
JE IR AR 5 BT B, A AT AR p 8 GE B0 2 vk
Ve A BRER K R FE 4 |, SR e A A P R JK B
10% FYLH L 5] I AR, 4000 x g 5.0 10 min, BLETIK |
WSy B AE AT e AR AR
1.2.8  JERRFEECAGIIZE o B 04 I I L V9L R
JR A A= FROK P, 8, B R, # IR m A AN
SRS IR R 62

FFRE B i it 4 24 (mg/g BW) = JIIE 2% 51 &5/
/N A B
1.2.9 ML AFAE S 3 P E AL PR AR AT BT AR
A3 AR A DL R LT AT A7 3% AR i A5 b H
AR A W Tl ( GSH - Px ) 1% 7 L 48 & 1k 9 15 b Tilg
(SOD) [N i (MDA) i 5 AL & (CAT) &= U MK
BPTEAREE 1 (TAOC) 2538 bR R FH R AL a9 T
R T A 00 Bt S8 Ak 159 B, Pl an S i e S 2
SRAEI
1.3 ZiEALIE

T8 P T s R R — R 5E 1Y 2B (Mean )
+ bR¥EIR 22 (SD) |, Jr 225381 (ANOVA) HR PFN 42
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2 HREE
21 WRBEFLESENERELER

ST TS AR W, DR S B B 22 K 22 B 00 SOPE N
PERE TR & B 0 9k 84.92% + 0.51% . 16.92% =+
0.40% , H A& A F . Kim 2517 625 9 2 v 2L
FE A T B B SR 1 KIS T 2 b B B m i 2 B
B, A A — 8. FAVEA RS M IE K B,
PL-N F=ZZ i D- BR800 . D — AW . D — 5 26 B A1
D—2EZLPELA R, oo FE /R 2 5.5:7.8: 1.8: 1, X
sbgE B B 38 53 1.25 mol/L NaOH/0.05% NaBH, #2
BUSE PL-N MR 1E R 4% 20, iX il Kozarski 25
1 Wang 25" 15 H 94516 — 3K,
22 WRBEELESENEIMIELEE
2.2.1 7Bk DPPH HE3ERES  PL-N FI V. BUWBR
DPPH F HZERESTUNE 1 fron. MIE 1 HRaf LIEH,
PL-N 7R H I W 034 Bk DPPH [ i &ERe 77, H 27
BRI OC R, MU BN 2.0 mg/mL B, PL-N [}
DPPH [ 1 JLW 5 5 72.1% , B H B4 i 35 15
DPPH H th %L &g J1, (A 2K+ V. (0.1 mg/mL,
94.1% ) , Wang 2" 58 1 PRk $2 BRI 2 AT 4555
S5 (P. nigricans ) W 22 (& Th 153 2 3 4~ 2 bl 41 55
(PNMP1 _PNMP2 F1 PNMP3) , #5952 B0, & A Tk L
M%) PNMP2 1 PNMP3 Lt APk 228 PNMPL HLAT 35
i) DPPH [ HILTERREE S . [FIAEHL, PL-N B &5 R
I ERYE AR 2 B, L WO H AT DPPH [ FR L35 IR
B 1. ZHMER AR DS eMNnitE e
o, FEH T R R T R A TR LA BE Ty, 2 hE
HOBH TR IR AL IR AL AT I A TE BB A TN S Sk ik BB
ST, PR N 28 H T R A e EaE

1004
801
S
604
Qm_i,
#r |
> 401
] ——v,
201 —e—PL-N
0.0 0.5 1.0 15 2.0
W5 (mg/mL)

K1 PL-Nfy DPPH H i ERAE
Fig.1 DPPH free radical scavenging capacity of PL-N

222 WERFEAMIEC-OH)fES]  PL-N XA
FLIHBRAE S IR S5 R AN 2 Fros . AIE 2 HhaT L
B, B A il v R A3 I, PL=N f9 - OH 1§ BRAE

LRGN 7RI E B (0~2 mg/mL) Y Bl N 2
B B AR OC R o TERERYREE T, Ve o
AR IR AYTEBR - OH G877, HAE 0.5 mg/mL B, 3K F| fx
KRIERA N 91.2% o MR EE N 2.0 mg/mL I,
PL-Nf¥j-OH {5 ER 3N 83.3% , i ] PL—N 8 [# 22
R ZHE WA RAF 09 BR - OH 5 4, 3X 53 Bk DPPH
AR B o TR JR A g T SR
ZH(SH) glifk ZHl2H 73 (P-47000 ,P-8700) F) {44
TR A LIS PR, BF SR B, P-8700 X ¥ [ i Bk A
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B BRI IE BRCR , FEHE 5.0 mg/mL B {5 B3R IAF|
53.42% , H & T SH F1 P—47000 , {H Lk T PL-N ¥
(83.3% ,2.0 mg/mL) , X1 fE&H Fifid 1.25 mol/L
NaOH/0.05% NaBH, $LH/> 35453 1% PL—N EAG &%
15 FAEPERIURE I8 18 2 L, BB IR O 00 IR S Ve BR
A JERE S bt E AL e B B R R . Ak,
ZHEI BN S T A5 S A A Gt X v B
F R EaE s —EEH.
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Fig2 +OH scavenging capacity of PL—N
223 iRy ERN K 3 IR E ) PL-N Xf
H,0, 755/ SH-SYSY 9 /E . 5 1E % 2
JtaAH LY, H, 0, 55 04 18 48 40 M0 0% PR W 3 KRR (P <
0.01) ,{HI2JHA R BE (10~80 pg/mL) [ PL-N Bk
AT FAL B S FCAM RS A H B T R RS (P < 0.05) .
TEAEE 2 80 g/ mL i), A PL—N HEAT # 4k 35 /5 B 40
MIAFIE AN 88.7% o LRI W], PL-N B R 451940
MR 4E L, DG i s T 5E W i P A AL i . IX
LI ATTE A R DPPH FYE B B R BAA AR 4 1y —

ESQ

23 WRBEHRZESENENRELEGE

2.3.1 PL-N XA FUESRIE OS2 & 2H /0
FRUFFIE | g Jie L UDE Hi5 B 4l SR a5k 1 s, FlIE & 2R
FHLEE , D=2 2 AL P AT AU 2H /)N BR ) = I % 5 21
2 REAR (P <0.05) ; 5EERIZH X5 Lb, BHPEXT R (V)
21 \PL—N 4bFR2H i) = Fh IR 45 S50 A TR 2 3 19 32
=, TR RS ) B PL-N AR PEZH o 2 PR (P <
0.05) , H¥ S — & MM BEAR M oG 2. B Sk 9,
D— 22 Ab B4 A5 280 2H (1 L L ik A R I o R
%, Drae iR BSR4 19 PL—N XJ LA b =k
ER YA — R B g ARV R, AT X AL 11
g B R B R E R

2.3.2  PL—N XSRS BV A0 E o b S0 g i
PERSZN AL B AT (SOD ) S AILAA PN 4B

100 I l
80+
60 4

40 4 fH

A HLAFIG (%)

20+

FHYEXT B BIPEX I 10 20 40 80
PL-NJK ¥ (ng/mL)
K3 REHE PL-N 3t &S5 S0
SH-SYSY 2 a5 113 () L 444
Fig.3 Cytoprotective effects of different concentrations of

PL-N on H,0, —induced SH-SY5Y cell injury

TE S BITEX AL, « R 3% (P <0.05) ,

o RN (P <0.01) s 5 FHPEX IEA L,

IR B (P <0.01)

F 1 PL-N XF D—F-FUIE S22/ BULE RS B0 B

Table 1  Effect of PL—N on organ index of
D-galactose—induced senile mice
a1 JFIE ¥ i JIUE

(mg/g BW) (mg/g BW) (mg/g BW)
I 42.00 £4.10™" 2.55 041" 3.07 £0.26"
I 36.65 £2.05 233 +£0.27 2.65 +0.40
I 4230 +1.93" 2.83 £0.15""" 3.17 £0.39
v 4043 £2.93 236 048" 3.34+£0.36™
A% 4242 +2.44" 237 £0.34" 345 +£0407
Al 4441 £2.71 2.52 £0427°" 3.98 £0.64"""

T SRR R AR L, » F08 B35 (P <0.05) , == FRH
(P <0.01), %+ R ELZE(P<0.001);%2 %3 [FH.,
BT 3L (O, - ) 1R AR BRI, BE AL AR A Y
0, - RIAEBALIZ Y, BEAE B O, - HIRETE P& LU
Ko T 77 Il 988 A0 e g A5 L 45 b H IR G 4R Ak W il
( GSH-Px ) BEAS 457 A AL 23 D6 H Ik ( GSH) X+ H, 0,
BRI B2, A ) A 4 2 i 4% A4 i % RN ) BE 109 1R
A AL A (CAT) BEMSH H,0, S0k H,0,
T3 LA 200 i i A2 14 P B 388 K 200 G 1) 1F 5 3%
B P, I B A AL B (SOD  CAT ,GSH-Px)
T39I/ INTT LA 42 S5 e LAA W 55 1 Pl LA BE T .

T SR B B 22 R 2 F PL— N XoF %2 3% /N B 35 #1
HFRE b AR S T ISR AN 2 AN 3 s, M
F22 K3 AT LIE Y, 5IE 5 6 B AR HE, D- 2R 3L
W75 S A 0 21 % 2 /0N LAY I R RN I I v B 4R Ak il

2 PL-N XFEE/NRUILTE AT A M PR AP I 5 B A2 R

Table 2 Effect of PL—N on the activities of antioxidant enzymes and the content of MDA in serums of senile mice

20 5] SOD( U/mg prot) CAT(U/mg prot) GSH-Px(U/mg prot) MDA ( nmol/mg prot )
1 237.70 £1947 " 19.63 £0.21 ™" 303.11 £12.94 " 823 £0.19"""
II 196.17 £5.39 9.44 £0.43 172.09 £12.02 13.63 +0.63
Il| 330.56 +35.84 """ 30.23 £0.63 ™ 457.58 +12.72°"" 575 021"
v 24135 £21.61° 27.66 £0.34 ™" 41645 £5.52*" 6.62 £0.12""
\Y 275.94 £12.17""" 31.57 £0.23 """ 523.20 +9.76 """ 5.18 £0.15"""
Vi 309.84 +12.36 """ 36.33 +0.36 " 638.52 +14.43 """ 232 +0.31"
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%3 PL-N XFEE/N RO E Pe S A T 1R AR P 5 B A )

Table 3  Effect of PL—N on the activities of antioxidant enzymes and the content of MDA in livers of senile mice

21 5] SOD(U/mg prot) CAT(U/mg prot) GSH-Px(U/mg prot) MDA ( nmol/mg prot)
I 252.69 £6.52°"" 2047 £1.66 """ 308.03 £17.22 """ 333024
I 203.99 £4.36 6.85 £0.89 210.44 £31.74 4.83 £0.43
Il| 284.36 £5.26 """ 28.20 £0.76 ** 430.03 £12.47 " 383 £0.14"""
v 329.38 £4.44 """ 21.85+1.73"" 386.95 £17.67 """ 3.96 £0.20 "
\Y 389.75 +12.61 """ 35.61 £0.54 """ 449.50 +20.54 " 2.82 +0.30 """
Vi 446.26 +12.94 " 43.60 145" 53321 £27.80 ™" 1.93 £0.16 ™"
(SOD ,CAT ,GSH-Px) 75 ¥ i /N (P <0.05) , {7 1H 304 rs
PR e T . 5 A X R ZH AH Ll , BH 4 %) R ZH 1 52‘5_ s
PUEAL BT 7 40 25 3 w5 (P < 0.01) 5 Rl £ 3% B0 o
22k SR PL-N 4 4 B4/ L IGL 3 AT IUE T £201
Fitg % F3 34 2 = (P < 0.05) , Hirfr PL-N & 57 # 40 R 1.51 » .
HORCR fre . IXSELE IR R W], PL-N fEfS 75 D-2F S 10
FLIBE T 59 40 A 45 03 /N BUIA B B9 SOD L CAT il ® os
GSH-Pifi 17 S ILUR P 11t ST R 1. 3 ]
T8 S I E PN 1 (MDA BEREAS Sz BRAILIAR N IR 5T I Il 1 o v v Vi

SR 1 R R ) 2 M ST e 2 AR A 1 R R
AN 2 TN 3 Fraws, 1E & XF 08 25 /)N BRI 37 AR B A
MDA & & M AR B4, 22 R B3 (P <0.05),
PLAH D—2f ZUME SN BURE A B A ol o BH e ok
BEZH \PL-N iK% & PL-N 55 &2 Fl PL-N 55 &= 41
/N BRIV AU DE o MDA 5 &5 5 8 %) R4 46 Lh
2B FE (P <0.01), HE—FHIFIERN KR,
X B L FE A T SR T 22 R 2 PL-N REAS
o8P 3 2 /)N BRI TS R AIE = ) MDA 25 i, I il A= 9
g i S A R N, EL A B B B A
2.3.3 PL-N X$#E /N BT A B Pt S AL BE 1 O 52
A% 2H /N BRI AP 9 st Ak fE 1 (TAOC) tn &l 4
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