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B EALZZHRRAPETHRE LR (Tolypocladium sinense fermentation broth, TSFB) #9 £ £ 4X i 4 & H AR I
REMFERZpH T EANEA (H)0,) #FDREDFZLmME (HT22) AR KGR A . K ARZH R EE-R
&3 A 3F TSFB #AT 3k fe Rt B 45475 2 A AL BAL IR IR 7 254 Western Blot 3 R4 TSFB 4 A ALAE ) B3t A8 &
A LEE 1 (SOD1) . BE-F E2 MER-F 2 (Nrf-2) . ALY LEE 2 (SOD2) Aedetr & A A BE-1 (HO-1)
EKENGH M, LR ET: TSFB M 2] 2745 XM Z 4, TZUABRARALES T AVBRRLIfTES. &
MRS AH E, L PATEDRRKGERDRAABRE., WERFHBEABEFA L, RO RANRER A
B TSFB A#iized A A FE, AL amERER AR E R LNETSFB &, SHELLe/E, Mot hEY
JEFRF LA (P<0.001) ; BE @it d 840 %4547 MDA 4%, LDH K-F. 483+ ROS 7&%%&%1‘&4& (P<0.05) ,
FAMAE A #9547 GSH-Px K-FEE S5 (P<0.05) , TSFB & 24545 E 2% % SOD K-F (P<0.01) ; TSFB
& SR ELTHEIHT B FHHe Nrf-2, HO-1 #2 SOD1 & étastk k& (P<0.05) , r%ﬁd"”\*%éﬂmk*%‘i%ﬁ% SOD2

FamdEEE (P<0.001) « AR RLRSHT TSFB L 2RMWAEMMR, BT T HARANEERAKER
RAME

KEER: T BT HE, A&, KA, mIeA T, R, BAL R B

HhE 5% S:R285.5 SCERFRIAAD: A X EHHS:1002-0306(2026)03-0392-11 R
DOI: 10.13386/j.issn1002-0306.202412003 1 A FF: Btiees:

Analysis of Metabolites in Fermentation Broth of Tolypocladium sinense
and Evaluation of Their Antioxidant Activity

BIAN Cong, ZHANG Chang, LU Deshuang, HU Yue, LI Chaojun’, LI Lin"

(Department of Medical Technology, Qigihar Medical University, Qigihar 161006, China)

Abstract: This study aimed to investigate the major metabolites of Tolypocladium sinense fermentation broth (TSFB) and
evaluate its in vitro antioxidant activity, as well as its ability to alleviate hydrogen peroxide (H,0,)-induced oxidative stress
in mouse hippocampal neuronal cells (HT22). Ultra-high performance liquid chromatography-mass spectrometry (UHPLC-
MS) was employed for untargeted metabolomic analysis of TSFB. An antioxidant evaluation system combined with
Western blotting was used to assess the antioxidant effects of TSFB and its influence on the expression levels of superoxide
dismutase 1 (SODI1), nuclear factor erythroid 2-related factor 2 (Nrf-2), superoxide dismutase 2 (SOD2), and heme
oxygenase-1 (HO-1). The results revealed that detected 2745 metabolites from TSFB, primarily composed of lipids and
lipid-like molecules, organic acids and derivatives, and organoheterocyclic compounds. The dominant bioactive

constituents included sphingosine, citric acid, and phytosphingosine, which exhibited the highest relative peak areas. /n
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vitro antioxidant assays demonstrated that TSFB possessed strong free radical scavenging capacity. In the oxidative stress

cell model, the results showed that both low and high doses of TSFB treatment significantly increased cell survival rates

(P<0.001). Meanwhile, oxidative stress markers such as MDA content, LDH levels, and relative ROS levels were

significantly reduced (P<0.05), while the antioxidant capacity indicator GSH-Px levels were significantly elevated
(P<0.05). Additionally, the high-dose TSFB group notably increased SOD levels (P<0.01). Both low- and high-dose TSFB
treatment groups significantly upregulated the protein relative expression of Nrf-2, HO-1, and SOD1 (P<0.05), and the

high-dose group further significantly increased SOD2 protein relative expression (P<0.001). This study systematically

analyzed the major metabolites and bioactive components of TSFB, elucidating its antioxidant mechanisms and highlighting

its potential therapeutic applications.
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4 e 24, Pa KA FE DGR MIC 2= R PRI A
B 22, AW EIH I . RN BRI, S — A B BH AL
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HEZE MY TR ARSI PP TSFB
P feis e SEmAH 1,0, 3N B S oodn
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BEIR R Xevo G2-XS QTof Ei4r ¥ miEiY  ZEEIR
FRHRR A BRA F]; md R B DAL, A bR 3%
A 1E1E Eppendorf A\ H]; AR YRZ G IRFE D EW
PARE S e SN RN IS
1.2 ZWHE
1.2.1 EEIERBR THIHE SH A8
S5 1 T v EA T b B RS AR A R AR SR 8 R
B ek fh | e RS, B FRIK L,
LI 150 r/min BY%EE . 37 °C IR RE 3 96 ho
] 25 501 % TR 22 AR AE R IR R 15 3R 05, R T SO Ab 3
(4000 r/min, 15 min), JF I8 8 &3 71 R 8 R BT
V&, BRI 3R E 2 S8 R FR (TSFB) . FiE, 1A
BEVRAE 60 °C F#FATH RZE R4 E A, HET
60 °C HFA LT, BZAS 58] LB T1 o
1.2.2 1 [EE IS 0 22 A R R A I A R A
ZH 53T
1.2.2.1 REFR THAARIHWIREC T RIEAES IR
24, P 9 i e v ER T, TEERBGROPIIn AT
2 mg/L L-2-5 RN & IRAE bR, FREL 50 mg K1
W8y, A 1000 uL & A AR A HE B (FF i : 2,
i KARF EE=2:2:1), IRHEVR 2T 30 s; JiD A BB,
45 Hz WFEAYALEE 10 min, #7710 min(VKKBE); Z
T 20 °C % 1 hJ)5,4 °C, 12000 r/min Z.0» 15 min;
N HBECHY 500 p i T EP 45 7 ELAS e 4 25
TR R A TR BN 160 plL $EHY
W ZNE AR =1 1) B %; IR IE 30 s, vKKIBHE
7 10 min; BFEEAS 4 °C, 12000 r/min Z5.C» 15 min; />
OB 120 pl B3 T 2 mL $ERER, 4D REAS 4%
Y 10 puL {RA AL QC FEAR L HLAIEL,
1.2.22 g4 fF  R4FH Acquity I-Class PLUS
MR AR R S, i H ACQUITY UPLC® HSS T3
(2.1 mmx100 mm, 1.8 pm) j%4E, 0.3 mL/min (Y7
I, 40 °C AR, JEREE 2 pL. HishH A: 0.1% FF
TR K W ; B AH B: 0.1% W 1R 25, 3ERE 4 R
1 ML[IO]O
1.2.2.3 JRiEZAMA  R4FEH Xevo G2-XS QTof =43
FE R A e SR 2 4 (MassLynx V4.2, Waters)
FEH R Y MSe BT — K . TS E R AR
TER P EAIER VRN, e IR B X HILRE RE 2 M
WFE REE A T RGE AR AL . INAHERERE 2 V, &
R BEELIX 8] 10~40 V, HFIAHE A 0.2 s —5K kK
i%El . ESI BETFIRSEN T BN HE: 2000 VGE
B L) 88 —-1500 V(B AR ) 5 HE LA R
30 V; B TFIRIREL: 150 °C; A FISUREE 500 °C; 2
MR IHE: 50 L/h; B aEk: 800 L/hl'',
1.2.2.4  JEFOARIELH A A W 2 AT FOAR X 22 2
SyRT DAIELR BT ECHE TR SR BOFS I (5 B, AR
CHREFR” (B E m/z, RT. WEEFLSE), /41 Mass-
Lynx V4.2 RAEH5UGE 8 ) Progenesis QI k{7

FROUAE IR . WX SR AR B AL FHERAE, SLTF Progenesis
QI X F #£ £& METLIN %X & %2 . HMDBXK 4 J% |
KEGG COMPOUND %4¥% &2 2531 12 R4 e,
WA TR —fhyds, 1) R T AR A T AR
1.2.3 PSSR R I BT A AT PRI a2
1.2.3.1 FHHEEIFERFEME =% ek gy k™
A A A TR B9 TSFB ¥ Ak 5 R
6 mmol/L 1) H,O, FIHRRR L ERIF I 2 mL, YR+
Sl E . HEFE 10 min J5, B 2 mL BN
6 mmol/L FJ /KA PRI AL IR GRS . a8
F T B ZH 0K TSFB ¥ VR e sl 2l 7K, BH A XoF BRZH K
TSFB e % A1 [R] ¥ B Voo FE 37 °C K ¥
30 min 5B FEAR M E 510 nm Ab AWK G I
AT HAE, M TSFB B9 B HHIETERR R

A S 0/ Hys,
TBERER %) = (1 T

)x 100

U Hyy o AORFES O EE, Ho ARG A 14
WS
1.2.3.2 HEMIET A HILERRNE S5 30k
Ik RS I EL . TSFB T8y 3 i T2tk i, 4531
10 mg/mL [ TSFB £, R EE 5 mL (B REL
ZZ R (M A 0.1 mol/L. pH & 7.2) A1 0.1 mL ¢
JE°R 0.4 mg/mL [YLRIR = I T h IR IR
S)o FABIIMA 1 mL A [FEHEEE B TSFB % 1Al
3.9 mL gli7kKIRFHIRS] . 25 X B TSFB #E e
Hatizk, BETEXT ALK TSFB Sl i[RI V. 3
BEATAGIN A FH BRSSO 22 VRS- AE 320 nm &b
AREBEFE] (3, 6.9, 12, 15, 18, 21, 24, 27, 30 min)
PRI GRS FE A3 SO A5 2H R 2R, W HE_ IR R n Rt
i AR I AN TSFB i A S+ A
FH 3 B %

THHR%) = (1 - %)x 100
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1 Oy o ARRFE SRR, O SRR A
1.2.3.3 DPPH H HAIHF KRRz SFHiL 2
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B 5 mg/mL TSFB & W, #E4T 2 1% B B 45 Lb # B¢
5 U, ARAFAN W] 0T ke v B 9 R A, B 500 pl ik
TSFB ¥ W, 43 # A 500 uL ¥ JFF -~ 0.04 mg/mL
%) DPPH ¥ #%, 1R 2] )5 25 I 388 ' S W, 30 min, ] 52
517 nm ARG REEE (D) o AR5 FRZDK: DPPH K
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1.2.4 H [E S e & B 0,0, 347 HT22 41 iy
PR E R
1.2.4.1 4UfEEsF:  HT22 i R 2/ NG S Lot
MM FR . HT22 A5 FR T35 1% TS RIB G .
10% G4 175 . 89% DMEM =l 32 iR & 15557
Ferfr, IR 5% CO, F1 37 °C AR 740 Th kAT
MR SR
1.2.4.2 WERSEE R H,O0, W TEEE Il
il 10 mg/mL 9 TSFB ¥ 3£ L A1 1 mmol/L H,0,
B R LB o BN il & B 18 60%~70% Hf
) HT22 49, #2451 5000 iR T 96 FLAR
37 °C ¥53% 24 h, 43U E (10, 5. 2.5, 1.25,
0.625.0.3125,0.156,0.078.0.039.0.02.0.01 mg/mL)
B TSFB M5 33 AU EE 2 (50, 100, 150, 200,
250 umol/L) & H,O, FiFRAAL AN 24 h™, MTT
PRI A=A AR, BEHGE Mk H,0, 1 TSFB.

L4 ODH "
T AN RAODIE
1.2.4.3 S840 AR MTT S5 R UEA 75050 404
B 40T 53R a5 X BE4H (Control) , Y 2H (Model ),
R 25 25 2H (Low-TSFB) Fll 15 771 18- 44 24 25 (High-
TSFB) o #5241 4 i 35 & 1 e 1 45 1) DMEM ¥% 5%
Fep IE B B 3R 24 h T 58 A W EE, BT R A0 A 45T
200 pumol/L H,O, 4bHH 24 h, Ik . & 7] E 41 7F H,0,
Ak B () [ B 43 53 48 I AS 5] 4k B2 1) TSFB(0.156.
0.625 mg/mL)
1.2.4.4 4iffd LDH B Al He 1.2.4.3 5538 )5
PRI, - 4R 92 B LDH 130 & B 45 85 olic e B
W T LDH BB
1.2.4.5 HaN4NARAG MR T- /K B 1.2.4.3
BRSO 2R L, H 2 P A R Y A S D 4 R A it
PAT S BB R E T, e =Nani
ASGHATAIN
1.2.4.6 SFALRIFAHCTERRIE B 1.2.4.3 353805
P4 4 i, S 4H i 4% B8 SOD. MDA . GSH-Px #1 ROS
TR B U6 A S UL I8, 4 B0 s U A S ok
4T SOD, MDA, GSH-Px fll ROS — ZR& & L s
FREGKEIN, FEFRIIE SOD. MDA . GSH-Px 7] &
AR B SERE, ROS i AR =AM 3G A
1.2.4.7 Western blot &l 45 1 HL 1.2.43 %55 )5
PIA) ZHH JHEL T A 0 22 A R P 240 T 5 ] S 24 i DA T 4
B4 I 2 A5 1, 10% SDS-PAGE B8RO H S0 85 4%
% PVDF J&, 4% BSA EiR#& M 1 h, —Ht 4 CIFF
I, TBST UG —HiiE & 2 h, TBST BEE, A
ECL 53T e i,
1.3 HIEAIE

FE A 2H 53 B i MassLynx V4.2 SR 41

JE i B P 38 ok Progenesis QI /Al S | e o)
FFEFEEPR AL BEERAE, 2L T Progenesis QI 3R 7E£R
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METLIN 48 %2 S i i % [ @R 7 %800, [R)ast gk
FrELE A B, B w22 2 7E 100 ppm PLIN .
A A0 A 52 B0 E s R FH £ 8 +h7 1 25 (mean+SD)
B8, FH SPSS #7484, P<0.05 FRoR2=
S HEA G EE X

2 HBRESHh

2.1 TSFB Kig#5 4

2.1.1 TSFB RIHZH2AMSEE LR SRAHFEAE
ZH AR AR XA A 45 R R R s A B A T
nEl 1 7R, TSFB ekl i 2745 B2 mlisT,
HAEE THAT 1446 MUY, s AU
1299 MR, 75 KEGG COMPOUND %44 2 2
PEF 758 I, I e AR P TIAH LLTR 14
25, i 1 s . MR RIS, BE B K hE
53 F . AR KL HATEY . AYVIZIHLEY . AL
teEwrcREZ, 433 H L 26.3%. 20.8%. 15.6% il
14.9%, FHROBAZAT | AT IR S I . 2RI G
Yy RN R ISR WA A P A s e HAT ),
I3 6.9%. 5.8%. 4.9% Fl 2.4%., J7aifEsgns
SR FH 2 2T B 4T A MRS i AR 45 T v v [ S
IR FEIAE RS T F s b R B, s &
HUER . 2R . AP0 A (S ey on, AR 98 4s
—3, HATRT A ES S R R S R E R D,
SIS TSFB Hh SR 281G o, AN ST i e AH
XTI TATARET 30 FYfb&9), an3k 1 ros. TSFB &
B PP B BRI R, EEE YIRS
Y. R K HATAEY) . B2 FIIGEENG . SR
REWFERIS S m 5y . BUAK: a A HLEAL S, Wiy EL
Tt . AR S A - 1B 1R, BRIE TR ST
AR, 255 i i R et A L R AN AR S 5% S, AT IR 40
Ry HE . JRT B NIEN , He i - - S A e
AR SIS 540, il I 455 S1P 2R R {5 I 4%
TR | LN FS 18 S 28 A%, TE SR 4l i AT
B oI AE AR BSUR AR AE PRI o G E Y, A A
LA HAPUEARE ., BEISTE R4 P ) H 2, U
AN O A A 05 o BT DL A IR T AR N
MIPTEALTE R G0, ANHE A IBE A . A e H R 4
AP, BEnm AR BT AR 11T bR A
RAEMZE, WIATEEIR . SRR EIRSE, o Arigm & —
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HWELAERZA Ay I 7
Zeay [ 44
BetF . Betrm et I 5
Avaksy I
Avzeresy I | :
gplyese/y __ BE
B By 7 I |99
0 50 100 150 200
itk

1 TSFB R4 KA aE
Fig.1 Classification and quantity of TSFB metabolites
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# 1 TSFB FZ/RiY
Table 1 Major metabolites of TSFB
- . PR ERT o
e iy GFR A ERT e o) HMDB%
T AHEMLEY
1 Sphinganine Ct;oNO, 302.3059 6.434 385709.0846 2.67 Organonitrogen compounds
Frigimi TR AT EY
2 Citric acid CeHy30; 191.0192 0.802 319445.9792 221 Carboxylic acids and derivatives
iEkY/ L EN AHEMLEY)
3 Phytosphingosine Ci5H3gNO; 318.3006 5.863 123535.1242 0.85 Organonitrogen compounds
KARH FRIR B HATTEY)
4 Vincristine CasHseNaO1o 847.3925 2341 7563048704 0.52 Carboxylic acids and derivatives
R SRR B FATTHEY)
5 Pyroglutamic acid CsH;NO; 128.0347 0.802 73454.17855 051 Carboxylic acids and derivatives
6 Fr 5 f Vanillylamine CgH,NO, 329.1384 5714 68724.15925 0.48 E2Phenols
TREZR A8 SRR
7 GibbeallinAg CiHyuO;  746.3415 2426 63949.57391 0.44 Prenol lipids
8 4 WA Melibiitol C,H,,0,, 344.134 0.796 63690.48101 0.44 Jl& Tt Fatty Acyls
FPGINR MR K HCAT A1)
9 Moxifloxacin C21H54FN;0, 384.1803 6.149 63409.88786 044 Quinolines and derivatives
LR = vy U =S
10 5-OxoETE CyH3,04 339.1992 8.825 60194.8617 0.42 Fatty Acyls
[ S ] S IR EEAR 5T
11 Baceatin 1l CyHi0p 6042799 2547 5232276123 0.36 Prenol lipids
B 1B Bl
12 Sphinganine 1 phosphate  C1sHaNOSP 399.3054 8.069 44761.15909 031 Sphingolipids
2 [P B T AT A= )
13 Ergosterol Cotly O 3733355 8.033 36920.56239 026 Steroids and steroid derivatives
14 6-25(%[6]-Gingerol C;H,40, 293.1782 8.371 35907.02538 0.25 Hi2Phenols
[l TR AT EY
15 Homocitrate CH100; 205.0344 1.38 29765.06268 021 Carboxylic acids and derivatives
B yEhaiT |k B HATT A= 4y
16 CRoquefortine C Cyot53N50, 412.174 6.084 28984.28172 020 Indoles and derivatives
2-AHFE-1,4- 257 S IR T
17 2-Phytyl-1,4-naphthoquinone CaotayO, 475.2989 8.425 2740247887 0.19 Prenol lipids
TREFH AS S BN T
18 Gibberellin A5 C,oH5,05 699.3193 2.683 27122.24171 0.19 Prenol lipids
50> SR PRI R IHATHEY)
1 H
19 Isochorismate CioH1006 244.0816 0.653 25760.3977 0.18 Hydroxy acids and derivatives
20 %% Decanoic acid Cl0H2002 362.3267 5.906 24913.87311 0.17 NG W2 Fatty Acyls
21 BokAlliColchicine CpHysNOg  398.1598 6.147 24548.60897 0.17 H AL G P Tropones
HIEER AHLAEEY
22 Paromomycin CpHyiNO,  636.2909 2.755 23474.07663 0.16 Organooxygen compounds
o F M A TS HAT A )
23 Ergotamine C3H35N5O; 580.2346 2.029 22427.22339 0.16 Ergoline and derivatives
24 LAY Astragalin C,Hy00y, 490.1301 3.481 22370.84295 0.15 5 H#{ i Flavonoids
FIZE L EN M nE e HAT A= 4
25 Aclacinomycin N CaptssNO 5 796.3565 2754 21443.93123 0.15 Pyridines and derivatives
26 % H Phlorizin C,H,,0, 454.1733 3.074 19821.79851 0.14 Z5H#{ i Flavonoids
27 THAG BT Stevioside CyHgoO15 805.3995 2.875 14062.7138 0.10 SR B BT Prenol lipids
LRIER HHLEMLEY)
28 Chlorogenic acid Cieti500 353.0869 2499 13666.14424 0.09 Organooxygen compounds
B NS Da]: BRI
29 =i BiPaclitaxel CyrHs5 NO,, 854.3389 5.749 12770.64391 0.09 Benzene and substituted derivatives
30 B Capsaicin CgHy, N0y 270.1921 2.027 11564.77693 0.08 F72KPhenols

1:: RT, Retention Time, {4 # i [d]; HMDB, Human Metabolome Database, AZ&A I 2H 5045 2 .
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(Staurosporine biosynthesis), 1] & Al 15| s R Mg S 4=
Yk . A SRR AR T R TR, T S iR 24
PR SRS . 2 EEEAE )Gl (Steroid
biosynthesis )il 4 7T & BAE ) 22 £ [ 04, Bzl
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fatty acids) i A RS RN AE s 2 (CUn b i . S 3
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(alpha-Linolenic acid metabolism) 3= 22 I 8 2 A 14
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M Z2 S M 0 iR 15 R (4n EPA/DHA) , H AT 449
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Statistics of pathway enrichment
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®
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Fig.2 KEGG enrichment analysis
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HT22 4R H,0, FlEH R . e AN Rk
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H¥ HT22 4SS b B b e g . 7€ TSFB A
J7 ), W &3 TSFB GEBH A0l H,O, Hlim 5
A AEAEREER(E 4C) . H25 AXTHEZHAH L,
TEL T H,0, RIS A5 750 2 4 bl A A7 540 il 25 T [
F] 70.14%(P<0.0001); SHEHRIZHAHLY, 1EL5 TR, =57
Ht TSFB {475 il A= A7 d a3 T2 84.28%
F1 98.89%(P<0.001), H FfF 45 25 BE1G s AN i A= A7
EHORWHE R . DL g5, TSFB 4525 7] 3 1

SEALN BT T AU RELAFIE 5 T R, $on H B ATV E Y

b AbnG .

2.3.2 TSFB [¥1IX H,0, $ii5 HT22 g4i fffi + LDH 7K
S LDH KEBSMTAE T M P35S, 764l it <2 B3 455

JE 2 M A 485 ) e 1 IR S B LDH BB S, i sk A T
LDH ¥R EE AT LSBT 2 M 1 R e AR DS A
25T H,0, FIFJE, 525 FAXT REZHAH b, AR 20 15 55
Hrp LDH &&=tk 3 A (P<0.0001), KW HT22
1) 2 LRSS % 4 i B IR (18] 5) 5 A RUZH A LL, TEZS

TR, EAEN) TSFB 45 B3 4kh LDH &
ERELE 106.00+10.40 U/L Fil 77.74+9.11 U/L(P<

200 =

fiiiiiiis
150

T ..
i

SR AKF (UIL)
g
1

HH

e L R
,&é‘ ,&é‘

oQ ¥
¢ S
K5 TSFB Xf H,0, #ifj; HT22 i 7L iR S
TR Tk 1) 5]

Fig.5 Effect of TSFB on the release of lactate dehydrogenase
in HT22 cells injured by H,O,
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