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Abstract

Formononetin (FMN) is an isoflavone monomer commonly found in legumes such as Astragalus
membranaceus, Red Axle Grass, and Pueraria lobata in traditional Chinese medicine. Numerous
recent studies have demonstrated its various medicinal properties including anti-inflammatory,
antioxidant, anti-apoptotic, antibacterial, antitumor, and estrogen-like effects. However, the po-
tential role of FMN in fungal keratitis has not been extensively explored. This study aimed to in-
vestigate the protective effects of FMN in Aspergillus fumigatus (A. fumigatus) Keratitis. Methods:
In vitro experiments utilized the CCK-8 kit to assess the toxicity of FMN. RAW264.7 cells were
pre-treated with inactivated A. fumigatus hyphae for 1 hour, followed by evaluation of mRNA ex-
pression levels of inflammatory factors after 7 hours of co-culture with FMN or DMSO. To further
elucidate the therapeutic impact of FMN on A. fumigatus Keratitis and inflammatory factor levels
in vivo, a model of A. fumigatus keratitis was established in mice via intracorneal stromal injection.
Local eye spot treatment with FMN solution or DMSO solution was administered, and inflammato-
ry factor expression levels were assessed through PCR analysis. Results: FMN had no significant
effect on the viability of RAW264.7 cells. In A. fumigatus inactivated hyphae-stimulated RAW264.7
cells, FMN treatment led to a reduction of inflammatory cytokine expression levels compared to
the DMSO group. Moreover, in vivo experiments demonstrated that FMN could alleviate the sever-
ity of A. fumigatus Keratitis in mice and decrease inflammatory factor expression levels in infected
corneas. In conclusion, FMN exhibited anti-inflammatory protective effects by reducing inflam-
matory factor expression levels in A. fumigatus Keratitis in mice.
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FURE PEABE AR — R GLE R, SRR /DT — A4 B R B AE AR R, JCHAE
PO A 2 g — B[R SR R B, R A 2 FLAO XU 2 10%, et — 2 ) 30 B8 M ¢ BB
TR AT IE R IR R, 8O (1] [2]0 300 I S5 5 LI [ A2 7 90 0 o RO A
3] [4]o MR 2 45 T B A S BEPRIG, SeBEThRE SR, KIS BE IR 5 A S A S et FH 2K
B W R ML A R ARG DLIS) [6] [7]- 2RI, H Ay B e MR A Z R R R L, fIniRR
B2 SR 2AK(<5%), VLRI 251E5[8] [9]. B, FRMEM IR R KR IT A E R I BkiR
Pho FHSZE, EREMEMBLRS, B 7 RSN, 5 30 B 00 SR SNt 2 R A A A, T U R
RAERE— D INE[10]. W TCRE, Pt 0 1 A R o 2 0 0 S by m] LA B fr 47 48 I [14]

RITAER A B LRSS RS IR R 2 A7, MR &y, A
REPURAPUAM D RL[12] [13] £ LPS /N R S PEFLIR R, R e e 3 AT LUB L A0 6] NF-«B
fE T Il FRAR TNF-o A1 IL-14 55 500 BN 1 IR R A DT R AE I [14]. BRAh, AWFFRY], fEt LPS
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2. KR
2.1. SRS

211 SEEHR
SPF %%, 8 JAk N C57BL/6 /N BRI H Hh VLR QU5 SLIe s bl . LRGSR BRIERT 6355
[ AR BHRIRLGE B TT B2 (ARVO) Il E (AR HE . A SLHs LB 7 B KA B s s B fe B 2% 03 2> (1t ofE

2.1.2. LWL AAthEEEM
K 25 T AR (NO3.0772) H H ] i il A= 0 SO R AR O 3R L

2.1.3. SEIG4mpa
/INEL RAW264.7 ELI 20 ik A L L2 B 3R 15

2.2, SCIEFEEME LM

221 (EEBEIEF ST RRSIFARREM RIRF
RO, MR, BRSSO KW H LR R R A

222 I SEAERE/NRRBIAEIL
SRS RYIEREA SRR HIRAT); 10%/K A& B (ZHEREYHARAF); 30 G —XKMkE
FHER(LHEEESEAF]); 10 pL foEiF S5 (5t Hamilton A #]).

223 RIERRIERBREZ
HITEAAE A A (MedChemExpress 22 /);  — HUALTZAR(DMSO dbmt R 3 H 24 Al).

2.2.4. CCK-8 &3l
CCK-8 #6771 & (MedChemExpress A ).

2.2.5. RT-PCR #BXiX 7 R #EH
DEPC /K (_ LA T A IR AT &4 (H SiEREA T AR A F); RNAiso Plus (Ki% TaKaRa); 5
P (FE R 2 2R A PR A F]); SYBR(FS H 4 EHE) .

2.3 SEWAHE

2.3.1. CCK-8 23

1 RAW 264.7 41 i B3R 3%AN T 96 FLAR P, TESH MRS FR A0 h 55952 2 24 /N, Bl J5 K54 A6 2 D 8.
16. 32. 64. 128. 256. 512 pg/mL HIZREEIIN 96 FLAR . HITREAE RALFEREIE 24 /NiHiE,  [AAEALH
I CCK-8, fE4HfussFRfal ek E, 3 /IS IE 450 nm AL W FE U -

2.3.2. WM BEIRFT SR TFEREEIE

H N h B TR AR AE T A TV REUIR B R, B THIBM A S 2~3 R, JGMLE PBS thikH 4,
ST R ol 5 A A T R BEIR B 1 % 107 CRU/MIL . H540 1 25 B 7 e P T3 IR PR 15 97 88, 7 37°C 1Y 120
rpm FRARTEIRIE SR T TR 6 K, WORHIBUIRIE SIS 236 78 00 o AT I VRS L, T B 2200
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HOIIN T RS K o 4°C R B Je 4 K 1 2266 FIJE B PBS FE /0 BREe B0, N BB 5 Al 46 K0
B 22 & W

233 PREBEMMABEREINEY

K FH 7 SN PR IER B B 8% 7K £ S IS AL i R I 5et /0N BRZEAT 4 BF R, & IR 5 7 S e/ 5
TN EFLGAL A A BA TS, RIS 2, B S R 38 2 L #7981 x 107 CFU/mL)4
BRAEVEN, SRS A B AR AR A IRVE SRR, ERRAE S AT, IR T @A B
RIS R H T BT SN R A BRI R R, RN AT R 4 BRI ARIG YT, SR A IR
i 128 pg/mL RITHRAE R IAW, IR ZH A7 BRI 0.5% DMSO . 1E s X IRA, Wi AR T
AUIRAREE . 5K FH BT WS/ R A B R i AR TRIRFEEE RIS IEAS, TEEYYE S 1. 3. 5 KR
SR IHFFATIGIRVE 7o VA 3 s 4 HR 2 1T B SR 30 1EAT[16]

2.3.4. RAW264.7 HHpa4LTE

¥ RAW264.7 4Hffu 4P T 12 FLIR 5 B T 20 s R 55 77, AUsn T W 4% 28 21 i 2% B i 70%~80% )5
TS 1 /NI 25 108 it 25 B KT A 22 A, SRS TSR AL 2 B DMSO JhRE FRACEE 7 /N 5 W A2 4 i
T J54: PCR 25

2.3.5. RT-PCR L& 753

1) & RNA 2R EE E

SCEE SO T 35 A K9 T 22 TR ) RAW264.7 2 i R0 2 B B e I 36 — R I/ R, 0 N
RNAiso Plus 71 1) EP &, ToK& bATH 78 024005 20 B Big, IS 100 L, BAEE O,
I EiERE Y — EP & . KR AEIMAEER EiERh, SRS RO, TolEHh i DEPC /K
BCHIf) 75%P K, TRAGEG, K BIEREE %, MK EP &8 T =R T, A DEPC /KAHE K
DUEM I A AR B 70 BT AR RNA VR FE AN Al FE

2) Wik}t PCR

Wi 3 PCR BRI IR UL PdtAT . oL, Wik cDNA B, J5¥ SYBR Premix Ex Tap. 5l
Y. &R cDNA SR F1 DEPC ZKECHI A PCR R SN JGEHE, BT PCR ACHATY 8 B TR 14
(95°C, 30s); #H4(95°C, 55, 60°C,30s); Bk, EAd, #HMERIZ(95°C, 155,60°C, 305, 95C, 155). A
FIFI NS B EEE 5P 5% 1.

Table 1. PCR primer sequence
% 1. PCR 54751

Gene Primer Sequence (5'-3") Gen Bank

F: GATTACTGCTCTGGCTCCTAGC

R: GACTCATCGTACTCCTGCTTGC NM_007393.5

S-actin (mouse)

F: CGCAGCAGCACATCAACAAGAGC

IL-1/f (mouse) R: TGTCCTCATCCTGGAAGGTCCACG

NM_008361.4

F: TGATGGATGCTACCAAACTGGA

R: TGTGACTCCAGCTTATCTCTTGG NM_001314054.1

IL-6 (mouse)

F: TCCTCACTGGGACAGCACAGAATG

R: GTGTCATGCAAAATCTCTCCACTGCC NM_010927.3

iNOS (mouse)

F: ATTACCCGCCCGAGAAAGG

NLRP3 (mouse) R: CATGAGTGTGGCTAGATCCAAG

NM_145827.4
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2.3.6. GLitEFEHEZE
SEIOHAE ST GraphPad Prism 9.5 ##F, WLEHEIN LLECR AT . BUR t #6550, =21 &L FRA
OnewayANOVA 7347 . SEEHHE H x + SEM o, S Iscgasi s s 520 =ik . P < 0.05 I BA G450 o

3. &R
3.1. REREE RAW264.7 HGFEERE BRI

CCK-8 s Al 1 Ml P16 2% RAW264.7 4 i dett, BOXt gl EAEvs hdsem. SR ER, 5
Xt FEZH AR EE , <512 pg/mL 3% B (AR5 1L 250 BRI RAW264.7 [IA73E RE 77, 4l B i 3 R (5 1(b)).
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il ik seeanipaliif- AN

Figure 1. Structural formula of FMN and toxicity of FMN to RAW264.7 cells
1. RERE RS RRITARIERIT RAW264.7 44 7758 SR 5200

3.2. MEMERLIERER T HhBERIHMA RAW264.7 HRERTER FHIFRIAKF

RAW264.7 2 ffd 28 it i ith 25 3 KIS B 22 TS i 1 /NS Ja, INNRIPSAR AL 25 8 DMSO AL3E 7 /N fe
ol 78 i K 7 IR IE Ko RT-PCR 45 R EoR, SIEH AL, JHih 5 A B 40 1IL-18, 1L-6, iNOS
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iNOS 11 NLRP3 ] mRNA ik, =5 HAREMN. FN, SEFHML, s i DMSO
B PR G 2ORE R T IL-18,  1L-6, INOS Al NLRP3 3k [ 520 A5 i 25 1 2 57 (1] 2(a)~(d))
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Figure 2. FMN reduced the expression of inflammatory factors in Aspergillus fumigatus-stimulated RAW264.7 cells
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3.3. RITEARTE R/ R B & A AR R Im RIS

TEMH P 25 T R /N AR B RO B8 — R, SR = RIS TR, FEARBIT N WL/ bR A ™ EE A L. 7T LA
WLEE SR PEAPR AL R AL FLLE /N B A B I057 IR ARG /S, A BRI E N B . T DMSO AR FRZH /N BR A 352 07
THARBOR, AR, KM TR, HACRSCEA, #7r HBL™ 50 A ORI 55 (K 3(a))-
SR AN AT AL 38 55 = IS /) Bl R 2 420 A 8 ™ B FE B TR . % DMISO AR BR AL AR AR AE R AL
TR h 25 T /N B IR R BEAT IR IRV 23, S5 IR U] S DMSO X EZHARLL, PR 18 32 b B T DA 35 PG /)
SRR AR VP20 S/ SR R I U (4 3(D))

1d 3d 5d
S o [ 9. # 15+
A DMSO
® FMN
P P<0.001
DMSO £l S 10- AA
o ns iy P<0.05
' L ° A o A
. o S ;e o A O Mk
AAIY — — A O ] A o
Lt £ 5 -
2 (3]
FMN
0 I 1 1
‘ 1d 3d 5d
AESN Days post infection
(a) (b)

vE: (a) 2 DMSO BRI TEARAL 2 AR 0 M B2 B B SR 5 1 K. 2 3 RFIEE 5 RIF/NR
SRR 26 B4R T BT REAR s (D) S DMSO BT AR 1L 2 A FRA /N R A P 28 G IR IE 28 (n = 6
R,

Figure 3. FMN attenuated the severity of Aspergillus fumigatus keratitis in mice
3. WEMEZRAR/ ) RBHEELARKTERE

IL-6 IL-18
1.5
® == DMSO 15
° = FMN _P<0.0001 | mm DMSO P<0.01
2 2 = FMN
[ ]
< 3
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E: (@)~(b) FENRMMFR ALK =R, SXIRAMEL, R E KB T A
JESFR IL-15 AT IL-6 Y] mMRNA FRiEKTF.

Figure 4. FMN reduced the expression of inflammatory factors in mice Aspergillus fumigatus
keratitis
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2 /1N B TERTR FR BB PR SORE DR 5 R 3R o T /0 B 0 A 2 128 A I R A B — RN P B AR T, I R
SrELE, T AU R 55 = R I/ B A A s b SORE TR T 1R . RT-PCR 45 L7, 5 DMSO X

HEZHAREL, RS AE R A BB T J5 28 = R/ BRA IR IL-18 A1 1L-6 mRNA ik 7K ([&] 4(a)~(b))»
4. g

B IR R AE— a3y . WG HLIX (R E R RO R e, FERAEER R . BT4
DrREIA IR, BRI EE LRI, FEESSFEUSIEA KB [17]. X0 R8s A R 7 LR 2R
BRI, HETTIE RMOR IR 540 2R FIdt £ 140 [18]. IhAh, BB R AT TRAR. BUA a7
Y FEAFERME R RO MM F R R B SR AY. A, XEGYIREZERE, EY
FIFH BB, FLER AP H B VR I7 18R A DU BT8R [19] [20]. 2835 VE A IR RS Al T R o] LASG G 43
WAL, BT AR RS =, 2RI N 20H 53%I1 K 58 38 Toikidi AT M F R [21]
[22]. DRI, BT A A6 A B0 2R AN R T JXURG AR o DR 3 T8 (a0 o 25 T R ) 1) 3 8 1 T 6 1
5 L9 SR AAR [23] o 214 B T OS2 A 1D A b o s e N o N, B TR 1 SR L B R A R I R D
3 5K, SRS AN M BRI IR e [24] o T B B RS 8 10 R0 A P B R SR RN g o Y S
RFEFRIN T, BT R AR RN, T 3 90 BT 3 1 B A SRR AN 2k 1) S 5
AL, 36 A2 01 A7 32 G0 SSONE 0 B 2 AH ELAE FH [25] o A R Rz 4T R S 28 200 A mT UJER R 18031 3 1 8 44
HRM AR SZ R (PRRS) /T LA B IR 1) B 5E0E . H 88 JO0E 503 S A4 A DG 73 TR U (PAMPs) 25 &
HBERAMEAZR(L-8 5F). FEARIER T (TNF-a). BLET(CCL-2 55)5FJEN FIE N, XL85
FEA TS5 SR R SIS S AZERE[21] B B GLE 2 I B AT . B SR A0 M 55 S e A R v 4k o 3X
Sy o it — A RIEN B, S5 EE . FN, kg g 2GR AL, RS E
KR, i R I 2R3 [17] [26]0 FRATZ AT R ST IA, il it 5 14 S RE B L AE S0 B 1 A I 46 rhkd )
TERIPER], I HRE S s M B R 1 TS [27] [28] [29].

I VA T B T I AR 58 AR AT A E4, W] RE SR N TR YT 1K A BN ) R PR T S [30] o TR
WL FE RV Z R — M R EE G, WM TR Prat. PUMTSE, REERTELT
ORIAMCTEEAE . SRR S o Ak I P VA 40 4 S AR R Hh A5 B 86 IE[31] [32] [33]. BFFTR A, fESMENE
IR AR BRI A, TR AL R AT LR R 28 I AL R B, BRARZHZA A TNF-on IL-6+ IL-18 3L
JKF[33]. BTN AL Z AT LLE IR TNF-a, 1L-6 Al IL-18 H23A IR LPS 55 A4 22 JC 4 It i) 2RE =
Vi[34] [35]. X HERATH g0 45 R — 2, AR LLG T, 08 i 2 T L33 RAW264.7 20 i 28 0E
DRI - s 8, T S0 A A 2R 11 I FH T DAl 98 R PR - (R 2RI o st Ak, 5 /0N B0 it 25 T i 98 A R
DMSO J&I7 4L A BRI, Som AR K, HLRSGEANE, WARIEr m . MRl = e H# AN R A
JELR IR FR PR, fO OB B RESR s, WU ARG/, PR VT BRAK . X el FER B AR A6 25 v] LAk
SO ot TR A R A N R AR, SR E VAR TS . XA S B AR IR AT R
PEAL TR UEYE o
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