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 E: B8 B R R IR B P e 20 SR S N E Bz IR E . B B
WL R OGRS T R 2 T E AN, AR T RIS, Sl S R T /N U
Mo s G REAE . A5 . BIERIMEBHEZH(0.5 g/kg) . FABE b b2z . b, AGFIEL1(1.0. 0.75. 0.5 g/kg),
VEH TS d, 5515 dBRZS FA419h, HARAURIIOK ZBE0.2 mL/ ) EE RGP B Bs A, A6/ Bt
T RS 412U B AR KT AR Ak B i P R B AR HE e 0igR /N B 1405 B 0AE . Western
Blotting ¥ '8 20 25 # % [A F- «Bp65 (nuclear factor-«Bp65, NF-xBp65). ik NF-«Bp65 (phospho-NF-xBp65,
p-NF-xBp65). NF-xB #lifi| K+ « (inhibitor of NF-xBa, IxkBa). #lR 1L IxkBa (phospho-IxBa, p-IxBa) & [ 3k 7K
¥, RO OMEAS DR RRE T2 3%, 2%EERER . 0.15% MgS04+0.15% KH,PO,, H2 T Al
K 0.7411 g/100 mL. 1184 Ehl b 22 B i 2 FEAR 1 1tz /) UL A 18 2H 8 8 0E [H] 4% 1 (P<0.05 . P<0.01), 2
FH AR A RS (P<0.05, P<0.01), W NHTAALARE T (P<0.05. P<0.01); B 22 550 i 2H i 2 s 4 15 20
A0, B TP A L X RE B I NF-,Bp65 . IxBa 2 13 1 (P<0.01) . BT p-NF-xBp65 . p-IxBa
BEATEP<0.01), £ AR L2 R0E v 5E, KR iA AR . 8% 1 3 B 22 R s i R/ N U
PRz, HMURHENEE S TR p-IkBa BEAEE, 1 kBa HAFIS, 0 p-NF-xBp6s %Kik, i
NF-xBp65 Fikhifin, Ml S AE 2 (19635, 15 IR M 5 W R4 1E

KRR AEED AL, KLY WRTEE S, HT B BN

Optimization of the fermentation process of Lycoperdon mammaeforme Pers
and protective effects of its mycelium on alcoholic gastric ulcer in mice
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ABSTRACT: Objective To optimize the fermentation conditions of Lycoperdon mammaeforme Pers and explore the
protective effects of Lycoperdon mammaeforme Pers mycelia on ethanol induced gastric ulcer in mice. Methods The

effects of carbon source, nitrogen source, trace element on the mycelia dry weight were investigated, and the fermentation
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process was optimized by orthogonal test with mycelium dry weight as evaluation index. The mice were randomly divided
into control group, model group, omeprazole positive group (0.5 g/kg), high, medium and low dose groups of Lycoperdon
mammaeforme Pers mycelia (1.00, 0.75, 0.50 g/kg). After 15 days of gavage, except the control group, the other groups
were given absolute ethanol (0.2 mL/piece) to establish alcoholic gastric ulcer model. The levels of various indexes in
serum and stomach tissues of mice and the content of protective factors in serum were detected. The gastric
histopathological changes were observed by HE staining. The protein expression levels of nuclear factor-xBp65
(NF-«Bp65), phospho-NF-xBp65 (p-NF-«Bp65), inhibitor of NF-xBa (IxBa), phosphorylated IxBa (p-IxBa) were detected
by Western Blotting. Results The optimum fermentation process of Lycoperdon mammaeforme Pers was 3% sucrose, 2%
yeast powder, 0.15% MgS0O,+0.15% KH,POy,, and the dry weight of mycelia could reach 0.7411 g/100 mL. The mycelia of
Lycoperdon mammaeforme Pers could significantly reduce the content of inflammatory factors in serum and gastric tissue
of mice with gastric ulcer (P<0.05, P<0.01), significantly reduce the metabolism of oxygen free radicals (P<0.05, P<0.01),
and significantly increase the antioxidant capacity (P<0.05, P<0.01); the high dose of mycelium significantly reduced
gastric tissue damage. Each dose group of Lycoperdon mammaeforme Pers mycelia could significantly increase NF-«Bp65 .

IxBa protein content (P<0.01), significantly reduce p-NF-«Bp65. p-IxkBa protein content (P<0.01). Conclusion The
fermentation process of Lycoperdon mammaeforme Pers is stable and reliable, and the cost of the medium is low. The
mycelia of Lycoperdon mammaeforme Pers can better protect the gastric tissue of mice from damage, and its mechanism is
speculated to be through down-regulation of p-IxBa protein expression, up-regulated IxBa protein expression, reducing
p-NF-xBp65 expression, up-regulated NF-«Bp65 expression, so as to inhibit the expression of inflammatory protein and
achieve the protective effect on ethanol induced gastric ulcer.

KEY WORDS: Lycoperdon mammaeforme Pers mycelia; fermentation process; alcoholic gastric ulcer; nuclear
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Fig.l Fruiting body and mycelium of Lycoperdon mammaeforme Pers
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Bl EERROREA PR RIS ET); SO CRBEL H,
H B AR BORA R A A, BSERIME (4L = 95%, it
5 H20083815, JRIKZL A FRAF]).

IO pr e, KR A 2#aR A BRA AD);
Wi BEIR A (o al, KT R ), A
B BERER (b al, dbnt R A YRR B A FD); FLE
(i, KHAE R 2F A R F); Tk G 4,
AR A PR W) RO T A, L SRR Ry
AR R, AEFREL . BilRER (S irat, [E254E kAt AT
B2, R SN (b at, destib 1), BmREE (ot
g, Rk LA RAR), g4 K B, (vitamin By,
VB)(Zl ¥ =98%, VY= Hik il 254 RA R, JoKEE
(4l =99.7%, & MAA KR A BRA A, N
(malondialdehyde, MDA)(No0.201405) ., # % 4k ¥y ;A i
(superoxide dismutase, SOD) (No.201405), — & L&
(NO) (No.201405) . 14 M/ % -6 (interleukin-6, IL-6)
(N0.201405) . MR SRS F -0 (tumor necrosis factor-a,
TNF-a)) (No.201405)i 7 & (B @ UL WA BR A D), 4%
“F xBp65 (nuclear factor kBp65, NF-«Bp65)$i{4(bs-4513R) .
W21t NF-xBp65 (phospho-NF-xBp65, p-NF-xBp635)Hii4k
(bs-0532R). NF-«B Il Al ¥ a (inhibitor of NF-«Ba, 1xBa)
Bk (bs-3133R). W21k IxkBa (phospho-1xBa, p-lkBa)diik
(bs-2316R) . T il B -3- B B I & B (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH)H{{& (bs-0603R) . AR i
A ALY (horseradish peroxidase, HRP)FRic A 4T fa ey
EREEF G (immunoglobulin G, 1gG) (bs-1914R)(4r#r4li, db
5 Bioss A H); 4% F (S Hrat, A6t Bk R AT B
D), EARBROTA, BB A RAEYEAERA
Al); AR (R dh S, BRI A R A IR FD; R
i — % & % BE (polyvinylidene fluoride, PVDF)( 3 [
Millipore 23 /).
12 Szt

60 HAEEEEWI /N, KE 22~25 g, FATIES:
SCXK(#)2011-2013; A4%iE4%: NO.20140315511, WF
KELEYH BRI AR AF . LI h YR
(23+1)°C, MXMLSL: (55+5)%, 12 h IG5 B ik
B POK, A B4 S8 5 RS ST 5250 3h W (5 B R E
FE S PrE AL e, IR KRB TP 2R SR s i
PR G AL LTS 2016131).
1.3 NES5EE

SPH-2102 fHIl 5 724 dv (R P SER R A PR A
Al); 101-1A RUEE E 8 XU T8 (i 0 B Rl = ARk
EI); SW-CJ-ZD RIS i b TAE & (LEEmdsnl s
FR23 F); RT-6000 AR (35 [ Rayto 23 w]); FA25 414159
P AR Fe AR LR 3 A FRA /1), TGL16M &3

B R B DL R PR B ER A BRA FD); AUY-220 Y
T4y 2 —BFRKF(HALGEAR]); Min-P4 (1.0 mm)EH
B IR (3 EA AR A ), SZX16 A=W 8 #48E(H A Olympus 2%
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RM2016 i B ) B AL Pk R X 2R PR 2 7]); MDHG-
9140A JEAE (I E AR ANAR AT PR Al o
14 7 &%
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T A A A B I (potato dextrose agar, PDA)RHATES
FRILEF LR T 0 H 0 D B AR, 25°CHE IR KT IR
KL, BRZKWGR, FH22iEn . S, 2
FRZUR . IO ATE Yent, B 2~4°CORMIRA7 5 o
142 RIRK BRI

250 mL =MAFEMSEA 100mL FOMIAREESRIE, 5 Rz
VRKTH 30 min, FEiRASH. TTREAMHTER 4 KN
0.25 cm® [ PDA RHAT R FH, B TR SR, #5824 h,
BREFRAMER(28+1)°C . 150 v/min 1H IR IR G Fe e G 3
7d, B KB
143 ABIVERELER

FLRE SR ILAAMN 2%E AR . 0.1% KHoPO,, 0.1%
MgSO,4(pH B#R), LIF 22T (70°CHET 24 h AR 22T EhRifE,
TR, BEATRRIAES . 3% H0E . 3%REHE .
3%EARMY . 3%FUBE R 3% S ATIRUA R BEI L o

FEREBEFRIL M N 3% HEHE . 0.1% KH,PO,. 0.1%
MgSO4 (pH H#R), LA Z T EH 4845, FHRAR AR (E
. 2%E AN 2%BER . 4% 5000 . 2% R . 4%
FZFBRTT T 2% R 48 )W WA R TR P S

FEMNBER IR IS 3% 0 . 2% BEEERY (pH H 4K), LA
W22 TH TR, HZRARMEITEE A 0.1% KH,PO,.
0.1% MgSOy. 0.1% KH,PO4+0.1% MgSO,. 0.1% CaO %
0.02% VB ) XHR A& B2 R
144 KB T 250 IE SRR

FERRTR . ZUE KA 0 R BN R A AR A R Sk |,
KA Lo3)IELRKE LR, IEZ T | bR, 2%
FERRIE NN (4) . RIEEIRB) . #MUE CZ g (o)Xt
WA Z BRI R, K 1 s,

F1 LB)ERRITERKFER
Table 1 Lo(3% orthogonal design factor level table

K akd
A B c
1 2%HERE  1%EERERY  0.1% KH,PO,+0.1% MgSO,
2 %M 2%BERERY  0.15% KH,PO4+0.15% MgSO,
3 A% 3%BEEEE 0.2% KH,PO,+0.2% MgSO,
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WAL, BT B ERARE RS, #E 24 h, BER
ZAFH(28+1)°C 150 r/min fEIRHRZ G IR 4 3% 74, W
EWLTE, W T2ZRE 6 17,

146 #5400

P S B 22 0F, TR 105°CHET, ek, K
i ChEZL) DR AR 6 g i, MIERRE
TRAE, LB AREm, ANREERGIE LY 9.1, 1E# AR
2 60 kg 11, 60 HAEFREL W/, BEHLAM AL 6 41: 25 4l (4
PERKHER) . BRI BHTEZS41(0.50 g/kg BLEHIMEHE'S) |
P T B 22 R R (1.00 g/kg) . IR (0.75 glkg) |
FIEEL10.50 ghke), #3410 Ho FHTELGL KM 224 (= H
ZH A RIZ R 25 TS AR TR KOME B IRFE 14 d, BEK 1R,
5515 dHER T 1 h XA LIRS T LR E A, L) 0.2 mL JEAK
CEEHER, SOHSTHFEAIEK, B 1 h SR
5, BU/IN R TR 23 B85 0 3 e P A 5 AR
1.4.7  BEIR S F B kAl ) &84T AL

AR S d B A5 43000 5 1 i & B 414 SOD .
MDA | IL-6 Jz TNF-o {54k, [RIBR I M3 h NO & 5,
148 HE #&4AFEFHLREF LT

YIE—/Ni o B, 4% M2 RPREREE, WA
I, VIR, HE e, St B fUss T g B 20 20 2ol
AR VARNEE R AMMAA TR . IR, RiEEAEA T
I, FEETRATOFML . K 540 A S HE AR, W
1% R B E 3T (1~4 41), TR 0 45, THEET,
3 e o A ™ B
1.4.9 Western Blotting 4] § 2040 %& & & &

HHAAE FIKARBRBERBY D&, &
28+ 0 S R £ SR DU A TR e B e HL UK (sodium. dodecyl
sulfate polyacrylamide gel electrophoresis, SDS-PAGE)J:#%
E1 % PVDF i I 5%BAEYIM 2R E A 2 h, EP3k T —Hi
(Hifk GAPDH. #ilk p-NF-«Bp65. $ifk NF-«xBp65. il
p-IkBa. Uik kBa) 4°C IEE &K, IKEEWRE, EiRES
HRP A PR M E5E 2 h, BEmAE 22 R ik &
W, KBRS A Tmage T M E SE® M, DIiFR
p-NF-xBp65 ., NF-xBp65. p-IxBa . IxkBa 5%} . GAPDH i
R AE!

1.5 HIELLIE

KM SPSS21 MEATHEAE T . S5 AR
FIR, P<0.05 RREFHARITEE L, P<0.01 FRES
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2 HER5HH
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FEIGEM . FORTT o W M TER, [RIARJE TR
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X REREARR I A D, X P S B AR I N o T
. RIAINE . FUAESEVE N IR IR 095 Th B TR 22 7 A
FIREIRE /N, A8 55 22 PR i S, A A 1 8%
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HIE 3C AT, KHoPO4, MgSOy S i T 20k 1 8%
2277 A I KT CaO Al VB, HEMIBETE |
BICE | BEICER MBI FE N 185 ThBl R 22 4E K HAT BT
BRIP4 A R G R KH,PO,+MgSO, X 1 2277 A (1Y
PEHEVE R F kit oo R, T e B PR A K
R EEME TR MRS B, e r RN
TN FRA R, AT B 22 A K AR AR i AR
JCER, WIS R B 22 (WA, AR T 22 KT
BE R W 5T 1 B B B AR OC R, WS AT 22 A N
DNA 5 RNA S, RiFWZERKER, SEMILE
TR 2R IR =B IR S A i, R AR L Rk F
AR Rk, RO e 20 8 S h T 22 i AR L
AELFRRCR . 25 1, %48 KH,PO+MgSO,E N ME TR
HATIEAS IR
212 EXRFEHRLER

IEAT S 45 AR 2 F15E 3 FiR . 7 2204 1 R
P BBy £ BN PR 22 T E A 3 MR (P<0.05), KK
WK NA: FEEER > TSR e R, 456 BT, e
AERBE TN BoArCy 58 BoA,Cs, TR ITTE 22081
S5 ER AN HLA R, W PR AR R, e
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Fig.2 Results of the single factor experiment (n=3)

*2 BHOIHLABIZERIHLER
Table 2 Results of orthogonal experiment of the fermentation
process of Lycoperdon mammaeforme Pers

iz A B c W22 T /g
1 1 1 1 0.4108
2 1 2 2 0.6983
3 1 3 3 0.5119
4 2 1 2 0.4838
5 2 2 3 0.7266
6 2 3 1 0.6007
7 3 1 3 0.5269
8 3 2 1 0.6994
9 3 3 2 0.5823

P 1 0.540 0.474 0.570
¥ 2 0.604 0.708 0.588
YA 3 0.603 0.565 0.588
W22 0.064 0.234 0.018

®3 BYMIHREBIZHENM

Table 3 Variance analysis of the fermentation process of the
Lycoperdon mammaeforme Pers

H#E Wze M ARE F B E
HEbE 0.008 2 2.667
P Bl A 0.084 2 28.000 *
KH,PO,+MgSO, 0.001 2 0.333
2 0.00 2
T Fo.s(2,2)=19.000; *fCRGA T2 Lo

KH,PO,. TEUL &M T AT K BE, 6 dlM22 T HF-I{E N
0.7411 g/100 mL, AHXARIEMZE R 0.03%, HIAZ & EET
[A] JB 2 Y B B Eh i [Mycenastrum corium (Guers.) Desv.]7E
100 mL ARG FRIAEE L 4 B 0.25 cm® () PDA 4} i #
HEAT 7 d BRI AR M B 22 5 1(0.725 o)), il AT IR,
PEAF T IR BE L 2R AT AT

22 NRUERMBRBNERIPIERER
221 S RbFFFHLEAFEELER

H R 4~5 WA, S AU, AR YE M S 44
i MDA, IL-6. TNF-a &8T5 (P<0.01), SOD K&
M5 H NO &7 BEAIRP<0.01), Hu R i K& H 414
HRAR RS SO R TR I, DR AR o 2028
ZHAH L, BHPEZG AL S Wiz /D BULTE & 5 41414 MDA \IL-6
TNF-o 758 B E FEAR(P<0.01), SOD M L7 o NO & & B 3
B (P<0.01), BEHHBHMEZY BAT RAF M REARA L A 2 &
T KB SORE R TR RE ST, YRR T o B I RA
SPEH . SREEIAAHL, ATt it. . SREd
YIRE R PGS W5/ BULTE & B A4 MDA, IL-6.
TNF-a & (P<0.05. P<0.01), &35 K& B 44
SOD K IfiLi# NO &£ (P<0.01), HEMAHF 5 7] & 75 B P4 1)
P i T 5 TR 24 [R) A HL AT 3 o BRI ARk B b 3k R R E R
R H B/ RRe 1. OB DN T4 8
TR AR RCR AR, BN ERES 2, BA
B RFBARGER A, R 22 &R A e m i SOD &
RIS K B AL IL-6 S5 M2y 4 HoA MR
3 SO I Vi R =Sy v 6 1 5 2
1 Bk T ) A 22 W 3@ ok B b AR AR RE T, BRAIR B A R
iE R T 4R F A v o RS 2 T s By 4
ZUR R R E
222 PREBFALBREFEN

S B AR S R UL 3, 25 X 4L/ B B
R LR, BRIRHESBEST, BRI )RR
W, Ha At SRS, B ARSI R B
MR, AT WERAr BRI L R A 7 3 vk, kIR B A
WL ATk, BAAREBAMEY ki, Rk, o
PR, BERPEIRAE, RUEANMN 2 (Ra k), Sy
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Table 4 Content of each index in serum (n=10)

4 5] #i/(g/kg)  SOD/(umol/gprot) ~ MDA/(nmol/mL) NO/(pg/mL) IL-6/(pg/mL) TNF-a/(pg/mL)
Sk - 61.96+1.83 8.77+0.32 66.13+9.57 89.69+7.61 75.52+4.78
ETRIZH - 31.42+1.02% 17.28+0.56" 36.12+5.82% 126.29+13.67% 114.85+7.19*

PR 24520 0.50 59.64+1.23" 10.32+0.88" 61.29+10.13" 96.99+10.08" 78.41+7.73"
P 22550 2 0.50 49.02+1.86™ 13.01+0.49" 40.51+4.77" 116.64+11.66™ 94.89+2.98"
[EsEahiilheci| 0.75 49.91+1.34™ 13.26+0.51" 43.55+6.13" 107.98+9.57" 93.81+1.67"
T 22 75 57 e 1.00 56.75+1.04™ 11.58+0.50" 47.58+5.93" 101.96+10.57" 91.85+3.23"

s -FR O 528 (2 AR YP<0.05, 7P<0.01; SEIRIZH 4L "P<0.05, TP<0.01, A,

#5 BHEABKEFRSEM=10)
Table 5 Content of each index in gastric tissue (N=10)

2051 Fl i/ (g/kg) SOD/(umol/L) MDA/(nmol/gprot) IL-6/(pg/mL) TNF-a/(pg/mL)
sk - 412.34+5.16 5.64+1.59 89.69+7.61 75.52+4.78
R - 279.79+62.94* 11.95+3.53% 126.29+13.67" 114.85+7.19"

PR 24520 0.5 386.17+50.52™" 6.43+1.66" 96.99+10.08" 78.41+7.73"
P22 IG5 =2 0.5 3257 8.19+1.23" 116.64+11.66™ 94.89+2.98"
[EspAa il 0.75 330.81+7" 8.05+1.35" 107.98+9.57" 93.81+1.67"
22 = 2 1.0 333.53+6" 6.49+1.69" 101.96+10.57" 91.85+3.23"

B 22 i

24 Gt i PR
B3 SR ERAEAEAE(200%)

Fig.3 Histopathological changes of stomach (200x)
AL, BHVEZGAL | T 22 AR i 2 R A M B W] b, T
2273 R 2H R A L R, R P 4 M R T A D
Ay SRPEZSAIMILL, B 22 R LS v ) B AR
[RIBAPE 2 —FF, BERT A 8% B R R B AR fR 7 18 26
B IRE . A5 R, 8% 2h B 22 XHEDR 7 B 500 B4

1 HSHA I RIBEEER.
223 JRAFAKFRET

ME 4 /A, S5 AdMit, #RgE a8
p-NF-xBp65 . p-IxBa & /K- B TR (P<0.01), NF-xBp65 .
IkBa #E UKV R E F#fIR(P<0.01), NF-xB SAEIE 45 2
RERE PO OGS, RSB, SR A L, FHME
2420 B 204U P p-NF-xBp65 | p-1xBa & [ /K T AL (P<0.01),
NF-«Bp65. IkBo & HAKCE I (P<0.01), W] BAYEZ 4 B
A RUF AR A AE (AR, SRS LG, 1% o e 22
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