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ABSTRACT: Objective To optimize the process of Cordyceps cicadae fruiting body polysaccharides (artifical cultivation)
by pressurization-assisted alkaline extraction method, and study its immunoactivity. Methods On the basis of single
factor, the extraction process was optimized by orthogonal experiment with the extraction rate of polysaccharide as
index. At the same time, the body weight growth rate, organ index of mice, and the levels of tumor necrosis factor-a

(TNF-a), interleukin-2 (IL-2) and interleukin-6 (IL-6), the content of immunoglobulin immunoglobulin A (IgA),
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immunoglobulin G (IgG), immunoglobulin M (IgM) in serum, and mouse spleen lymphocyte proliferation
stimulation index were used to evaluate immune activity. Results The optimal extraction conditions were as
follows: Sodium hydroxide concentration was 0.2 mol/L, extraction pressure was 1.0 MPa, extraction temperature
was 80°C, extraction time was 40 min. Under these conditions, the polysaccharides extraction rate was 8.68%, and
the extraction effect of this method was better than that of the single extraction method. In vitro immunoactivity tests
had shown that Cordyceps cicadae fruiting body polysaccharides could effectively increase the body weight growth
rate and organ index of model mice, as well as the content of cytokine (TNF-a, IL-2 and IL-6), immunoglobulins
(IgA, 1IgG and IgM), and the spleen lymphocyte proliferation stimulation index, which indicated that it had a
significant immune enhancing effect. Conclusion The optimized extraction conditions can effectively extract
Cordyceps cicadae fruiting body polysaccharides, and the obtained polysaccharides from Cordyceps cicadae fruiting
body have a significant immune enhancing effect. This study can provide scientific basis for the extraction,
development, and application of Cordyceps cicadae fruiting body polysaccharides.

KEY WORDS: Cordyceps cicadae fruiting body; artifical cultivation; polysaccharides; extraction process;

immunoactivity
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FALENHRE 0.3 mol/L . BHE L 1:20 (g:mL). BRI 70°C,
PEIEFA] 30 min; NS BYBRE R BG4 $RIUE )
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Table 1 Factor levels table of orthogonal experimental design

KR
KY A BIREUE S CHREGRE D3RI
e B /(mol/L) /MPa /°C /min
1 0.2 0.8 60 20
2 0.3 1.0 70 30
3 0.4 1.2 80 40
4 0.5 1.4 90 50

1.3.6 WIPRIBEF M FER

()/NRAERI A ST AT R

1 60 HSPF Gl /NR, @I PENRSE 7 dJE, BEHLAY
H6 A, AR SEAXTEA . BRI R I . ZE0E
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T, B 10 min, 43I0 . SR BLISA &, Wi
& H TNF-a., IL-2, IL-6 R AIEEBRE N IgA .| 1gG.



5 20 3]

G B, SE R R R SR B T IR LA B AR S S i E A ST

99

IgM W& & .

(4)7I> Bl L8 5L 290 e 7 52 56

2 BT 2458 0y 0 LA G i /0 B 40 Ak
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IR TR MARBUE T 1.0 MPa B, BIEFSC
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JEBRAR o SARIUEE Ry 70°CHT, WATE TR AR iR,
Hh 8.69%, SRIGREML. FIRER M T, FEMEMRELT, $EHR
TS, AR TN 2R O, JEBCR T
MRBORBERF 70°CIR, FEMUE TR, &5
B2, PRBCRRRIR . 13X 535 P oy 45 Rt i —
o WO ERBUR I E S 70°C.
2.1.4 I XA T RS ABRRE N TR

WA SR 22 W 4R B3 B 3 B IR ) 1) S S T v
Jr FAR . YRR E] A 30 min B, W46 SR S p A 2] %
K, N 8.67%, BEIG ST, nIREZH T, R IEHUA ]
AR FAMmEE, SMEHEE, RBCRT R, YEEmu
[ERTF 30 min J&i, 13K ASREURE, 5 SFECHABIRE H,
Ef 2 R R Y, BRBBCR IG5 T S o
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Table 2 Results of orthogonal experiment

B oagy — ZHFEIR%
4 B c D EE|
1 1 1 1 1 1 6.81
2 1 2 2 2 2 7.98
3 1 3 3 3 3 8.36
4 1 4 4 4 4 6.93
5 2 1 2 3 4 7.45
6 2 2 1 4 3 7.16
7 2 3 4 1 2 6.56
8 2 4 3 2 1 7.65
9 3 1 3 4 2 7.52
10 3 2 4 3 1 7.69
11 3 3 1 2 4 7.22
12 3 4 2 1 3 6.51
13 4 1 4 2 3 5.42
14 4 2 3 1 4 5.53
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S ZHERIE /%
A B c D =H
15 4 3 2 4 1 5.21
16 4 4 1 3 2 5.49
ky 7.520 6.800 6.670 6.353 6.840 /
k> 7.205 7.090 6.787 7.068 6.887 /
ks 7.235 6.837 7.265 7.248 6.863 /
ka 5.412 6.645 6.650 6.705 6.782 /
R 2.108 0.445 0.615 0.895 0.105 /
VAR T, .
R3 FENHER
Table 3 Variance analysis results
NS s 2E -7 i F H F it F Il S8 B
A 11.157 3 27.346 9.280
B 0.408 3 1.000 9.280 /
C 0.993 3 2.434 9.280 /
D 1.895 3 4.645 9.280 /
BRI 0.41 3 / / /
e *FoR2ZE R B (P<0.05)
HIZE 2. 3 WSS RIHT AT AL, 4 A DIRAYSE T /NS 2 EO IR L, AR TR | i s B

A>D>C>B . A AN FE ()X WAL F SR 2 R B
MR, BB T BEKT, HAERARE, &% R HW
0T, MR L Z SO 4,8,C;D5, BIA AL
W 0.2 mol/L . $RHUE S 1.0 MPa, $EHUR A 80°C, HEHL
B H) 40 min. 78 B AREALA FIORIESE R, TR 3K, 15
S WALE T AR ZHER RN 8.68%(3 Y T-H41H)-
23 ML FEAZHEARRRG AR

& 4 FTAL ASFERBOY LIS 2 P BCE R T,
TR B RS B BRI ORI =l 8.69%, SRk
PR SR LA L, A3 AR T 27.42%F1 23.62%, i
B P [ B BRI F . — 4 ik
INR B IEME LI LER

DR R R AL B AR A M
JUERSHEHAE — B R T R ML AR 1 i 7100 A

2.4
2.4.1

JUEHE B i 25 T B (P<0.01) o SRERIZHAH LY, ZET@mKkme 2 /)N
FRARTE IR A | i s B5ORI NIV +i8 B0h S 2 15 1 (P<0.01);
WAREF SR I . P SRR AN BRI G K R 2
F(P<0.01); WAL TS 1A 22 BEAR R 1k 41/ BUNE 2548 80 e
R, AAJC M, b R R AL R R A R
(P<0.05, P<0.01), 56 BHMALE 52K 22 B BE 2 34 0 498 77
ICTT /0N BB R 17 P i 388 R R TR 2R 4 48, 4 e e g,
X5 kL4 I P E A 45 A — 3K
242 R@ICE TR LA REE S TN E

20 DS S — Rl BEAS IR T S N T 2K, XA
WA BTN R 6 nT AL, 5 PO LA E, R
HILH /N A A R F TNF-a, TL-2 Fil TL-6 & A {2 [ AIG
(P<0.01), SHEAIZH /N LG, Z2 BERKMEZH FRMAAE 7Sk &2
BN Z0HE R F TNF-a, TL-2 Hil TL-6 5 35 (g 38 i
(P<0.05, P<0.01), X 55445t o2 45 A —30
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Table 4 Comparison of extraction effects of different extraction methods

s mweenn S e e e SRR,
P27 S 1:20 / 1.0 70 30 6.82+0.34
T e I 1:20 0.3 / 70 30 7.03+0.25

T At B 1:20 0.2 1.2 70 30 8.690.38"

T S KRR, 2 FR B B PEZE 5 (P<0.05); SIRARBUA ML, * R BA B 122 R (P<0.05),
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Table 5 Effects of polysaccharides from Cordyceps cicadae fruiting
body on body weight growth rates and organ indexes in mice (n=10)

15 K Mgk IER K
R R /% /(mg/g) /(mg/g)
25 X R 23.17 2.36£0.25 3.28+0.29
HERIZH 3.42% 1.08+0.11% 2.09+0.22"
sy 19.68™ 2.03+0.19” 2.86+0.24"
BUIET S0 12.23™ 1.33+0.13 2.21+0.21
IR AL ’ ’ ' ’ ’
BETIEER 15.56" 1.76+0.18" 2.5840.19"
e abils el ’ ' ' ’ ’
WALE T SEAR 2 HE . " "
O 19.23 2.01£0.20 2.8840.18
A A

W St A, *P<0.05; #P<0.01; 54T 4 A8 1L,
"P<0.05; “"P<0.01, F[dl,

&6 ML F ik L AERT /R AAEE F ok EHISZIE (n=10)
Table 6 Effects of polysaccharides from Cordyceps cicadae
fruiting body on cytokine levels in mice (n=10)

] TNF-a/ IL-2/ IL-6/
(pg/mL) (pg/mL) (pg/mL)
ZEAXTHEA 353.59+34.85 0.265+0.012  33.62+3.29
LAY 2 172.62+28.64"  0.124+0.011"  15.09+1.52*
ZETEBRIRA]  325.43432.56™  0.235+0.009”  28.91+£2.25™
LT S % 217.86429.88"  0.157+0.013"  18.84+1.44"
B 2 ' ’ ' ' ' ‘
WitE Rk Z " " "
u 268.15+30.45 0.192+0.018™  23.25+2.24
AR
WiTE Tk 2 " . -
o 312.45435.24 0.228+0.015"  26.88+2.52
W A A

AR YRR S5 ) R ARG 2 11 Y 0k 2 DN I 355 e 93 B
F(g). H12E 7 Al 525 (0 BRATHT e, BEORI4T/NRR L f
JERRTE 1 1gA | 1gG I IgM &84 SRR (P<0.01), 1560
IR /] S BUN R e T . SERAU/NEAE L, A2
e R e 2 TR AE TSR Z 4 /N A T e BR 1 TgA | 1gG
1 IgM & it i 1 N(P<0.05, P<0.01). i B WAL 544
WA R UG TR, x5 B AU O o
S —E
243 SRR B 0L T AL ) a9 4 )

158 A B 200 Y 345 B o) 84 8074 A /N T R B AL 92 7K
-, AR 8 AL 7S O REATA B, AT /N R AR
EEL 240 6 348 B R 50 S 25 B AIK(P<0.01) . AT UL A L,
A T8 R A £ /) R O ECL 200 8 8 SO S 3
(P<0.01); WHAE 52 1A 2 8 20 /1N BRI 7] ok 4 A e 86
EICE EPEZ S, . w20 SRV B 200 i 3k
T BB R, H 25 5 M B ST 2 R L (P<0.05,
P<0.01). U&BBIAE SR 2208 BEAT 208 /)N BRURGL Ik £ 4t i

SRR, R ARSI KO X 2Rl O
WFTEAE A — 2

®7 WEFIEZENIREEKRESSENFE(N=10)
Table 7 Effects of polysaccharides from Cordyceps cicadae
fruiting body on immunoglobulin content in mice (n=10)

it 1gA/ 1gG/ IgM/
(png/mL) (mg/mL) (mg/mL)
ZEAXEA 68.87+9.23 2.25+0.13 0.285+0.014
LA 21 42.57+7.54" 1.31£0.11%  0.134+0.012"
ZEBERIEAL  62.5948.69°°  2.14+£0.12"  0.267+0.015
BT S 48.75+8.05" 1.58+0.13" 0.178+0.013"
BRI 2 ' ’ ’ ’ ’ ’
WAL TSR 55.65+8.34" 1.92£0.15™  0.215£0.016™
b ' ’ ’ ' ’ ’
MALT S 61.82+7.91" 2.11£0.18™  0.258+0.018"
Wl v ) ' ’ o ’ ’

8 WATEF STk S HERT/N FRAE K O 4R B S A R A e B
2 ME(n=10)
Table 8 Effects of polysaccharides from Cordyceps cicadae
fruiting body on the spleen lymphocyte proliferation
stimulation index in mice (n=10)

2H 5 G £ 200 496 1R 84 4
75 % B 0.25+0.015
TR L 0.18+0.022"

byl 0.24+0.018"
WAL SR Z I a2l 0.20+0.021
WAL F Lk Z M a4l 0.22+0.019"
WAL 7Sk Z M a2l 0.24+0.023"
3 & i

A GE 2R FH NP B A i B A - S AR 2, &
BRI A8 LIRS B AR 4R B T 2k S bk
B 0.2 mol/L., $2UE ST 1.0 MPa., $ZBURJE 80°C., 1R
(] 40 min, 7EMCARPE T EAIE T SC R S MR A 8.68%,
T AR BUSCRAR T2 — 3R . RS g TE M SL 0 SR B,
WATE SR Z2 W e AT G ISR /N BRUP) A B 1 4 R R
B0 AWML (TNF-a, IL-2 F IL-6)H &5, e skE
(IgA . IgG 1 IgM) Y & 2 FHMG I 0 4t RS FERB R A, R W]
FUEAT B S 4 s G VR o ARBIF S R R i SR 2
{14 R R BB RN = b T 2 I L T AR R 224 B

EE P
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