2026, 66(7): 3425-3437 G =i
CSTR: 32112.14.j.,AMS.20260083 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20260083 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

Bl ECZLFFE CCFM1526 RS sh e R B4 (L H
Z RISt ERR S ESHHE IR E XALE

SRR, EH, BAAK, REH, KUEF, ERE

TR, B Rh SPHzE a EE AR E, 1198 L

R, 2%, Bk, BOEEHT, SRRKE, M. EIAR FCFLAT 7 CCEML526 fie i Uk i A IR L AH 328 i1 T R R 1 255 5 ol
245 RAILHI[T]. TECERIA4R, 2026, 66(7): 3425-3437.

CHEN Xingru, TANG Xin, MAO Bingyong, ZHAO Jianxin, ZHANG Qiuxiang, CUI Shumao. Lactobacillus paragasseri CCFM1526
promotes the fermentative biotransformation of cyanocobalamin against chronic sleep deprivation-induced nerve injury via the
corresponding mechanism[J]. Acta Microbiologica Sinica, 2026, 66(7): 3425-3437.

# FE: [8 %] 54 (cyanocobalamin, CN-Cbl) & 414 2 B 3 45 f (adenosylcobalamin, Ado-Cbl)
T 48 K AFAY ZARPAE R, A2 4212 M B K 3] 4 (chronic sleep deprivation, CSD) %4k A& T R 451 £ %
M. ABFR G 7H ikt 689 &5 2451 CN-Cbl 4 Ado-Cbl, FF#F &R E 2R E®, [F
%1 18 A RURAR &35 (UPLC) i it 3R A7 4% CN-CbI 4448 4 Ado-Cbl 49 # #& A& K IAFE
CCEM1526; # CSD /) SA2R, XA #H MR8 5] 5 3 A= Morris /KX g FZ IR0 R b9 A 5T
b, BITMRREZIEAEDL DG RAFZE LM, WAL P %A F By, (vitamin By, VB1) 2,
F+42 M ERK/mTOR 13 5 i@ 3 B AR X AY 2 & @ 69 KL, VOt A BRGw ARG . [£XR] 5
¥ 454N CN-Cbl AR, CCFMI1526 X BAR R F R T N R ehikktt /), REBT HD DG R4
LMY . RBRTFTHEDZFIE, hF P EELE Brad e AR 102%. 16.3%
F2 29.0% (P<0.05), JF## 7 ERK/mTOR 15 5@ 3%, M MMEES. RBEHEEA 95. Bk
MAR 2B REF ARG A KR F 643033 h 21.5%. 52.4%. 17.3% F= 19.7% (P<0.05). [%
# 1 2 # K FUAFH CCFM1526 i it & B2 4% CN-Cbl 441% A Ado-Cbl, it il it 7% ERK/mTOR 13
Tk, LEAMZERSMBSIAXETONERE, NREM CSD FF4h 28515 .

LA A KILATEH CCEMI526; #4tRe; M4t fe; A4 415 ; ERK/mTOR 13 5 i@ 7%

THNIUH : VL5486 i %2 4 5 a2 ) o 17 €% 0 BUH

This work was supported by the Collaborative Innovation Center of Food Safety and Quality Control in Jiangsu Province.
*Corresponding author. E-mail: cuishumao@jiangnan.edu.cn

Received: 2026-01-28; Accepted: 2026-02-27; Published online: 2026-03-23



3426 CHEN Xingru et al. | Acta Microbiologica Sinica, 2026, 66(7)

Lactobacillus paragasseri CCFM1526 promotes the fermentative
biotransformation of cyanocobalamin against chronic sleep
deprivation-induced nerve injury via the corresponding
mechanism

CHEN Xingru, TANG Xin, MAO Bingyong, ZHAO Jianxin, ZHANG Qiuxiang, CUI Shumao’

State Key Laboratory of Food Science and Resources, Jiangnan University, Wuxi, Jiangsu, China

Abstract: [Objective] Cyanocobalamin (CN-CbI) requires to be converted into adenosylcobalamin
(Ado-Cbl) to exert neuroprotective effects, yet its conversion efficiency is impaired under
conditions such as chronic sleep deprivation (CSD). This study aimed to obtain a bacterial strain
with high efficiency in converting CN-CbI to Ado-Cbl that could enhance neuroprotective effects.
[Methods] Lactobacillus paragasseri CCFM1526, a strain capable of converting CN-CbI to
Ado-Cbl, was isolated vie UPLC. A mouse model of CSD was established, and the cognitive
functions of mice were evaluated by the novel object recognition and Morris water maze tests. The
neuronal structure in the hippocampal dentate gyrus (DG) region was observed via histological
staining. Tissue vitamin B, levels were measured, and the ERK/mTOR signaling pathway along
with related neural protein expression was analyzed to assess the neuroprotective mechanism of the
fermentation broth. [Results] Compared with CN-Cbl supplementation alone, the fermentation
broth of L. paragasseri CCFM1526 significantly improved the cognitive function and alleviated
the structural damage in the hippocampal DG region of CSD mice. Intervention with the
fermentation broth increased the total vitamin Bj, content in the liver, serum, and brain by 10.2%,
16.3%, and 29.0%, respectively (P<0.05). Meanwhile, it activated the ERK/mTOR signaling
pathway, leading to increases of 21.5%, 52.4%, 17.3%, and 19.7% in the content of myelin basic
protein, postsynaptic density protein 95, brain-derived neurotrophic factor, and nerve growth factor,
respectively (P<0.05). [Conclusion] L. paragasseri CCFM1526 converts CN-Cbl into Ado-Cbl
through fermentation, subsequently activating the ERK/mTOR signaling pathway and upregulating
the expression of neurotrophic and myelin repair-related proteins, thereby alleviating CSD-induced
nerve injury.

Keywords: Lactobacillus paragasseri CCFM1526; cyanocobalamin; adenosylcobalamin; nerve
injury; ERK/mTOR signaling pathway

442 Byo (vitamin Bo, VB R4 RFAIZE R
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ATERIOVER . BT 2 VB AbFE CSTBL/GT /) U M 22 45 (B0, 3R 4 LL 4%

22 R A2 v B kR 1Y UL % (cyanocobalamin,
CN-Cbl), HRFEAR N 2 L A B 5 b AR
Ado-Cbl A Re L HAYEE, R R & K
T 4 9 i AR S R AR S SR
FEM RN . R B TR SRS T,
LRI RE 2 2 B, FHOCEEIE M TR, &
X CN-CbI [1] Ado-CbI R ALRR B E AR, M
= BRI 7 S PR R OR S e
Mk CN-CbI BRI, $Em e 2 R4
i) Ado-Cbl A=W R EE , X FF & 51 5% i 42 4
Gt B T B A EEE L,

HHENRAFEWETARE . 5 EET
Ado-CbI AHLEL, FET 25 4= T IR % AL SR me AT R P it
HREE H Al AT VB, BB . W18 26 42 i Al
i LA 1l R SR — 2 Db e
BRI E 380 (NSRS . By 2SR
RV S AP TER /N T R, N
15 FEAYAHIRES, XK, R A
BEXT CN-Cbl # A7 K efAk, snl Sead iR i1k
AR AT, TR CN-CbI (2 W) F i i
(o 3 26 O s . SR, H AT O T HA m AL
CN-Cbl ¥4k 1 1 ) 25 A R 07 356 B2 FLAE AR Y Db
[} CN-Cbl & R4 VE F I R Ge e 4T3
RERZ

12 P [ A% 3] 2% (chronic sleep deprivation,
CSD)j&— Ml FHEOT A 245140 . IAHI D RE
R K AE AT R S0 I 2 SRR R . BIFGE R
CSD A 3 B i H 55 JC S i X ph 28 e Lok AR Ty fig
BEfs . AN SRR A e A, TP R
Ado-Cbl ¥4k, [R5 RMZRAE . BElH 5P
55 2 flt o BR 1R R B AR — AR G AR AR
I, CSD BRI AERIAR P CN-CbI 4% 1baz FR 1Y
T, PEAR SRR B IR Ado-Cbl A i 22
PR RE AL T BRAR ORISR

A5 30 1 S RO AR B T e, RS T
—FRAERF CN-CbI ¥4k} Ado-Cbl A2 4= ——
Bk IS FLAT B CCEM1526, i 3 CSD 75 5 1

CCFM1526 % [#% CN-Cbl 5 841 % 35 CN-Cbl %}
INBONFITNEE . IZHZSURFE . VB, 40 LA S A
KA EFMEEHBERE RARBENEm, IR
ARV AEVE AL . ASBHE 9T B 76 I B 25 4=
B A S AL CN-CbI 7E R it it e
BL, NI R BE T 5 A R 5 i B IR I RIE
AP E D) RE & S PR LRSS0 HF

1 AR5

1.1 ##8

1.1.1  EHRFKIR

RIS FCFLAT B CCEMI526 H VT g R 2 i
T34 W i A AR 3K 0 (Culture Collection of Food
Microorganisms, CCFM)$24it
112 FERAFIFILEE

MRS $iF5dk, 7 B A ARG R A
FRG N, BT R T AR B AT BR A F
JRAF £ e, Sigma-Aldrich Co. LLC A #]; /MR
VBiy. Zfih )5 % B 8 11-95 (postsynaptic density
protein-95, PSD-95) ., i #5584 & 1 (myelin basic
protein, MBP), i I ¥4 #f 28 5 F% A ¥ (brain-
derived neurotrophic factor, BDNF), #fl £ /4f: K
“F (nerve growth factor, NGF)Ill /& ik #] &, [
B A= IR A R s BCA R vk B I 3
Ma, Bl REVEARBGARAF.,

Z YRR, IR WO B A AR s
FRAW]; RO RS . BB, FEEG
IRBHE AL EEE O, SOREPEABRA
H EEEASWHEL, TR 2 AR
AT BRA ;s PR B F 494542, 3DHISTECH
YN
1.2 AEEEF

W Rl A% S FLAF B CCFMI1526 ¥ A7 B F 7E
MRS A RN, F 37 °CHAFM T HIER SR
48 ho PRICHA G K HEFN T 5 mL /9 MRS W 145
FRFed, 37°C, 200 t/min #5537 16-18 h, #HE
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ZERAE 3-4 K, HlASA IR T
1.3 SR ABRL

CN-CbI k& Beh: 7 3 (g/L): FAi K 0.5, B%
FHZ M 5.0, # A 10.0, FrEERE 2.0,
MaigoKiRe, ¥ pH % 6.0-62, T 115°C
KB 20 min,

W LRI RT3 5% BEE R i 2 ol
% CN-Cbl & PFsE A, 37 °C. 200 r/min %
F% 48 ho KIESE IS K AR 12 000 r/min 2.0
20 min, WO LW, H 0.22 pm K Rt g #sat
e, BT 4°CHH.

& Ffic £ Phenomenex C18 (4.6 mmx250 mm,
5 pm) (5 SRR A R G T T, TEh
HA R 01% HIERMI/KEW, Wt B AL
o HER 35 °C, FESMEIRRE 4°C, PHRAARL 2 WL,
% CN-CbI 5 Ado-CbI AR & B 45 B8 1t ] B
XFHEATEPE L ISR FH (0 TR - I B2 A o ot 28) %o
KR Ado-Cbl & bt 12 Al
1.4 EISLI T ARSIl &
1.41 CCFM1526 SEHE&

# CCFM1526 BT 4 °C. 6 000 r/min
0 5 min WHERA, HIJCH PBS (pH 7.4) %5 i
2K, B CN-Cbl il EH R Ik 22k B R
1x10° CFU/mL, T B Hifr et il & .
1.42 CCFM1526 % & CN-Cbl & T3

¥ CCFM1526 Flt 1 LUK TR 5380 5% 1) 4%
Ff it 4200 2 CN-Cbl A e is R AL (1n] 1.3 ),

®1 HYLRHR

NN
=]

37 °C. 200 r/min }537 48 h, K B 20 X
(4°C, 1.2x10° Pa, fFH 3 )5, Wi TS
FNFETH . HE B A K B IR B TR
1.5 zh4stie

42 H 8 M C5TBL/6T /INEUI [ it DL AR
AL EFARA R, FFR TR R
SEEG L SPF 90 B A SR (L EE 20-26 °C, #H
XRIE 40%-60%). AT A Sh) S8 50 3R A5 T
R RFLW P e 2 S, 4’5~ No.
20250415¢1800609[177], ifi i 1 Ji )&, FEHL5>
RTH, e H/AR, Ak A
(Control #H). #& &I £ (Model #). CN-CbI £ .
BHAEXT B2 (Positive ). 1526 1 E41(H-1526).
1526 7 # +CN-CbI 2H (H-1526+Cbl), 1526 Kk ¥
ZH(F-1526), EAARI 2 KT i W2 1,

FKH MR ZF 6K 5k #r CSD &
AUUOT BB Control 2H 40 /)N BB T i FIR 541 25
i, B H TG 4R, % 2L 35 AR
18 h (15:00 =K H 9:00), F:FF4E 3 J& . Control
HETRFEE AHALEmAT, EFKERK
SR, TSI /N L 0.2 mL/d A7) &
HEBAY,
1.6 {TAFXLR

TR AR RN 2F BT HUR 2 15 RIFARAT g sE
5, A B W K IR B SE 5 (novel object
recognition test, NOR) 1 Morris 7K £ & 5L 5
(Morris water maze test, MWM),

NOR L5 52T WAk . YIZRAIEL 3 By

Table 1 Animal experiment design

Group Treatment

Control Physiological saline

Model CSD+Physiological saline

CN-CbI CSD+70 pg/(kg-d) CN-CbI

Positive CSD+70 pg/(kg-d) Me-Cbl

H-1526 CSD+1x10° CFU live CCFM1526

H-1526+CN-Cbl CSD+70 pg/(kg-d) CN-CbI+1x10° CFU live CCFM1526
F-1526 CSD+Fermentation broth [70 pg/(kg-d) CN-CbI]
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B MR B, il sk/NEUE 6 min NERR BT
PR B 8] (time of new object, TN) 5 IH 4 1A B [1]
(time of familiar object, TF), Jf4%/A3(1). (2)47
ST 5A B 50 45 £ (discrimination index, DI)F1IA 1
+8 % (recognition index, RI).
DI=(TN-TF)/(TN+TF) (1)
RI=TN/(TN+TF) @)
MWM 54345 4 d B9E AT ISR 1 d
(23 TR R MR, YIZR M Ta] 3 s/ Dy BLAR 3 B
JCF- 15 AR AR, D3 ) e T SRR
S/NRUE 60 s NGB 407 B IR
L7 FEmRE
1o as s, SRR/ RN . 2K
IR 2, FR3 Biki 21 2305 e 20 21 20 M R
HIF AT T80 °C; HHUGRINALET 4% £
RPEEPEE, HTRE .
1.8 BXZHERY) /RS & RRIEN 22
WG LH AR 4% 1) 2 5 WS
[E5E 48 h 7, ZAERITRLE R AW RHA BR 2
Al AT AR U SRR - G
(hematoxylin-eosin, HE), #& J5#E17 A s Hi U]
. WS S R 1 L
1.9 A {LIsFRE
fdi ] ELISA 3200 @A /)y BUFFIE . 1l v A
IR VB, S8 &S MBP, PSD-95,
BDNF. NGF. % 1k 4i ffs 48 1% 5 8 19 3 i
(phosphorylated  extracellular  signal-regulated
kinase, p-ERK) . 2 fb. 0 3L 20 ) 75 A 2 2= L 2R
H  (phosphorylated target  of
rapamycin, p-mTOR) Y & & . & FIMRE BIIE S
M BCA 5 VR 0 & i I kAT
1.10 HIEAES S
fr 15 % 95 {8 GraphPad Prism 10.0 %4 it
3 o3 B, R IR0 A1 09 52 56 B0 s AT ¢ AT
(¢ test) M A [R 28 77 2253 M1 (one-way ANOVA),
A 225, B LB {EAAR I 22 (mean+SD)
FIR(n=6). P<0.05 WHHAGIERL . *Fons

mammalian

Model ¢H# 172 5 MR L, #3885 CN-Cbl
I T 22 TR He s

2 ZXR53b

2.1 EIREKIAFE CCFMI1526 % B2 4%
L E SR AR EEh AR

CN-CbI [1] Ado-Cbl (4L IE H¥ J 2 2k
GG . MRS IR R . R T TR
CN-Cbl % 46 F2 56 e, % ok B2 AR it FAD #11
NADPH fE R F; W5, AR BRI R RG
(CobA) A JR 11 5L 6 45 A= il 5 A= W3 14 1Y
Ado-CbI'"l, 4 1 fIioR, FEREFIERRA) CN-
CbI 533k, {UAEZ) 5.40 min 404G %] CN-
Cbl FUFREIE . 24 CCFM1526 kX% 48 h i, 1F
29 5.71 min b H B0 — B0 0 i 04, AR B
[8] 4223 Ado-Cbl brifE §(5.82 min), i TE K
PR 5 T 174) 56 U 0007 A B0 1 0 R AR £ B e i)
KR BRI RS B R m A L S b
Koo BRI, ANAKEEAR B B )00 A 7 58 PEAFE— B
JARR, R AHESE R LC-MS/MS $ AR, i i
FEXT AR F, B NzE TR S Ado-
Cbl, HHKFIEEHEE 14 £ ScienceDB ¥ J%
(http://www. scidb. cn), CSTR %i 5 & 31253.11.
sciencedb. j00231.00042, - & & 43 #F W w
CCFM1526 K EETHFE T 29 27.1% F¥) CN-CbI, Jf
HE 2 52.1 pg/mL ) Ado-Cbl (3 2).

Jy E— AR 9T CCFM1526 4k CN-CbI f)
A1, X} CCFM1526 4 3L AT T 4081, B
B B A — > G b R 2 R % B8 il (corrinoid
adenosyltransferase) ¥ 3& K (yvgk), HgmthdE A5
CobA F ik R, BLASTp L XF 45 R,
ZE A5 R I JCM 5343 1) CobA Bf
i B AR, R SR 7 DT AR AL 2D SR Y CobA
[RIYREE 1 (454 31253.11.sciencedb,j00231.00042) .
AN, FEFH P AE LAY VB, §5i8 ATP 45
HHE AN BuD FITEIEH , R RS shi
HUNEPE CN-CbI AYRE U R FLFT B i R
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Figure 1

EltE K EFE CCFM1526 % F#4% 1L CN-Cbl UPLCEE
UPLC analysis of CN-Cbl fermentation conversion by Lactobacillus paragasseri CCFM1526. Slight

retention time shift due to matrix complexity; The peak was confirmed as Ado-Cbl by LC-MS/MS.

#*2 CCFM1526 X E#CN-CbIRELE R

Table 2 Test results of CN-Cbl fermentation by

CCFM1526

Items Parameter ~ Parameter
atOh at48 h

CN-Cbl concentration/(ug/mL)  500.0 364.3

Ado-CblI concentration/(pig/mL) 0.0 52.1

CN-Cbl conversion/% - 27.1

RIS PR I 2 8 ), {H CCFMI1526 & A
B G S A e W R A R AR TR
A OCIED AT AR o PR A R T 2 5 T
TR (4 5 o8 31253.11. sciencedb.j00231.00042).,
RIt, CCFM1526 Al figid i BtuD [A] 58 4
AR CN-CbI, 28 230 i i 45 A5 10 i 5
AL MRS G, B CobA [RIVRZEE (LA L
Ado-Cbl, ZHLH 5 LB R —2, IESCRI R
FF# CCFM1526 A CN-CbI %4k} Ado-Cbl,
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2.2 CCFMI1526 % B & fz 3T AR R 5
INRREE ] AN FOBE B9 E2 00

ARG LA PR L8 FH 0 28 SR A ) ——
P 4t 1 g B A 6 B DL DA AR k3 070, g
W R A BB RE A ik Ase, £/
INFIRE T IE 5, JEXTH AR PR R BRI TH P
UNGER P i O s SR NTUEAS SRS
S8 NOR 525625 B 4n&l 2A, 2B, 2D fiR,
FH#E T Control £, Model 4H /) B BT IR (1R
KA B b, HERIFE A (DD 0.14 FREE
-0.56, INFIHEERD M 0.53 FFEE 024 (P<
0.001), FRH] CSD RLII15 1 /N B P iR 1 5]
012, SUARLE, Positive ZH /Y DI A1 RI 4351 K
—0.08 F1 0.46 (P<0.01). #h7e K %% CN-Cbl f5,
DI A1 RI 3% T+ % -0.34 1 0.31 (P<0.05), £
8 Model 414 Freki, HBRAFR. CCFM1526
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Figure 2  Effects of different intragastric treatments on the behaviors of chronic sleep-deprived mice. A: NOR

discrimination index; B: NOR recognition index; C: Number of platform crossings in the MWM; D: NOR
trajectory map; E: MWM trajectory map. H-1526: Live 1526 group; H-1526+CN-Cbl: Live 1526+CN-Cbl group;
F-1526: 1526 fermentation broth. * P<0.05, ** P<0.01, *** P<0.001, **** P<(0.000 1 vs. the Model group; * p<

0.05, ™ P<0.01, ™ P<0.001 vs. the CN-CbI group.

T B 1 5 CN-CbI Pp[R] Fi48 ok a2 3
XF/INEIAHIBE ) 1 0 35 52 0 o (6 e A S 5+ 1
0, CCFMI1526 & % CN-Cbl + F sk R fe 4,
&8 CN-CbI 2H, H DI I RI Zr 93254 71.1% Fi
49.3% (P<0.05), K& ZE4%IT Positive ZH7KF-.
TEVEAL 25 0] 24 2] 5242 1 MWM 256
IEH/ANRH T TAECIC5E T, fedERic i )5
HRME, AR gt R
WK 2C. 2E fifx, Model #H/)N B 25 HOF 6 8L
% Control 4112 F Wk /> T 46.7% (P<0.01), &/~
25 [ACIZZ . 5 NOR 455 —%, CCFM1526
T B B T I8 EE 5 CN-Cbl & BRiRA TR A

=/
Al

AR THINEGCAZ . CCFM1526 &% CN-CbI T
DA /)N B 28 8O 5 B CN-Cbl 042 7 T
94.1% (P<0.05). PHIIAT Ay 2F kg SR AL [ B
2 CCFM1526 & P 4 # 5 ) CN-CbI, £ 235

CSD i NI RERL AT 5 1T, SR BHT
AR CN-Cbl,  HL il PR BH A 2454 b g

AT TR o
2.3 CCFM1526 & B & & B2 Xt AR R
1)\ BRI 2B 2R R IR S RO 2 M

0 A R 1) 35 AT 75 | P X A 28 R G 6 A
oAy Hor g B gtk ] X (dentate gyrus, DG)fE
N 2RO B XK, 2 52 g S L
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AR, Hoh 2 e 25 B 52 i IR sl Ok 2 it
Kl 3A. 3B fiizn, Control 20/ D DG X
UM HES B 55, AN S5 M, A e
BRAR XA /N5 T Model 2H /)N B 25 41 it 41 Bk
BLEAHLI, #reonEds, R GamE, i
Kaite, iR CSD IhiAE S 7l S 8U0E
B . & TR —E B R
YEFI (1 3C-3G): CN-CbI F1H 4l e+ 10 25 45
S EASTVR = A A Ll [ S LT A
CCFM1526 {if B B 390 %) 40 3 s R e s, H
5 CN-Cbl A T IR R I L CN-Cbl 4. He
H, 28 CCFM1526 KBl Ty /R, Hifg
DG X # 2 e HES B Ry B, 140 30 5 W dd vl
b, RBIE YR E BT Control ZH/KF-.

DI EHAUE A4S RAESE, CCFMI526 &
f#% CN-Cbl 1£ %% CSD i 8 & DG X 1) #h £
JCEE 7 T A — e EH, AR ROR I
TR KB CN-Cbl R HAAER . 284S

H-1526

B3 JNREIDGXHERGLER

H-1526+CN-Cbl

FEHTRIFGE — B, Q=R R M A g S ]
TR B M 2 P 0T iy A i J22 i 1 X
ZoCI P, MR — A EDUE T I AR R 2 X6 AR
26 R G SR BT T (L
2.4 CCFMI1526 % B & xR A A
VB, =150

SRR Y K T b F T CN-CbI 44 P 48 35 1 5%
Wi, ASHIFFE RN T 7E 55 B CN-Cbl $E A T 441/
SRR . I35 B 41200 B VB, S

K 4 fros, EAZANE CN-CbI 5 H 4 e
A4 N BRI VB KOF (B Al b 3R
CCFM1526 3 B JCiE A B3 FH/ N EIR Y VB &%
. S5 HEEEANE CN-Cbl M, #h9E CCEM1526
R (F-1526 2H)RE 0 E He /N ROCHEZH 2 iy
BVB K, Hig, JFREF R VB, S EET T
10.2% (P<0.05), Iiig et T 16.3% (P<0.05),
MR AR PE T ol 3, I8 E] 29.0% (P<0.05).

Figure 3 HE staining of hippocampal DG region in mice. H-1526: Live 1526 group; H-1526+CN-Cbl: Live
1526+CN-Cbl group; F-1526: 1526 fermentation broth. Green arrows: Normal neurons; Yellow arrows: Damaged

neurons. Scale bar=200 pm.

P4 actamicro@im.ac.cn, & 010-64807516



WRELEN S | WUEPIER, 2026, 66(7) 3433
q 7~~~
=4 = _ = _
E! 1 3 04 ) 13 #
B 3 | g Rt *#i = *%“
= wxk 0D * S 1.0k * ok
P ¥ o 4 =
S 21 £ 02} g
=) +~ —
g g 505}
alr s 0.1t 5
: i E
Lol > ' o 0oLl 2 : @ 00 3
2 S FEF LN T S F T  F S F 5P P
QQ @ C‘J% QO Q»¢ XC‘J% ((/ QO @ C‘)% QO Q»' XC‘J% QI OO @ C‘)% QO ‘8 XC) Qz
& 5 &
. N N
¥ ¥ N

El4 AEESYEXNEARAVB,ZEHFME

Figure 4 Effects of different intragastric treatments on VB, levels in mice. A: VB, content in liver; B: VB,
content in serum; C: VB,, content in brain. H-1526: Live 1526 group; H-1526+CN-Cbl: Live 1526+CN-Cbl
group; F-1526: 1526 fermentation broth. * P<0.05, ** P<0.01, *** P<(0.001, **** P<0.000 1 vs. the Model
group; * P<0.05, " P<0.01, ™ P<0.001 vs. the CN-CbI group.
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Figure 5 Effects of different intragastric treatments on the central nervous system of mice. A: MBP; B: PSD-95;
C: BDNF; D: NGF. H-1526: Live 1526 group; H-1526+CN-Cbl: Live 1526+CN-Cbl group; F-1526: 1526
fermentation broth. * P<0.05, ** P<0.01, *** P<0.001; **** P<0.000 1 vs. the Model group; * P<0.05, " P<

0.01, ™ P<0.001 vs. the CN-CbI group.
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Figure 6 Effects of different intragastric treatments on ERK and mTOR signaling pathways in mouse brain
tissue. A: p-ERK; B: p-mTOR. H-1526: Live 1526 group; H-1526+CN-Cbl: Live 1526+CN-Cbl group; F-1526:

1526 fermentation broth. * P<0.05, ** P<0.01, *** P<(.001, **** P<(0.000 1 vs. the Model group;

" P<0.01, " P<0.001 vs. the CN-CbI group.
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