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Abstract

The aim of this study is to evaluate non-specific and specificimmune responses on the Hirsutella
sinensis mycelium. 36 BALB/cBy] female (6-week-old) mice were randomly divided into 3
groups and gave them commercial chow diet with supplementary Hirsutella sinensis mycelium
by oral administration of control (distilled water), low and high dosages (equivalent to 1.59,
15.9 g/60 kg/day for adult). After 5 weeks’ experimental treatment, BALB/cBy] mice were sacri-
ficed to evaluate the secretion on cytokine and antibody from spleen cell and peritoneal macro-
phages of mice. The result of the non-specific immune study showed that two experimental
groups had no significant effect on their growth compared with control group. The number of
MHCI, T, CD4, and CD8 lymphocytes in the high dosage group was significantly higher than that
in the control group (p < 0.05). There was no significant difference among the three groups’
lymphocytes such as MHC I, B, and NK. The high dosage group significantly increased in serum
immunoglobulin G (IgG) and IgM than that in the control group (p < 0.05). Splenocyte prolifera-
tion significantly increased in low and high dosage groups compared with control group by con-
canavalin A (ConA), Phytohemagglutinin (PHA) and lipopolysaccharide (LPS) stimulating (p <
0.05). Compared with control group by ConA stimulating, we observed that low dosages signifi-
cantly promoted the secretions of IL-2 and IFN-y (p <0.01), but the high dosages significantly in-
hibited the secretions of IL-4 and IL-5 (p < 0.01). The high dosage group significantly stimulated
the IL-6 production in peritoneal macrophages compared with control group by LPS stimulating
(p < 0.05). These results showed that the Hirsutella sinensis mycelium improved non-specific
immunity in BALB/cBy] mice.
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AW 5 B B AR P B R 245 JER Rt B TR,  ASSE%0 K36 H BALB/cBy )4 (6 /A %)
ANREENL =4 STRAGERK). BRARESEREHFE X604 TRAFERFENL.59 g515.9 g),
R EMELEIRE, 9/ BRSNS B EA Y B R e e . TRER
R P BRE 2 A PNRAEKRE BEPW. £AEFEHEMHCL. CD4X&CDSS % H BEBSTR
HIEhN(p <0.05), ZEMHCII. T. BANKEMHEHHH=HRALEEER. BAEHIMEG6KIgMIL
e B B HRHIE 0 (p < 0.05). 7EConA, PHAKLPS=FEBER AR T, g EHE24EEE
T3k B AR AR L 4T 3 2E (p < 0.05). FECONARIM T, %R 40 15 32 0I5k i AR 40 i 7= AE Th 1 4 U 3 R IL-2
JZIFN-y (p < 0.01), 77 B 41 B 2 i) B I 40 B 72 A8 Th2 40 BB R IL-4 )X IL-5 (p < 0.01) . FELPSH¥ T,
AR LB R s EL R A FRIL-6 (p < 0.05). 4B EHIE 24k BAA (RS BY s R R VAT
Th1/Th24i iR W 5 RIFERARIIEE, EBrFEyEE L8 LB RT3,
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KL (Cordyceps sinensis)7& ML &M, & ZFIETERS, BA YU JUEA B
BEIMAR G55 S 1S EFAE (1] 2] (ERARXRE R TSR 5 EAWR, ARew 2N, 12
W 8 A SRR 22 ORBPURRAR A IR W & R REASCTEME R B AT SO KB 22 M54, 13
g, PR B R SR R BT A R 2 —[3],
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G RE B RG] 43 N KM % R SGi(innate immune system)FJi5 K 14 4% £ St(adaptive immune sys-
tem) P Fl, HT P BB G R BARSCRE, J7 RRAERR SR IR H I R HLRE, SRR INIR[4]. kT
A 52 BT E R, 2 TR A BIE M EH , DURIEIE R AR PUR BT Re . AR %5 e % 4 i 2
I Kb, AT CME N R /T R IS A 1RR 2 — . B R EL4H I T s f = AR PUARIE BRI ;T
TP EEL 20 e U5 7 2R S R A BRI R TR e N . RN A S R RS EERAL, el
HERGH B S50 I RIS, K B, JF H M N KR 200 o il o DRLL, 3 HH 40 B B 40 i
PE, BIVE N VEAL S8 RIS RGDIRE TR BT ASELG H NI FL 45 T Hh 464 B 1R 2244 (Hirsutella sinensis)
X /N B AR S S D R AR 52

2. RIS
2.1, PG ERELEHIESE

AR FE A A ARG S A2 VR TR Hirsutella sinensis 8 28K K. 18°C N EEFE 30 K, BHFEZ R
1 L 57235 (& 2% sucrose, 1% peptone, 1% yeast extract), 7E 18°C FH:3% 14 K, FLL 500 L 1k EEFE
Bt 14 R, MERE] S« RBREPEIR . BB FRIRE R T, TR Ok AR

2.2. RERMSEFT

ARG ST A B 51 3R e, I AN B RS I 7 e R SLEe A b (B AT, BT
1T 36 H 6 s 2 Mit: BALB/cBy) /No B0 5 I EHITE 23°C £ 2°C, MBEHITE 50% + 10%, i
5 RS /N, A RMR KA R .

2.3. AT

36 HARIGEWIZ T 1E % R GAEH(PMI 5001, Purina, 3% E) 500 7818 /KIE NI 1 )G, HIHEENL
SREMH, FAE 12 R HaE R SHRA G 0ok IKFIRE4E R 4 20 557 EHGER 40
Z5). KABEOREG THRE, BH—R, BANK, ELLE. IR, /R E B R R 21
K, BERLFNBAE. RWEHRE, FIH AR sNRGE, 700, WEmE. HEl—
FAb A, DAIC TR 77 2R HUIE s 20 B 5 JL A 44

2.4. BRIEAPEF R

BB T ENGE B3 FEHE(RPMI-1640, 10% FBS)HJ 3 cm patch dish A,  LAJG T 417 2 s
AT R, (ORI FE S Bl E, BULIEW, 7E25°CF, LL600xg B 5 435, Bl LiE
W MR 5 mL RBC lysing buffer, ##& 1 78, A 5SmL fE:FR%E, 7£25CF, 600xg &L 5
Sy, Bl BIEWL . P10 mL HBSS SrRiE eIk, JERAEIE T 10 mL [ FR I,
LA trypan blue JeaikitH4n %, JH41EZE 1 x 107 cells/mL medium.

2.4.1. B ARIEE RN

ST 96 well 557545 H40 HIMN 100 pL 22 1537 £ (spontaneous) 544 2 (4 71 4 ConA(concanavalin A)
10 pg/mL; PHA (phytohemagglutinin) 20 pg/mL; LPS (lipopolysaccharide) 50 pg/mL), fIA 100 pL JEAE 4
PB4 > 10° cell/mL), BA 5% CO,,37°C Z 54 FREF% 72 /NI, LA 20 uL/well Z MTT (5 mg/mL),
T 37CHFF 4~6 /NI, T 25°CF, BL 250xg &0 10 4381, W3t EiEWL TN 200 pL/well 2 DMSO,
= S ArEPE, M AST70 nm 2 W R . 38 4E Fi5 3 (stimulation index) 55 /A 20N (AS570,, mitogen — A570,,

medium control)/(A570 ., spontaneous — A570,,, medium control).
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2.4.2. AR SR

ST 24 well 527724889 0 NN 600 pL 2 %353 (spontaneous) 5% 600 pL 2 ConA (10 pg/mL)-5j 100 uL
ZREFREL, FN 400 uL BRAEAH M EE (107 cell/mL), LA 5% CO,, 37°CZ &M Frilids 24 5 72 /1
W, UM BB, RAEAE—20°C VKA . I sandwich-ELISA ¥EMI IL-2. IFN-p. IL-4(24 /N K
IL-5 (72 /NED I .

2.4.3. REHARKESH

fHEZRILGNE, FEIMA 100 pL BRI * 107 cell/mL). &4 BIIMAR R 765
4 (isotype controls-FITC/PE. a-H2K FITC. a-I-Ad FITC. a-NK 1.1 FITC. a-CD3 FITC/a-CD19 PE. a-CD4
FITC/a-CD8 PE/aCD3), + 4'C F4:th 30 /réh. ®E A 1 mLPBS, 4°CF 600xg &0 10 73r%f, W3 L
B, EHE = A 500 uL 2Z 2% formaldehyde-PBS, ®EGIR-AET 4 CUKFE T, T 72 /NP LAY B4
WA 4> #r MHC II, T, B, CD4, CDS8 5 NK il KA

2.5. MiFEHTiFNE
BRIET 20 C 2 MiEREA, )G LL sandwich-ELISA & Hrh T & 1gM & 1gG HUARIKE o
2.6. B ERERBAThRER IS

AN COLVEME/NRZEIET:, B/ NRARIEAMU R &, FFMHF, S ign, SRkt
MEHE, DLEF 222237 N\ HBSS buffer (Hank’s balanced salts solution), S8} RAAKE, FEEEAIHE, K
BB 4TI BV, £ 25°CR, LA 600xg B0 10 438h, WeFE LI, I 5 mL K5 3#5(DMEM, 10%
FBS) (£ 41 fu 557 7% . LA trypan blue J ik it HANMLEE, JHLNAELE 2 x 10° cells/mL medium. 96 well
FEFEAE 3 HIINN 100 pL 2 %553 (spontaneous) &, 100 uL 2 LPS (50 pg/mL), F I 100 pl 5 x40 i &
FEWL2 x10° cells/mL), LA 5% CO,, 37°CZ A T3R5 24 /N, WCEMME EiEW, fRIEAE-20C.
FIF sandwich-ELISA V2138 1L-6 4 .

2.7. GitorHn

Giit oAl SPSS A #EAT . SIS R I LI AR R Z (Mean + SD)E R . 45 LL One-way
ANOVA 7r#7, #kLL Duncan’s Multiple Range test 347 [l AR BE ULIA] LEAE, I LA Dunnett’s t-test SRAS & b2

O 50 A H AL ) 25 S S M, B B MK CF Y2 N p < 0.05.
3. it

3.0, pREKRKRR

mEREA. KFEASHRAL HARKE, =AM RNEREBELEEZEZRE ).
3.2. PRAE4RPEIEA B8 RIS

FRNE40AE LA ConA. PHA A LPS & =MZFE R, T 5% CO, 37CTEF=R, R RIT =M
ANE TR TR, Y0 PR 5 v 751 2 30 3 R0 TR e P R E 4 P 284 A= (p < 0.05) (L% 2)
3.3. BREEM B paFhE RSN

5 x a2 b A ke B 0 B AL 4R A MHC 1. CD8 4% H 28 n(p < 0.05). E{KFIELHS
CD4 41 B 52 2 38 hin et FEZE 3 (p < 0.05). fEHABMRE 4o in MHC 11, T. B & NK 405 H =418
T3 2 F (W 3).

DOI: 10.12677/hjfns.2018.72014 126 5 E R


https://doi.org/10.12677/hjfns.2018.72014

W

Table 1. Effect of Hirsutella sinensis mycelium on body weights in mice

= 1. PERERELZENREKEEZ T

pagiseich {iS7ilkesei| Shilkedt]
SIS
body weight (g)
F—H 20.93 +1.41 20.53 +1.47 20.95+1.79
oy | 21.86+1.40 21.01 147 21.41+1.57
= 22.54+1.40 21.54 +1.40 21.73 +£1.53
I 23.14+1.36 22.01 +1.42 22.26 +1.65
FH 23.20+1.21 21.99 +1.50 22.36 +1.56

The reported values are the mean + SD (n = 12).

Table 2. Effect of Hirsutella sinensis mycelium on the ConA, PHA and LPS stimulated proliferation from spleen cell of
mice

2. PAERTE AR L2 (3TN R AR A A AR BRI 2 R0

pogiskiel TR feg ke
HIHE
Stimulation index
ConA 20.25+5.24 35.16 +10.08™" 26.84 +10.54
PHA 7.36+3.25 13.17 £2.47" 12.10 £2.52"
LPS 10.15 + 6.68 20.19 + 6.58" 17.43 +5.58"

Data expressed as mean + S.D. *Signiﬁcant different from control group (p < 0.05). **Signiﬁcant different from control group (p < 0.01).

Table 3. Effect of Hirsutella sinensis, mycelium on lymphocyte type from spleen cell of mice

3. PR E AR L2 (3TN R AR A B BT S R0

) o B 21 fRFIEH f TR A
ElREIES
%
MHC I 98.19 +0.77 98.88 £0.50" 98.77 £ 0.80"
MHC II 42.92 £2.66 41.53+£429 42.04+4.12
T 40.77 £3.19 41.92+2.52 41.77+2.15
B 50.83 +3.66 50.88 £3.11 4914 +£3.32
CD4 31.51+3.58 34.27 +3.35 33.12+2.29
CD8 12.45 +0.84 14.48 +0.92" 14.12 +1.68"
NK 0.51+0.09 0.54 +0.09 0.56+0.15

Data expressed as mean + S.D. *Signiﬁcant different from control group (p < 0.05). **Signiﬁcant different from control group (p < 0.01).

3.4. MFEREER

AR 1gG M IgM & & 5 3 5 B8 n(p < 0.05), (KA EALMLG 1gG & & & o R AL 1
T <0.05) (W3 4).

3.5. PR RRZEBRSY W4 PR 3R RE I HOR I
MR 40 T B & 15 (spontaneous) F, =ZH[A] IL-2. IFN-p. IL-4 & IL-5 ({40 ib A0 240K, &4 T
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Table 4. Effect of Hirsutella sinensis mycelium on serum IgG and IgM antibody of mice
= 4. PEEWERBELAINNRIE 1gG 5 IgM ik 20

HoPHE 2 (iSlk N il el
mg/mL
IgG 1.61 +0.46 2.00+0.32" 2.07+025"
IgM 0.27 +0.04 0.28 £ 0.04 0.30+0.05"

Data expressed as mean + S.D. "Significant different from control group (p < 0.05). “"Significant different from control group (p < 0.01).

Table 5. Effect of Hirsutella sinensis mycelium on cytokines secretion from spleen cell of mice

5. P ERMELZ AT EM AR AR D 2 R

pagiceizh fiGF &4 [ lhe el
Cytokine Items
pg/mL
spontaneous 1.93+1.31 1.95+1.22 1.22+0.57
1L-2
ConA 2174.30 £ 392.00 2598.00 + 469.70" 2382.00 + 483.60
spontaneous 0.00 +0.00 0.00 +0.00 0.00 + 0.00
IFN-y
ConA 332.70 = 137.20 546.60 + 82.70™ 471.00 + 137.20°
spontaneous 13.25+1.25 13.49+1.53 10.72 + 1.09
IL-4
ConA 1259.60 + 176.80 1280.70 + 249.00 819.40 +244.10™
spontaneous 0.00 £+ 0.00 0.00 +0.00 0.00 +0.00
IL-5
ConA 380.00 + 86.10 350.80 + 100.90 205.80 + 64.40"

Data expressed as mean + S.D. *Signiﬁcant different from control group (p < 0.05). **Signiﬁcant different from control group (p < 0.01).

Table 6. Effect of Hirsutella sinensis mycelium on IL-6 secretion from peritoneal macrophages of mice

= 6. AW EME LA R EREARRD 1L-6 & AR 2 #200

XA (il A

IL-6 (pg/mL)

Spontaneous 655.9 £298.9 1018.8 £ 637.1 1471.3 £340.2"

LPS 1751.2 £ 106.9 2403.9 + 1712.5 3858.2£2232.2"

Data expressed as mean + S.D. **Signiﬁcant different from control group (p <0.01).
BEER. UL ConA RIEFMH )5, MRA{KG RS w8 8 225 R IL-2 A IFN-y Z70¥(p < 0.05). 1E
IL-4 J IL-5 W53 e, ) gl i B3] 434 (p < 0.05) (ML 5).
3.6. MRz EME4RAATHEERIR

PRIEAAE T BRGNS LPS RIBCT, IL-6 17l B4 R iR B i, s=fl s 4 1IL-6 197>
W I 2 o R AL T (p < 0.05) (LFE 6).
4. Wig

A T W 9 2 BEER T A TR AR B 10 B 22 AR (Hirsutella sinensis) %t /N RAERE M S s Thiesemi,  fikie
rh ORI HE A SR AR TR 22 AR N BRAE ORI TE 2 2 25O, R T A R A TR A2 AR 2 A (5] (6] TEARERR
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PERRAE AR 3G 2E §E /) 7 TH, DA ConA. PHA J¢ LPS 25 = FhH R SIEAE AN AL [RIRE 9%, R INIGAE4RELTE
R 5 v 70 e 2E ) S S AR A T 2L, g B AR T A T 2 A S (R S S A 2 G A R (7]

AERE e It S RGNS YARAE IR E SO T B R E PURAFLERS, X HUAN SRR K1 % 1R
Bo BFFC RN N TR 9% 2 & U BB 22 R n] 2 oy 01 g wb P I Bk W VR L S A cyclooxygenase
pathway, J£1#% CD4(+) 5 CDS(+)itk ELERAN AR AL LL ], LUK BIPiR 28 FIMEF[8]. 1M 5 R i S i A
T IRELER K PR Sk 40 i (antigen-presenting cell, APC)FiF, HAMKEER N T #REER A B REBR. T
WRERER 53 A% B BY 40 BT helper cell, Th cell) 22824 T 40, FHBIEY T 41 X 524 Thl & Th2 FFf,
FEIIRE A WA I R S SR S e RS, TR T 4 DU At K 45 B Sk G P 4 ff B e 4
SKRVIREAT A0 MR S OB o B — PR A AT B AR T 1 T BB AR SE ¥ CD AR, 4 Th1/ Th2 Sy CD4+BH M,
AF T-4ify CD8+FHME. B Wk EERTE G 2RI T — MY 248, 440z 2%, B ik
ELER S 2E SR B R e B s 2R e 2 . APC AR HL RN 5 RIL T 40 M b, {6 T A REaE HEAHT
JRM4 & . EEARHFENEE 5 Y (major histocompatibility complex, MHC) & —F 4l i R IR A E &4,
NZEH MHC 8 H ] L ARE: 3 —8 MHC 73 F(MHC DA A MHC 2 F(MHC 1I), #ifT
MEFETEZA b, EE WA ATE APC b, WEVEAME. B 4. MRS, A0SR HEE
— RO CPUAPRIR A R T, DA R4 A A K IAE MHC 11, T. B J& NK 40 =4 % FH
WEESR. (B2, fEmfE4 MHCI. CD4 & CDS 41 % H & 2 e I In(p < 0.05), Lo EgE
OB 224X T Th1/Th2 BRI /NG R G SROSA R B . Al NHIF 781 30 6 =6 7 B 22 4 A
B RBEARE R, 1245 F 200 mg/kg F1 800 mg/kg [IFIE N, A4k T Al 5 22 (A g A 1548 5 /s B E 41
M EWE T BE . R S T AE R0 M S B ThRE9]. TgG R MM & B REskE [, IgM ZEXHR
AR FT = A S — A e BR R . RGP R DU = T S AR R e B 24, R
EH 1gG BB A, TR R R A R S P IgM SR, SRR R AR A B 2 k] (i i
e BRI E B, 1T BT NAR A0 R B P AR SR B R IR S A HE )

EH J IR0 B 2 il B SRR AR A1, T ConA RUFHFALIE N, M rhERE BB 2K 350 Thl-type
UL ER 1IL-2 IFN-y Z A, JRH0H] Th2-type U B E IL-4 J2 IL-5 ()53, Ui B A B A B 224400t
YA Thl/Th2 AR 7 WA # Bh. Al NI 70 R B4 B 5 RE /K )T LI e Tk b 9 248 e 8 1 K 98 S I
Th1/Th2 “PA#[10] [11] [12]. FHEKERS LPS AT, SxRAME, BiEERAEZ IL-6 7
2 A B A R 2 AR R N A, DR, SRR R T T 2 A R IR T s B A B T R 13] [14] .

T AR P R AR A T T 2 AR M TR BB R G A L 8 M i TG M R {21 Thi-type 48
MR 2 e, M) Th2-type AL R 1 70 ilh o £56 DA b, v et B A v 22 A4 mT DA T /0 SRR PN FEAF
MR TEE

SE

[11 MR, ZFRER, =i, 5 SREEHADURERED]. RE¥R, 2014, 4(8): 63-65

[2] Chiu, C.P., Hwang, T.L., Chan, Y., et al. (2016) Research and Development of Cordyceps in Taiwan. Food Science
and Human Wellness, 5, 177-185. https://doi.org/10.1016/i.fshw.2016.08.001

[3] #5, wh— ARESLWHMPT R YRS, 2003, 22(1): 161-176.
[4] @"RRKR. M. &t JuUMH AR, 2011: 1-22.
[5]1 BEZhH). GEZHERENREIT. SERAERFHHT4EF, 2016: 71-86.

[6] AW, KA, Wk, & RELZPEORME S0 R WAS M E M SeIe w7 (0], BURTIBTE 22, 2005, 32(9):
1062-1063.

(7] s, kAR, B, 55 P BB AN A 75 B B S B T B T AR A LR [0]. [ AR R A
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