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Abstract

Objective: To investigate the anti-inflammatory and antioxidant effects of eugenol (EUG) on Asper-
gillus fumigatus (A. fumigatus) Keratitis. Methods: The macrophages were collected from the ab-

“BIAER Email: yankelicui@126.com

WEFIH: Tk, 2. TEEGIT /R BB AR R R D). mIRE SR, 2022, 12(2): 976-985.
DOI: 10.12677/acm.2022.122142


http://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2022.122142
https://doi.org/10.12677/acm.2022.122142
http://www.hanspub.org

Tk, R

dominal cavity of C57BL/6 mice. After being pretreated with EUG or DMSO, the macrophages were
stimulated by inactivated A. fumigatus mycelium. Mice corneas were infected with A. fumigatus,
and then treated with EUG or DMSO spotting on the eyes for five days. Real-time PCR was per-
formed to examine the mRNA expressions of inflammatory mediators (IL-18, TNF-«, IL-10 and iN-
0S) and Toll-like receptor 2 (TLR2). The severity of keratitis was observed under a slit-lamp. HE
staining was applied to evaluate the effects of EUG on inflammatory cells infiltration. DCFH-DA
fluorescent probe was used to detect the expression of reactive oxygen species in macrophages.
Results: EUG significantly inhibited the expressions of inflammatory factors and TLR2 stimulated
by A. fumigatus, and decreased the level of reactive oxygen species in macrophages. Compared
with the DMSO treatment, mice corneas treated by EUG showed increased transparency, smaller
ulcers and descended edema. Corneal HE staining showed that EUG significantly reduced the infil-
tration of inflammatory cells in corneal tissue. Conclusion: EUG plays an anti-inflammatory and
antioxidant role in A. fumigatus Keratitis by inhibiting the expressions of inflammatory factors and
TLR2, as well as reducing the production of reactive oxygen species.
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P Ik AR T A RO PSR A K SR AR [ 5] SR, o B IR 98 R S IV B S A LT A7 K B R 1) [
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T W (4-)d A = -2- AR ) ) 2 | T B R h R U — MR e R &, 2 iz T D s
7] BB S R BR8], KREMAERM, TEHEMAEAYIR. PrEl. PURCEY . BRI,
BUBSEZEAEA9] [10] [11] [12]. AWFFEM, 76 LPS 300/ R A6 [ BRI R, T Flyis it
0] NF-xB 15 538 B BRAK /N BUMZHZ 1 IL-6. TNF-a (03835, 30| b MR i 38 88, I hn AL
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2. MR EFE
2.1. SCIEHAR AR5

2.1.1. SEIEEhHD

SPF 4 CSTBL/6 /M (WEYE S 8 JIl) A S A AL st DUAR A= rpote o SRS 0 P A & b L B2 E0R
FRSE IS NP I N TE i 18 45 5 B R A 5 [ IRABHATL 5 BF 7E ) 2 (ARVO) K T A8 I LE » 558 il
BERBEfe B 2 b1 2tttk

2.1.2. SELG4MBa

Y B HI A C B IR AL, R ARVOK T 15 204, IHESIE TAN, BAHE T iR 7R
FENNRIEIE( mV X)), FE LGS . 1 RS SR FRAN SN, A — O 2 e /N BRI T N EN
5 ml DMEM 35781, 7870 4% BRI fa W I s PRIt o Kt R 250 10 2381(4°C 5 1200 rpm), 77 |
B BOENIINGEESTH 10% FBS [ 55 24000, HAMEiEm A 12 FLANRRE FRh 4k g% .

2.1.3. SCIOEEF
MR i 2 T T R 3.0772 WS B A B SR E R L

2.1.4. L&
T (L MCE A7), RNAiso Plus (K% TaKaRa A ). HiScript III RT (4 5T iM% A 7). SYBR
(FA R MERE A 7)), DCFH-DA % 6HREN(_E#E MCE A 7).

2.2. SEWFE

22.1. MAhERNEFSH&E

KRS AT s T IR R, JFE THIER AT, 37°C 120 rpm, IR EW LA M.
W 22, 8 P T B 1) Y SR IF BB s T 22 T R 45 20~40 um K IZH/N F BE, 4000 g 250 30 204, B0
JE R 2320 T T5% M SBEh I ROKTE . H, fEHJCE PBS A TEGRE 2, B0(4000 g, 20 7057,
7 L&, 4 DMEM 557890 B i 249K FE % 1 < 10° CFU/ML.

2.2.2. RABELRIHAE Iz ERE4HER

12 LB N I E 2RI > 6 2H: IEH 4N 4H). DMSO AHE41(DMSO ). T FEyxf FALEUG 41).
ZH(AF 41)- 1w n DMSO 4(AF + DMSO 41). I T & E2H(AF + EUG 4). ke, s 70,
I JCTE PBS ik 3 i, BEJE MANRE TR I &4 160 ng/mL T FEYEL 0.05% DMSO [ R I T
AEFRAAR 2 /NEF . BEFS &ALIIA 50 pl KGRt SR 22, B TERSEFMNEE 8 /M 37TC, 5% CO,).

223, HHSEM AR MREBERNES S48

I 8% /K& S mEXT CSTBL/6 /INEREAT IR I BRI, W4 RS /D R TR EE & k. fERMET
18 I TC T T A TR TR AT IR A e, P24 2 mm, 78 _E R A SORTE TS R E R, I E
P05 AL TR AR B TR TR 22, B S 7 A IR A B A RIS . AR . RH, PRBRIRIG4E4L,
53 160 pg/mL T FEYEL 0.05% DMSO O /N R s HR AL, &FH 3 IR BRI EEE 1 R, B S K,
TEHRBLBRAT TSN R A GO, FFaRdsk. /N RA I IE 5 JbrdE L2 1.
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Table 1. Inflammation grade of mouse fungal keratitis model

=1L MREEMARRERES R

I (1 43) I (2 4%) I 23 43) IV %4 5)
597 AR 1%~25% 26%~50% 51%~75% 76%~100%
ot I S0P T T JE T I, T JEAS I FTIERNIN
B po ST MBERER BBIR FR 5] SR T IR
. EEKM . BEETS -
iy A 2 FEAHLT = ~EREI S N ey LD =
Bk B REAS BB A AN IR ) o 5 3 4 2 FILEUE T E

2.2.4. SERTSEHER PCR

1) RNA FIHEHL. &8 A 4B e

W2 [ B 5 s 4 PR 55 AR PP I 5 929, JE 8 PBSS sk 3 3, LA NN 500 pl () RNAiso Plus 7,
WAL AE 2 ep R, BHJE B T RUKEZMA 30 7080 SR 00/ N R, IAIRAELIE T p &
o, HEEE N 500 pl 1) RNAiso Plus 355, {508 75 20 BB A B A TS A 2R, B T UK @ 246 2
NI BEARTFEN RIS, B0(4°C, 12,000 rpm) 10 2%, FEEETERER ep B B 100 pl 547,
PRGRA], B0(4°C, 12,000 rpm) 15 7381, I EIEHR R ep B B AMANEEFE R AR, JR5E
5], BRE 10 BEEOGRERL), F B, 75%4BE0E RNA YiE. ERRHIRS, B 10 258
JEF LIEW, ep BHTHR T TR, FENBRETEEZEKRE, IMAER DEPC KIGMITE, BRI SIK
FTIRAT, 7 RIE I BEAR O 2 RNA K JE 4%

2) Wi

P e = A PR, fd ) HiScript IIT RT iR77# RNA FEA IS 5554 B cDNA FEA

3) PCR

FelE s A R B, 8 SYBR R & H 4 PCR RNAA R, W 2. LA f-actin NS, ] Roche
PCR {58 PCR 3G S 80,  FAR SN 5644 FiAEPE(95°C, 30 s)—~A2E(95°C, 45 s; 60°C, 30 s)—~iB K.
FEAH(95°C, 15 5; 60°C, 30 5)— I fR(95°C, 15 s). HIN PCR BI¥IFF 5 W4 3.

2.2.5. EIE4HFEA ROS S EME

Bk gn e hh T 96 FLIR, A &A 160 pg/mL T &M EL 0.05% DMSO FEE TR TIALEE 2 /INEF o N
KIGH 225, RES 04 1. 24 4. 8. 16+ 24 /NN DCFH-DA R4 & 20 404t PBS i 3 1%,
3 BT LA 488 nm BUR A 525 nm RS B FOL R E .

Table 2. PCR reaction system
% 2.PCR R %

5%l (G
SYBR 10 pl
DEPC /K 7 ul
DNA 54 2ul

H RIS R L 51 0.5 ul
H LR N i 514 0.5 ul
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Table 3. PCR primer sequence
% 3. PCR 5|¥9/%%

Gene Primer Sequence (5'-3") Gen Bank
IL-15 (mous) R TGTCCTCATCCTGAAGGTCCAC NM_008361.4
TLR? (mouso) R TACTTTACCCAGCTCGCTCACTAC NMLO119053
INOS (mouse) F: TCCTCACTGGGACAGCACAGAATG NM_010927.3

R: GTGTCATGCAAAATCTCTCCACTGCC

23. GtFESH

i/l GraphPad Prism 8 XfSCif £l it 17T bro WL IA] LLALAE FHORECX R ¢ ke, Z4Ltbiefi

One-way ANOVA £, P <0.05 INARAGFE L. LRIl x +5 TR,

3. &R

3.1. T EEHNGIRE R E R R T SEE T RARRAIZ 4 TLR2 HIRIE

PCR &R IR, IANKIER MM H 22 8 /it JE, /MRS BG4 e 1L-18 (B 1(A)). TNF-a
(B 1(B))~ IL-10 (] 1(C))~ INOS (& 1(D)) 55 44 K1 mRNA FRIAHEH A B3 s, T &kt
PR ZIH T ERGER T RIS, ZRBEAG R L dhAh, 0 R w22 R0 B A
BRI Z R TLR2 (] 1(E))H mRNA Fik/K-FE R S, T &M ik 222 K 7 TLR2 RIA,

EZRAEFGEE
IL-18 c TNF-a IL-10
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] mRNA 1A% DMSO 4 [#(K; (E) EUG TiAbFEZH fA IR 5244 TLR2 [R5 5 DMSO 211K (n = 6/41).

Figure 1. EUG inhibited the expressions of pro-inflammatory cytokines and TLR2 in 4. fumigatus-stimulated macrophages

B 1. T EERHDHIAE 2 R A A R B B RE AR AR o RS RE R F RARTVIR A Z 48 TLR2 BYaRIA

3.2. TEEHIBIEREEEMES ROS B ZE

R T B AL R VE T, FRA 148 DCFH-DA 484146 I EE 4 il b ROS HIZRIE K. 4558
(F 2)E7w, MANKIERHMEREEZ)S, 4T ROS MRIEEAS 1 MG LT, T 4 MEIES
g, Z 24 MR T IER AKCE. SXRAM, EMANKEEZES 1. 2. 4. 8. 16 F124 /N, T
Ay AL EL ) EE 4T i ROS [RIE =35 R 4.

== DMSO
8x10° = EUG
S 6x10°
-'6 il *kk
-g k%
O 4x10°4 ns
S ns
n
8 2x10° -
O_

0 1 2 4 8 16 24
Time of exposure (h)

T TS O P T T 22 R R E WA, A IFESS 04 1. 24 4. 8. 16, 24 /NEHIEIIZNAR S ROS & &, 5
DMSO ZHAHt, EUG TACEEZH A4 i ROS FIA B2 P (n = 6/41) (***p < 0.001).

Figure 2. Eugenol inhibited the expression of ROS in 4. fumigatus-stimulated macrophages
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R s T A I AL ER /N SRA (K 3(B))I5t5 AR B HRALIR /N, A Rk e . 22T i A R )
ZINBRAR IR E V23O R I 2 AR (1] 3(C)) AR v i) HE B o, T & My A A IR (15 3(E))
rh RAE AN IR RE . DMSO 41(18 3(D) Rkt . DL ESGERRW], T &y R & e 1/ A I A

HIEE,
C . owso D yopmreros
104 & EUG BT~ - i
p<0.01 . aton 1
s 87 __ns_ A =
% A tokhd
DMSO i 6 A A A A
AN Ak e s
4 A N A E
B "" - ¥a
2_ -— & ‘j;';
O I I .
D5
EUG EUG

H: (A) BYJEE 5K, DMSO AEERI/NRABKARRMEREIT A (B) BYEE 5 K, EUG A3/ R AT
AREMRBIT R A (C) A DMSO 5 EUG 4 EE /N BRA IR JE TRy (D) BUYE 5 5 K, DMSO AbEE /N R A B
FA R NE HE Reta B8 (B) RYUE5E 5 K, EUG ABE /N B A IR R HE B0 BHE (n = 6/4H).

Figure 3. Eugenol treatment alleviates the severity of mouse 4. fumigatus keratitis
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s 1004 )
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pd
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Figure 4. Eugenol inhibited the expressions of inflammatory factors and TLR2 in mice A. fumigatus keratitis
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FLER M A 28— P WL A I, PRI ), EE S EURERRE R . 7 LR M A A R
R, RGN K RREN AR BRI SZAARBOE,  WOR s/ T 10 9RE RSN SE AL .
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FZiIE . SRR DA R R, SEERRTS[15] [16]. TEARSIGHFFTH, T &MA Rk 78]
BRI A B 48 /DN B A T A TE A0 B KIR AR BE, 4 £ I b 2ERE R -F-(IL-18 TNF-an iINOS). JEfiE Bk
4 b 2 fE K F(IL-18+ TNF-a. IL-10. iNOS)JFRiL, R T HFMEE M RIEH. AAEKH,
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o A, TR W kD T R R S R B R R A R A, R TT E A —
P EAER .

P R G T A SR AR 88— B B 2. IR SZ AR (I Toll #E5Z24k. C RUEEEE 3 2K 5E)
e R G (W B R Ay A BT IR 0 R A R B AR AR DG o R, R S R AR SR AR
R FHIF=HE, AR SR RS 18] Toll #5212 —Fh B B CIR i 524k, 78 F W4 IR0 30 B S S Hp
FEE AR FH[19] BATHIRIF 7 45 5 R, 8 i 25 18 0T 51 SR s B4 il - TLR2 [3RIAHE &1 . 5 DMSO
STHREAAHLG, T &M AL EE of ] TLR2 MRIAH & . AMantk, 7ENRABRRBEA G, 7EERYE
BHK, THEBACE A TLR2 MR IEE IR R R M. X3R4 R 123 A4 1
P RES TR 32 44 TLR2 I3RIAH K.

g BATIR, TR AT DA ok A it A S BRI A% 0 B AR, A i R R R L 1 /N B A R
RAEDR T AR AZ R TLR2 (3R, AR JORE LU ML (32 s 980 A i 85 B o) 38k 1) 15 e 4 e 8 o
A F. TLR2 fIRIA J ROS [/=4. DL g5 53R, T F Wy ml LAAE /) 6RO it 25 B 14 7 5 98 v R L 4%
PUAABIVE T, FE R AR /DN BROBE R [0 005 20 g S 56 FR S A BIRIE S, R0 T M 2B Bl B 1 A
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