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Abstract

Objective: To explore the protective effect of perillaldehyde (PAE) on Aspergillus fumigates (A. fu-
migatus) Keratitis in mice and the following mechanism. Methods: We used A. fumigatus infected
C57BL/6 mice for the experiments in vivo. The protective effect of PAE on infected corneas was
evaluated by anterior segment photography and clinical score. Hematoxylin-eosin (HE) staining
was used to observe the effect of PAE on the infiltration of inflammatory cells in infected corneas,
and the fungal load in mice corneas was observed by Periodic Acid Schiff (PAS) staining. RT-PCR
was used to detect the mRNA expression of inflammatory cytokines IL-6, MIP-2, CXCL-1 and pat-
tern recognition receptor TLR4 in infected mice corneas and RAW264.7 cells. We also used
RT-PCR to measure the mRNA expression of IL-6, MIP-2 and CXCL-1 in RAW264.7 cells stimulated
by lipopolysaccharide (LPS). Results: PAE treatment remarkably decreased the area of ulcer, the
degree of turbidity, and the clinical score of the mice corneas infected with A. fumigatus. PAE
treatment could inhibit the infiltration of inflammatory cells and reduce the fungal load of the in-
fected corneas. RT-PCR results showed that PAE could reduce the mRNA expression of TLR4, IL-6,
MIP-2 and CXCL-1 in A. fumigatus infected corneas and RAW264.7 cells. We used LPS to specifically
activate TLR4. The results showed that PAE pre-treatment could inhibit the mRNA levels of the
downstream inflammatory factors IL-6, MIP-2 and CXCL-1 mediated by TLR4. Conclusion: PAE
could improve the prognosis of A. fumigatus Keratitis, reduce the infiltration of inflammatory cells
and fungal load, and inhibit the release of inflammatory factors mediated by TLR4.
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TR P A 5 48 2 P o 2 1R R ) T 8 R T S A S S X SRR e P ARG TL&PE%&ﬁL%M i
PRGN BB BT A FEAE . ARV AE ) 3 A SR AR 0T e S B RGN [2]. T E 2
Kﬂﬁﬁyﬁ%ﬁ%%%ﬁ%%ﬁ%ﬁﬁﬁ&%ﬁiﬁﬁﬁ%&m%moHwh%ﬁ%%ﬁﬁ%%%ﬁ
FEABRMSENEE . IREREER, FEBORER 4], SECEEABE R R+ T. Bk,
TR AT R 0 TR 24500 2 e PR AR AR A e 1 T

FLI P AR 28 R R AE AR R AN A 35 SO (0 B 0, i EL S R N AR 51 R I ) SORE S L o B

SIS VIR S [5]o [T S BRI TR U R A I 38— BRI 2k 4 A BRI, [T St
WG, L 4 L BE e TR R 0% 23 TR (P AMIPs) 23 4 455 2R 52 A (PRRs) IR, I a3 58 A 41 ffd
)5 AL PRI A3 RO BB SAE O, A SRR 1, DRSO SR N 1R 2R (4] [6]. E
PRE N5 5 KB S e AR L JOE PR A A R A B AR R AL A R, AT BN AR R A4 O IR
afin, REFIERMBEG LT (8], B, $E IR SRR BNt BB AR R 0 B E ) iR T T
B

DOI: 10.12677/acm.2022.122125 868 Il R 125 23k i


https://doi.org/10.12677/acm.2022.122125
http://creativecommons.org/licenses/by/4.0/

RIS %

SRRSO EERS, FICRE P, Bk, SRS R Z BT[] [10]. BF%
R, SR THRE A S B 2, SECTR AR BER , ST S8 i 5 B % o R PR 117
SIS T L A 2 R A R B P B LR i 7 S 3 M BV 12 10). R, AT 9 )
SRS LI T U026 P /I M) TL-18 A0 TL-18 R0 5005, VA0 ke RSBt L BB 0 6 ¢
SR 12]: 3 b P KA T M58 SR, 0 130 2 B B B I 13]. i
T 4 I 1 14 A6 O PRV SR 0 TR AT S0TY 9T TS R A R A
HOVTFIERI[14]. (6, SCEGRROBLIIIE 32l bR R,

RS T S A TR 1 AR L TR PR . UM R RO TR ROBLA . BRATEIBT SR
Y, SRR AT LR L G, I FLBIT R TLRA /5015 S, K] SO AN TR T 4 0

2. MN57E
2.1. KR

4875 (CAS-No.18031-40-8)I1 F TCI #hX 2 h(H AR ), —HEPADMSO)IE H At 5T Solarbio 2
"], NEZKBELPS)IWH Sigma-Aldrich (3EH). MtE CS7TBL/6 /NR(8 W) EFF G I A, LRI A6
BE, SR . BT ISR, HEBRIRERE . SLIR s A4 55 E IR RIS BT 78
2x(ARVO)= T bR . RAW264.7 4000 5 M Rl e (i) 345 o

2.2, WMHSEEFSEL0HI&E

KR EE T 3.0772 AR RS @ A Y B A ORFEUE BE Gy, #ERN T Sabouroud Byt Jfi B 41 7R
(Solarbio), B THHIRMAME, fFHAKRLFN, TREEEFERIES T H PBS (& 0.1% Tween 20)5 5
FEHE, UEM T, YRk, B04C, 12,000 g 5 BN, FEETE. EE, 4CRAE. KbR R B B Ak
R T 2008 5 R TH B2 )5 107 300 ml Sabouroud VAR FR B TC RN, DA™ a4k . BT 37C
(1 120 rpm FRIRKGFRA 7R MAEKZFPORE L AN, WEFZIFHE, PBS Mk, 04T,
4500 rpm. 10 7308h) . 7 B3 WL IMN 75%MPREATIR S G E T 4 CORFE BROKIER 2. K HE O
Ja FF L 29RS, PBS Wik 3 K. i B0 PBS 1iE, M DMEM 408532 00RE), il oK S i 42 5
T, RSB e B A IR 1 < 10° CFU/ml.

23. AEMARKMRIRENENY

i 8% /KA EHE(0.4 mUkg) IR N - FEMRBFFAREMEL T, MH 30 G — kMR 284 L5/ R AT IR
FUIBLMBETE, A MARIETZ, A 10 pL Hamilton RS 2844 2.5 pL fF838(1 x 107 CFU/mL)JE 5 %/
A IR AR TUZ, 7 IRAE 2 BN IR, /N BRBENL 7 K TR 1R YT 4R DMSO JR974H, R 5—K
PG/ L A5 R VR SR TR S (6 mM) B DMSO (1%) 5 uL, HERESE K, AF/NRETEG6 mM)EE
DMSO (1%)5E H 3 S IRIATT . ERBUSHIE 1. 3. 5 K, 24T NS/ A 0 5 AR AL DR A5 1 R 1
5o VHtARUES 2 BT SEIG AR 15].

2.4. HE #6&

KRG G 3 R/ANRIRERE T OCT W, AR HIER ST, JEEEA 10 um, 37°C N 7
2 /NiF. PBS IR 3 i, FAARKEYE 8 bR, HORAKIZVE 3 I, 1%IRMRIERE L 20 5, HRKIZEE 3
W, KA 4reh, HORARTE 3 M, Pt 30 75, HRKKIREE 3 i, A 85%. 90%-. 95%.
IKCTEREEEMLAK, —HRFIER 5 ol sRVERIRE o (A% BB I H1 1R (400%) o
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2.5. SMBRFHR(PAS)RE

FREGE 3 R/NERIRERE T OCT B, WA G ERIER G, JEE N 10 pum, 37CHE R
2 /NEF . PBS ¥R 9L 3 i, I R IAE IR A 10 208, ZRIEKIEYE, Schiff Reagent 32 4% 15 704, AR
FRENIS VIO BE 2 IR, WRKITGE, TRAREGLt 2 4080, WKIBE, CBEERRFENLK, ZFRIZRHUEH S b,
B o Al DGR R M ST (400 fif).

2.6. RAW Zmpasbis

FHEMT 12 FLIR T RAW264.7 40 TR A3 75 24600 80%Rh &, I 75600 uM)EL DMSO
(0.1%)FALEE 2 /NI, 25T KiG Al ih B 1 3 225 LPS (100 ng/mL)HIE, &Y 8 /N e sE4n i T
RT-PCR 5256, #] TLR4. IL-6. MIP-2. CXCL-1 ff] mRNA Fik/KF-.

2.7. RT-PCR

2.7.1. Total RNA HY$2EY

B 5 A TR 5 M 41 21 805 RAW264.7 i) RNA 24300 EP & B Tk & L2447 30 4080, 4°C.
12,000 rpm 5.0 10 7380, B EIEWAA—H EP &, MMAS RNA 23R 1/5 AR EME M &, 1’
)G, 4°C. 12,000 rpm B50r 15 4380, HUEIEBN 75— EP s m2EA Bigwe) EP S mA R A
B, B2, 4°C. 12,000 rpm B5.0 10 4380, 7 EiE, A 500 M1 75% .8, 8215, 4°C. 12,000 rpm
B0 10 %, 7RG, RFOIEIER . [H EP B HNN DEPC /K # RNA UL, RS0 - I’ - B
JESLZIIE RNA & B Je 4l

2.7.2. Total RNA &8 M RENE
VAL IR B 3 AT ¥ 46 ) OD 1E )T 0, 43R ATE 260 nm. 280 nm 4bH) OD 18 PL & OD260/0D280
FLfE, D& =BCFE1E. RYE RNA IR HHE EREE .

2.7.3. R

%8 Prime Script RTreagent Kit With gDNA Eraser (K% R AW LFEA BRA 7)) IRF 0 #5205, HlE
FHRLIRA R, B PCR AN EdHATH Y B o 2647 95 CTAEYE 30 s—95CAEME 55, 60°C 30 s (40
MEF)—95 TR K. I 15 5—60C 30 s—95CHME 15 s. WIFEARK NS K H EERIEAE, A
XRIEE. ST 1.

Table 1. Primer sequence of target gene

F* 1. BEESIYFY

Gene Primer Nucleotide Sequence GenBank
prcinise) |
TRi(mowse) g ACACTACCACAATAACCTTCCGGCTC NM_021297.3
o L
CXCLI(mowse) ACTTGGGOACACCITTTAGCAT NM_008176.3
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2.8. GtEE*®

SEEGHE LT M £ SEM [ # R, IFiEid GraphPad 8.0 #F#E(T /0 4. #8id Mann-Whitney U
KB 58 AN EILE IR VR4 FHARBCO XUR t #5865 RT-PCR 45 3474047, P <0.05, "P<0.01, "'P<
0.001, AL NH G E N, ns AN TG4 . EE A L E /D 3 IR AR RERTE .
3. &R
3.1. EFBERE/ N BREHhSEMAERIEKRITS

ANERA BB I A TR S5 56 1. 3 R0 5 RAEZRFRT N IEATIR AT HEAH . 5 DMSO 4Lk, EHEE A
PR DN OE AR AR AR (B 1(A). IIRIED B, BRYEEE 3 RAE 5 K, KIHERIT HiE)
B KT DMSO X HRAIG IR IE (K 1(B)), ZHA G iR Lo

>
oy}
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§ + AF+PAE
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e (A) M E G NR AR 1. 3. 5 KJG DMSO ACFRA 58 5 R AL FRA AR AT T IRAH s (B) M h 25 B JER G/N BR A
JE 1. 3. 5 KJ5 DMSO AbH4 5455 A FEALIRG PR PE2r ELi(n = 6 4H) (P < 0.05, ""P <0.001, ns $ALATESET 2
).

Figure 1. PAE treatment alleviated the severity of A. fumigatus (AF) keratitis in mice cornea

B 1. KRBz NRAMSEEAERNTERZE
3.2. EHEAG/NRERARA AP EMRRERERE SR

MELHZY)  HE Jeta R, KP4 3 K, DMSO ZHn] WAL 2 g 8 4 MR pigiE, i 0h
FEYRIT I T 2 AR B R (] 2(A) 18] 2(B))o BT PAS Yeth i n] LUK I e e A 5 b 1 B fufr, A

JEH ) 1) PAS Geti R, FEIRGLEEE 3 R, L5 AL FR A A I BT 22 7 B W R AIK T DMSO X R Z4H,
HABKIREE R (K 2(0). & 2(D)).
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DMSO treated PAE treated

v JHME BN R A 3 K5 DMSO AR (A) 5 KT AL EEZH (B) HE Gl s MR it 2 i s/ R A 3 R
J5 DMSO 4b#14H/(C) 5 g A FE2H(D) PAS Bl (n = 3, 400%).

Figure 2. PAE treatment reduced inflammatory cells infiltration and fungal load of 4. fumigatus (AF) keratitis in mice
cornea

2. BB N RIAHEE AR R M AR R EE S

3.3. EHEEE RAMSEARKEPRREEFHRIE

FATVHE— DAL 7 IR/ BRI 2 40 IR 7 1380k . RT-PCR 5 BoR, SxTRAIML, %95
PR IR 3 /N B A I v B 25 A T RAER T IL-6. MIP-2. CXCL-1 ff] mRNA 7K-F(& 3(A)~(C)), Z 5|

B gt L.
A IL-6 in cornea B MIP-2 in cornea Cc CXCL-1 in cornea
500+ - -
T mm AF+DMSO + ) 4007 o AF+DMSO Kk % %0 mm AF+DMSO *k K
400- =3 AF+PAE 3 =3 AF+PAE 3404 = AF+PAE
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C” Days post infection & Days post infection & Days post infection
D IL-6 in RAW 264.7 E MIP-2 in RAW 264.7 F CXCL-1in RAW 264.7
100+ ns 5001 254 ns
° i HoRx ° *kk ns 5 X *ok K
5 80 i>> 400- *okk § 20-
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€ € 1S
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v{< v & v ?{< v

Ve R E RGN R A 3 KJG, 5 DMSO AU, KA Y] IL-6. MIP-2. CXCL-1mRNA 7KF-B#{K(n
= 6/4H) (A~C). JH il 55 12 B RAW264.7 40 8 /NI, 15 DMSO ZHA EL , SR TR BE TRAL B4 IL-6 .MIP-2.CXCL-ImRNA
K FEAR(D~F) (P < 0.05, "P<0.001, ns I ATLLGHZE ).

Figure 3. PAE inhibited the mRNA levels of pro-inflammatory factors in the mice cornea and RAW264.7 cells infected with
A. fumigatus
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3.4. EWHEEPEIE RAW264.7 AR R LB FHFTIA
LA TE RAW264.7 400 2 /N5, DO KIE M & B M. RT-PCR 45 R EIR, HaifihE

BACFRZA TL-6. MIP-2. CXCL-1 ) mRNA FRiE/KFTh s, 1048 75 I T AL BN 2 25 P4 {IK 1 IL-6. MIP-2.
CXCL-1 ] mRNA Fi&(& 3(D)~(F)), ZHHAGH5%E L.

3.5. A BEMEFIRH B EM AR TLR4 KIRIX

N T REREBETUI ML, FATTA I T 00 b 25 T SR /N BR A L FD RAW264.7 xR 5% & TLR4
fFik, RT-PCR Z5 R 4E~, #HXFT DMSO AbFEAL, “RIFEEALHEZ] TLR4 ) mRNA Fik i BAK, %
WEA G EE (A 4).

A TLR4 in cornea B TLR4 in RAW 264.7
4 2.5+ % %k %
mm AF+DMSO - 3 *k%  ns
[ =3 AF+PAE 2204 ==
2 34 L
= % 1.5+
4
E 29 ns E 1.0
& 4 2 054
&) 1 & 05
0- 0.0- T T
> £ o) &
& op & ¥V ¥
& < <<><o ?g
Days post infection Nal

R RS NR A 3 RS, 5 DMSO 4B, KRB B TLR4 mRNA /KPR = 6/41) (A). JHh
T IEY RAW264.7 4 8 /M E, 5 DMSO ZUAHLE, KPR ik FE4H TLR4 mRNA /K-FF#(%(B) (7P <0.001, ns
BTG 27 )

Figure 4. PAE inhibited the mRNA levels of TLR4 in the mice cornea and RAW264.7 cells infected with 4. fumigatus
4. FLFWAIBIF] T R B E RGN R AR RAW264.7 4l TLR4 BIFRIE mRNA ik

3.6. 7 EHIE] LPS A RAW264.7 h{E4EF mRNA B4

FAVHE ] TLR4 55 B 5h 7 LPS H1i RAW264.7 40, KA R 70784k . RT-PCR 45 % &
7N, FE ) LPS ACFRAL A4 IL-6. MIP-2. CXCL-1 ffJ mRNA 7K FThE, 1048 o5 B TAb BRI 45 %
fi& 7 LPS BB E TH = R 5E R 1K, 20 B G2 (A 5).

4. Wig

TR A7 5 9 2 R — 7l R B0 B R 51 A ™ B S TR [ 16] 0 TR ARV R, BB A R 5 1)
RIRFME A T[17]. HET, WERN PR 2R e 22, SRZPURAERI[18], MR 7 &A1
N, EY)RERBE (KRR EE Y.

TR TR R KSR BRI, RO B AR R Pk PUAEZ A YIS L,
LT Z[10] [19] [20]0 ABFFLAH, FRATIGUE T 5L 58X T 08 ith 25 B B s /N BRA IR R va 7 B o BR AT T IR
AR SR T3 B RO B RIS/ N R A TS5 DMSO ZHARLE, KRR BE e o T TR AR /) o ML S0 B4 B i
BT, X RLRSOREVE A R B, WZHAHLL, EFEH SR . HE Pt BoRIE YR58 3 K, YL A
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BN E, R KR AREAMIIRIE, 2L 4E 4 M 3801, 4595 AR B 5 1) A R b 98 RE 240 At 1 S sk
A, G AR . O FOIE SR TR AT AR B e S BRI B A R R MR gl . B
WELHA A CD4 T iM%, X 5AVGF T —[13]. FATRTHX T LHE A EFERT R LM, &
AT LA AR o 2 T A 22 O B B IR AR R R LR A [14]. ASZ6 ., IRATELT PAS Yt M /N R A D) A
2 LR ISR TR AT DL D B A I e B 2 B ELBELE B 22 MR RN, PR S T R TR B A R
TER . R T ERUESRTRRERIPT AR AR, FRATIE O il 25 17 8 /DN B A FBE Hhont 980 BR 7 2847 T A3 Tll, RT-PCR
SRR, BYEH/NR A IL-6. MIP-2. CXCL-1 FRikMiwE, W& B s eI ERE,
MIP-2, CXCL-1 #J& T CXC b K 750k, RILHGER I P HERIGEM . A%/ B gE i i im v, o
B2 A% v MR 4T B (PMINs )48 55 21 45345 BB Se Ao, AT U 5 G 2E RN A i S B2 [211] [22]. K Ir et itk
D7 B4, B B0IE T BRATT A S8 Hh 58 T T DAY/ MR o B U A R 1 R v R T i 1 B4
[14]. [EIRE, 700 i 2 B R0 e 20 A P A S I 21 1 3R 28 TR 1 A ROA 3G 0, T /8 R T B b 3 5 3R IA T
W X5 BT AR 7T P 4R 95 B R B R M JORE R 7 1L-6. TNFa 7242 R Z% DSS 7 51045 I 4 145
A —#[23].

A IL-6 in RAW 264.7 B MIP-2 in RAW 264.7 c CXCL-1in RAW 264.7
500+ *ok ok 400 5+
_ % %k Xk _ I~ o _ % % %k * kK
[3) [} [3]
007 — 8 300 T 54 L
< 300- % < 3
= £ 200 £
_g 200 :]21 .g 2
© T 1004 kS
Bl “lm
0 : : 0 : : 0 . i_
R S R S &
< & ¥ & S &
N A% N

VE: LPS B RAW264.7 41 8 /N JE, 54l LPS AbHZHAEL, LI TiAL R4 1L-6. MIP-2. CXCL-ImRNA 7K
FE(A~C) (P <0.01, P <0.001, ns FHNLELIHFE ).

Figure 5. PAE inhibited the mRNA levels of pro-inflammatory factors in the RAW264.7 cells stimulated by LPS
B 5. LHWAIBIMNF] T LPS RIFEHK RAW264.7 IR K EF mRNA RIFRIE

TETUTR VR AR I 28 [ e v, b B A e 4 i 5 1 A R a1 324, 4 Toll #52445(TLRs). C AY
BREE Z AR (CLRs) A% IR ES A 3 TALIRE 32 R (NLRs) &5, TH 1) 0 1 41 B 26 T 1098 J T 4 6 0 A
BEM A SR JORE SN [24]0 BATE A B T8 R B 0IR 51 52 44k TLR4 7EM0 #h 55 B I e 5 R I& ETH[25], 42
TNTE BT VE RS 8 SRR PP 5 D T RSB M TLR4 2RI SRAMBd B . Aok, AT e S M
BN71) LPS KA RAW264.7 4Hiff, 455 5o LRI Ab 21 2 2 PR AIC 1 e LPS #5301 TLR4 /31 R Uit #5E
RGN, $R KRR AT feiE i ] R 5 S 1 TLRA {5 508 BRI HIME 2 R 7R IA

L AT, ASZEGEE— DR ST 7R R AR B PR AR A BT R AT AR, X T e S A
TLR4 R HAS 0 TN RIERIRR A O, P KI5l vT Be UM TR YT FLIR M A RAT 2 A 3 2540
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