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Abstract

Nerve growth factor (NGF) is one of neurotrophic factors, which is responsible for neuronal growth
and prevents from neurodegeneration. Hericium erinaceums (H. erinaceus) is an important medi-
cinal and edible mushrooms, and it has bioactive components such as erinacines and hericenones,
which can induce nerve growth factor (NGF) production, and increase the neurite outgrowth. This
study was to observe the growth of PC 12 cell and analyze NGF contents by producing 28-days H.
erinaceus solid-state fermented wheat and feeding the rat pheocromocytoma PC12 cell with the
ethanol extracts. The concentration 1 - 100 pg/mL ethanol extracts (HEE) from H. erinaceum sol-
id-state fermented wheat product did not significantly cause cytotoxicity of cultured PC12 cells.
The NGF contents and neurite development of PC12 cells were significantly increased by adding 10
pg/mL 28-days HEE to medium.
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MEAEKRE T (nerve growth factor, NGF)EMZEEFRHEFZ —, AMESHRAEKMEERR, 7L
%84k, ¥EkTE(Hericium erinaceum) A—FEERZEFHAER, CSE LRSS E G
RSy, PIRBENGFRIARR, MMM EHRMAERK ., RN EIELE NEESRKB28R N ZEXRY S
KRS _EIREE R g4 MM bk (rat pheochromocytoma cell line, PC12)3t3%3%, MEHAKEL XKW
NGFE&. &R ERRERN1~100 pg/mLAHESL B /N2 B & K B EUY) (HEE) X PC1 240 fa 0 B9 2 U 48 e
BHEM, AR, BN10 ng/mLUESLE B & RE/NE HZER YT B R EPC1240 M= R K 4
WANGF .

K ia
Bk, BESKEE, MEERET, #R

1. 53|

1255 77 K 7 (neurotrophic factors) /& == L 5 #2841 (1) A= A DA RGP IR 7, A 24 B AR KA
HERE, W42 e, P s A e KFE T (nerve growth factor, NGF). i Js 14
227 3% X 1 (brain-derived neurotrophic factor, BDNF). #1427 9% [K] 7--3(neurotrophin-3, NT-3). 147 7% A
“F-4/5(neurotrophin-4/5, NT-4/5). %45 %X F-6(neurotrophin-6, NT-6). NGF A& F A B Z# H T
W — MR E IR T, AR b iR, Hor 8474 140 kD, 11X 8 K] -1~ 3= BEAT 5 2 40 i 3 1
1 Tyrosine specific receptor kinases (Trk) A\ B C &L — V23845 G 1], M0 {50 44 20 40 i () el 5%
K AR SR . (H T2 7 et K, Joikid i i fiw kB (blood-brain barrier), 6Tl 4
IR PR TG LAANIE Y 75 AT VR T [2] [3]

Wk 2P EE S G E 2L, AELAREIH R[4, Hroth EZoh R, W, =@, k. )
Ay, MEE. A, P W, B /A, £aENE S T E =X [5] [6]. TFEKZ
8 IS KB B T VERG TR R A [ 7] [8], MR EIm S8 N[STR MK B AN 2 5% &l MEIE TR T, H597 14
RIARI B 22 T EARL, FiEIL 5 Rl 2 4T HE N 0.54 g, BIR R B 223 E N 3.6 mg/mL;
FNAREE N [9] K 75 55 N [10] B LAVE Ry 4RI H 2 W& &4 0.6 mg/mL BA s Krzyczkowski 58 A
[11]LA 50 mg/mL & #E. 10 mg/mL BEEEACEUY). 10 mg/mL B& 8 A5 & 1.0 mg/mL B§fR S 8min+
iRt JFF pH 5.0, 110 rpm, 25°C REEATHSK RIS K 8 K, ISR A192 mg/mL. 537
AT T DA T R TR B AC SRR 5 B A P AR B S R (1R PR R 2 ) AR B, A B 22 R Sk o B AR B,
PR =Y, GFEZEE. k&K (erinacines). kil (hericenones); FHH Sk 2 = Bk H T LB K %
MR 224k, o DL S KT R B)= s 224k, HIE3R 5 B2 iE T S AR K, AR 2R ARG
IR L BOR T B IR R R LR, AROK & B B R R R T B R A, Al RiESE
5 JE B (R B T B AR

WSk 35 PO Sk B R B P ) Th 2 22 AR [12]-[16], FLIGSR 4% J1[17] [18] HMI[17]. Frak[18]. &
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ME[19] BE M BE[20] 554 3 ThRe s ki SR L 22 S AR 38 Bk, Mk R EAH Z MR, kR
A[21] [23]. B[21][23]. C[23][24]. E. F. G[25]. H. I1[26]. J. K[27]. P[21] [24]. Q[24]F1 R [28],
Hrb AVBLC.E.F & H ¥ i34 52 IR 40 ff (rat astroglial cells) 7 b £e A4 K A T-(NGF) [23] [25] [26],
FLA AN [F) 2 B 2 A Sk 25 A AT 2 A5 4 20 A0 L = 26 S SR B 58 [29], VR 9T 4 7132 1R [25] & 22 55 [30] K ki
EHFERAE « IS AR IRAE[21] [22] [25)56 808 . MEkER L B A Z MR, MifEkE C. D. E[31] [32]. F.
G. H[33]t5 NGF & A <, (HPE AR T X LR SL R Re (R A M £ 40 i 73 W NGF [23].

AT B BAIRDT LINEAE R, BEAT Sk R B3 R, K 28 RS W /INEZ [ A8 K T Ll 2
HUpss T PCL2 M diiff, MEHAKABTE KA NGF & &, DAWFIT 0 ol 22 40 i b 58 A K 2 52

2. MRSRE
2.1. #%

M3k P4 Hericiumerinaceus (BCRC 36470) H A=) 55 I O A7 A i 58 HH > (Hsinchu, Taiwan). 5 Sk %+
SEARIE H AR AZ R Z3Z(1lan, Taiwan). KR FEES 198 41 i (PCL2) Hi FH BH K 2% B} 3¢ 2= Bt (11an, Taiwan) frfe
fto /NI E S EEKAT (1lan, Taiwan). S5 224 &) Bl S8 85 77 34 (potato dextrose agar, PDA). Rkl Hi4)
(yeast extract)lJ H Difco Co. (Sparks, MD, USA). A —(K,HPO,). WilRE:(MgSO,47H,0). i % b
(CeH1206)~ WiIRES (CaCO3) Il I H AR 4l 2 Tl k3£ 41 (Osaka, Japan). ZEE(C,HsOH)HH Lab-Scan
(Asia Co., Ltd., USA). fii“f IfiLi#5 (Fetal bovine serum, FBS). I IfiLi# (Horse serum, HS). %% J& PG4k (Penicillin)
JE EERBE R (L-glutamine) . B2 2% % ¥ (Phosphate-buffered saline, PBS)I H (Gibco, Grand Island, NY,
USA). Dulbecco’s Modified Eagle Medium (DMEM). Dimethyl sulfoxide (DMSO). MTT. Poly-D-Lysine.
Trypsin 4§ § Sigma Chemical Co. (St. Louis, MO, USA).BSA.Tween-20 4 H (Gibco, Grand Island, NY, USA).

22. A%

221 EMEFEEL

1%L B Hericiumerinaceus (BCRC 36470) % T PDA "t 73E, 7E 25 CHEFRM 8578, A H 4R
Br%, MK B G K R 2 B 2 LU RAAR = AR 59071 4 H S IR (B 5% & HE L 0.1%8% REAE LY. 0.1%
WA 0 K 0.05%i R, PLZARTE/KEE S 150 mL), 7E25°C. pH5-6. 150 rpm 244 N 3T FiliG (L 4%
B e Wiy N

2.2.2. BISKER

BTG W 10 mL 2R T COR B 1 kg /N2 HE TP (7 0.1% B REACHUY) . 0.1% M5 FR Sl — 4
0.1%BRFRES K 0.05%MiliREs), H/KS & LN 50%, T 25 CIHEE M PRIE 28 K, Fk kBt
17 121°C A 60 min. 50°C # X T8 5 H BE R ICEE

2.2.3. BRI EESREEZ BEER(HEE) 5IRLTE T LR 2R ZERHI(FBE) 2 I &

53 AVRE O B Ry 0 Sk T /0N 22 [ 25 R B P ) RO Sk 3 7544 0.2 g, DN 85% 41 1 mL HHAT
HIREY 2 h, FLL5000 x g B5.0 10 min f5, U EIEW L 50°CTB 2T, FIMA 1 mL 4055770 LUE
PR 10 min EAE, FJEH 0.22 pm JEREIE, K ASEURAC B ROE MRS
2.24. R BB B (HPLC) 54

B0 5 g MIAR KT /INZ TEORMRIR Sk B /N 22 [ A5 B P2, 5 15 miL (1 £ DA ¥ 0 72 9% 2 X 10 min,
£ 6000 x rpm 90> 10 min, #EATIEPE. ORISR, A 15 mL 1) L8R 08 DU &R R, 2517
. RIS, SN CEERI, LL0.22 um PTFE JEfEIL 385, BHATHE HPLC 20 M Sk i K AT
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Ja 2 A8k, #E Kenmoku 25 N [2410 50 BT 464418 H C18 (250 x 4.6 mm) N EHE, Bahil: 80%HEE, Wi
A 1.5 mU/min, RBELAMESIREAIT, CLEISER MM : 210 nm, B3 60 min 459 . HREHE
H HPLC EELE 4.1 min HILPEIE, 22 NMR IR 204 K58 5 7 B ESL & A

2.2.5. HEZMAAIEF SR [34]

R FR LS LA 50 ng/mL 2 poly-D-lysine #EAT¥RFE, £5 5 min J5&H, CAIFIANRELE .

R RREF I B T P % M A PR A R (PC12) 85 7% T 1% L-glutamine. 1% penicillin. 10% FBS Fl
5% HS ) DMEM 532, % pH 7 BT 5% CO,. 90%AHNEE 37 CHMERE M. A E=XK
FJUBGIHI, UL PBS AR R AR HERE IS L4 M, N 1.5 mL 0.25% trypsin $A+] (E 4 i 52 R, i 7
N 6 mL BRI RN, KA SR E B0y, ARSEEE H AT 48 3% (passage) -

2.2.6. AMAFERERIH

DLAH BA 7% 2B (MTT assay) [35]9FAili AR K BE/NE2 22004 HEE F1 FBE AbFE T f5 4H i (1) 473 o 3l
MTT FRAE R B, 2 1) FH i 240 G P L 2 1A I 25 et 15 2 tetrazolium salt 1R8] ik formazan £1IR 45
TR A LI 71 DMSO K 2 ¥ il J 7T 7E 1% 2R e 70 M A (ELISA reader) FEEHX 560 nm Mol KH5 BAH
() & AT AR S 4 11 22 5

¥ PC12 $ 7 (seeding) % 6 x 10* N T 96 LA 24 h, WHERIEFRM, IMARERE R K /N 2.0
AE). HEE 1 FBE 0. 1. 10 & 100 pg/mL £53% 24 h, WeBRE: 78 A3, I 100 mL MTT 7£
S7TCFEH 3 h, ZJEH & MTT HISEFRIMER, I\ 100 mL DMSO K45 5@ 10 min, LARE 2K G
3 Hr AR 560 nm W .

2.2.7. fHEZESERRINI ST AR
¥ PCL2 R4 6 x 10* ANHE T 6 FLAL 24 h, S5 97, I 1,10 % 100 pg/mL HEE & 10 pg/mL
FBE 53¢ 72 h, Lk 200 £5 837 X R M 22 -4

2.2.8. MEEKA T

PC12 #Z4i b (seeding) 2] 6 x 10 NHMLT 6 FLEE 24 h, WRERIEFRWE, > HIANA 10 ng/mL HEE
FIFBE K777 72 h, 20 HIE & 0% FHIl NGF 7l i

FIF Human B-NGF ELISA development kit 4347, ELISA 96 well plate 7 & #55H PBS #i% capture
antibody % 1 pg/mL, ZRJHL 100 uL/well HrikE plate, T = N E S RECH; FHWREr EiE®E, H 300
pl ZErei(0.05% Tween-20/PBS)iEUEAE well PUIK, $x/EiEVETE/E, HET IR, 4 plate BIH17E4C
h FEZF, 4 well JiA\ 300 L block buffer (1% BSA/PBS), T iR F# & 2=/ 1h, HWE SRS
B BE Y &

PRAET A S AR RO PR RN 2 ng/mL 21 O #ke, SZRPIIA 100 pl bRk FE & (5 e ) 2
well =882, TEIEFHE2h, W EEREH 200 pl 2200 P i ve s well DUy HARF0, A8
TPk Lk B . F R4 REFA B detection antibody 1 0.25 pg/mL, Y 100 uL 2% well T =3 T 2 h,
W b3 v 3T F 2 e s e DY ¥k, B 5.5 L avidin-HRP conjugate FH R B M B 25 44 #1711 mL, HX 100
pL 24 well T %06 Ti#F & 30 min, "R BIGWOFHZMBRBGEBEIY XK, N 100 pL 325 (ABTS A 32
S, 3 RTZNER) T =R N RN, BEEBIG 4, T ELISA reader 450 nm il i 445 {k., 650 nm A% 1F .

2.2.9. Giit ok
RIAi R =EE, FFLFIAEbR R 2 LR, s B H Statistical Package for Social Science
(SPSS, SPSS INC. %= fi [l [ 3 {1 45 v i i) 5 PR 23 1) 14.0 FR G HH A AT 8t ir, L2 Je 4B e 49

©
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#r(Duncan’s Multiple Range Test), LAE#E/KF o =0.05, RHERZ BEME.
3. R ETE
3.1 BLEESABI BRI

W AR /N BN S T /N 22 [ 25 R B P g AT M S 32 2 ks, 9 DA Kenmoku 28 A [24] 2 45 & AT IR,
HAE R HPLC EIREAE 4.1 min HELAIBIE, 22 NMR A1 IR 041 458 5 70 B Sk & A AR FRAEM
[F ) HPLC 43 #2641, 18] 1 HPLC B3 SRR KB /INE (a) < SREZE MUY 06 4.1 min 2 V&, T HEE
WITE 4.1 min A B B 06 (b), HU i 1A Kenmoku 55 A [24] 1Mk 3R /0 M4 Raeils, et o e
BN, AT P Sk R B S A =), 5 — MRS R RS T A A [F) A RO Sk 3 A
SEIREE PR [ 25 TR 1548 AR B — MBS IR AR R 2 A8 Ry« B 7 A0 s F 2 a3 B A4,
A Krzyczkowski 55 A [36]52 LA HPLC 73tk B ES K =W 2 CBEAN LR LRI, Ho kA C18
EHE, 40°C. 70%HEE KM LA 1 mL/min S b, Ay 340 nm, T 6.33 min B [EER S
ek z AR, KRy 192 mg/mL.

3.2. MTT pafFEERIRIE

BE— A A [F R 2 A R /N2 RS ACEUY) . HEE 5 FBE % PC12 4 AR 2 (I sEma (0 7 1), 45
REIR, AEIRERI(L. 104 100 pg/mL) A K /N 2 BERE RV AR (1 40 A7 05 R IF 0 36 2 e ik, 3R
SRR, HEE K& FBE M2t PC12 44+, H HEE £ =R AR M FBE KA KEE/NE 2
Tt 2 ) B A 28

Nagai 5 A\[37]# 0.01 &% 0.1 pg/mL Mk %6 ZE BV RE 77 T/ B 22 48 iR 40 e & (Neuro2a)H 24 h, 7]
A bk DR P J5R 9 R 0 BT i R AR T, K2 L0%IH 4 A7 5 24 £ 24 65% % 75%. Park S5\
[29] I ANFIHR EE(0.2. 0.5+ 0.8+ 1 pg/mL) Rk 4 B 22 AR AU H Ho s 77 PCL12 40 0~8 R, Aarilll
YHARECH , PR ISR Sk 2 T 22 PR RE A B R i (1 2H A L 4 B A R R, AR TR 4 At
TAETE, WO ok Sk il LB 22 ARSI AN 22 3 el ML AE T, AT B s ATV &

3.3. FEIREE HEE X} PC12 #&Z A4z &0

MEE HEE ¥R 5T PC12 4 AK 2 5m, NI 1~100 pg/mL 2 HEE £53% PC12 4iiffl 72 h J5, LA
P 3R )% T IR B 2. HEE (R4 b Z R Ab 2 NGF B &, JF 5 RRE/INE QR 2 FUER
B S 2 SERAGER 45 T R, 5 2 (a) JF TE W S 2 il AR K, IR P 2 R R T /N 22 ZE B 531 (b) (c) (d)
G Al A B — /N AR, T HEE &R B 4531 (F) (g) (h) AT W 82 21 1 2 40 i 350 B S A 4 11
RZPHERAEK, 510 pg/mL FBE A 51(e) A MR Z £ KR, H45HR TR HEE nI{R K 2 540 i 4>
= R H 2 532 358, It5 FBE AAHEZBUIR

3.4. HEE JRE Xt PC12 #IZ 453k NGF SEZ M

B — D TR CEERE R AR PCL2 MBRAT =42 NGF &8 . B 2 M RER, Mk
¥ HEE $RE{2(E PC12 4 /it NGF, FA S LA 10 pg/mL A {2 {# PC12 4 /it T 3 mL 538 R 2
NGF /b i fi i AT IA 492.63 pg, FLUKCH 100 pg/mL Frf=A4E 2 W N 470.46 pg, W8N 1 pg/mL Frp=4: 2 ik
%8 453.54 pg, FHEFEHI 173.54 pg ¥IIA R % 7 (p < 0.05). M5 HHEKE 2 10 ng/mL FBE #H%:, G
RAEZER . BRKER/NEZETT NGF AN A 125 NGF (RILE, HEI AT REAR K FE /N2 (1 REHL
Vb B —SE IR A AT GH IR NGF [3RIA, (AR AE KT HEE K& FBE Fragfefdi /il NGF

&
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Figure 1. HPLC analysis diagrams of ethanol and ethyl acetate extracts from (a) wheat and (b) H. erinaceus 28-days sol-
id-state fermented wheat product
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Table 1. Effect of 1, 10, 100 pg/mL ethanol extracts from wheat, HEE and FBE on PC12 viability at 24 hr cultivation
F 1NN 1. 10, 100 pg/mL K& EENEZEZZEEY. HEE # FBE Xf PC12 55 24 h A ER M

ZIEFEI)
KRN
S 1R [ 745 2 1 (HEE)
M k35214 (FBE)

2 A A7 45 2R (%)
WP (ng/mL)

1 10 100
101.02 + 0.86° 102.03 £ 0.57° 109.15 + 0.06°
127.46 +0.72° 122.37 £0.71™ 128.81 + 1.26°
118.64 + 0.48° 117.97 +0.52 118.64 + 0.48°

!Data are expressed as mean + S.D. (n = 4). *®Means in 1-100 pg/mL groups with different letters are significantly different (p< 0.05). "Mean values
in fermented wheat with * are significantly different from different letters (p< 0.05).

DR F RN T S.D. (= 4): AR FEERIR 1~100 pg/mbL 2 4150 2 2 7 (p< 0.05); *RoR FIK AL R th 2 K= 41 ik B35 %

5 (p<0.05).
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Figure 2. The synapse growth instance of adding different concentration HEE and FBE for PC12 cells after 72 h cultivation.
(a) Control; (b) 1 pg/mL unfermented wheat; (c) 10 pg/mL unfermented wheat; (d) 100 pg/mL unfermented wheat; (e) 10
pg/mL FBE; (f) 1 ng/mL HEE; (g) 10 pg/mL HEE (h) 100 pg/mL HEE

E 2. FMARRER LB INEZEZERY. HEE & 10 pg/mL FBE 15T PC12 44 72 h Bz K1EH; () =4
48;(b) 1 pg/mL R EFE/NE ;(c) 10 pg/mL R EFE/NZE ;(d) 100 pg/mL K& B2 ; (e) 10 pg/mL FBE; (f) 1 pg/mL HEE;
(9) 10 pg/mL HEE; (h) 100 pg/mL HEE; & SkARR J9 4RI E K&

Table 2. Effect of adding different concentration ethanol extracts from unfermented wheat, HEE and FBE on PC12 cells
producing NGF

5 2. AMAEIRE 2R LB &, HEE & 10 pg/mL FBE Xt PC12 4Aff1=4 NGF 2 840

NGF (pg)"
S (ng/mL) Pz KR BN WK A RBEHEE) M3k 75244 (FBE)
0 254.12 + 25.9°
1 383.54 + 23.42° 453,54 +5.33%
10 317.38 £10.41° 492,77 +7.05% 486.74 + 75.3%
100 309.69 + 29.46° 470.46 +17.01°

!Data are expressed as mean + S.D. (n = 3); *Means in different NGF group with different letters are significantly different (p < 0.05).
HEROR T2 S.D. (n=3); YORA TR AR NGF ${E ]34 5. 3% 2 7 (p < 0.05).
ZEE,

Mori 2 A [38] PAAS [B) U B A Sk 4 1~ SEARZEEY) 50, 100 A1 150 pg/mL vEAN A SR 40 M (1321N1) 24
Ji, 24 h JE RN A Al NGF /3843 31208 60, 70 A1 175 pg/mL, 171 50 & 100 ug/mL Ff=4 2 NGF
EEIFCRAZ R SRMAE PC12 #4017 (%<, Mori 558 A[38]4F 125 A 250 pg/mL Ak a5 55
PR R SeG HLRE 77F 132N 4iiffiH 24 h, FHHUIL 80%[M 15 7R 15 7% PC12 4iiffd 48 h, Hi PC12 #f
A AR R AL GE T DL AT L, 125 K 250 pg/mL (R4 Sk 2 A U 4 v [R] 2 fie 16 PC12 4H ™
AFR L AW T — L5 0 NGF &8 AE 700, WAz NGF &EA T, it
G5 AR T ] 25 R /N 22 7 ) 5 0 Sk i - SEAR I AR B R 8 AR 2 RO, T S T [T 285 R I /N 22 7
eI A R e A R T IF 18], LA AR K mT AR A e i £ i 2 R S )

4, g5ig

2 HIAFE R S5 R R 1~100 po/mL R K BE/NZ 2 HU) ) HEE Xf PC12 Al K 2 G I LR
SO, R IR 2 HEE BJREMEME PCL2 Po ARl 2 A, R X L 10 pg/mL AT =422 NGF & & & i i nl
1K 492.63 pg. ORIk B 8 45 R T B 22 AR PR n] A AR AR B I 1), HARBEZ. NGF 203 i 50k

RS ER
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B oW

AARIBG R ZR SRR 99 AR AI-3.1.3-K3-Z1(7) [k B 1~ S A AL AR T 7 W) A U A 2 4L P A 2
IREZ IRV ()| SCHs, RWHEA S AR NE SRS BI#T PCL2 AAHIR, (AR Ll
Ji RFIEE .
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