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Antifungal and Anti-inflammatory Effect of Punicalagin on Murine Aspergillus 
fumigatus Keratitis
Hao Lin , Qian Wang, Yawen Niu, Lingwen Gu, Liting Hu, Cui Li, and Guiqiu Zhao

Department of Ophthalmology, The Affiliated Hospital of Qingdao University, Qingdao, China

ABSTRACT
Purpose: This study aimed to investigate the anti-inflammatory effect and antifungal effect of punicalagin 
in murine fungal keratitis.
Methods: We used in vitro and in vivo protocols to assess the anti-inflammatory effect and antifungal 
effect of punicalagin. In vitro, time kill and mycelial stain were done. In vivo, murine fungal keratitis was 
established and treated with PBS or PUN. Clinical scores were taken on days 1, 3, and 5 post infection. The 
mRNA and protein levels of inflammatory factors were detected by RT-PCR and Western blot, and the 
number and location of macrophages were analyzed by flow cytometry and immunofluorescence. Also, 
fungal plate counting was used to assess the antifungal effect. The DCFH-DA fluorescence probe detected 
the ROS level.
Results: In vitro, PUN showed activity against A.fumigatus. (A.F.), with MIC90 values of 250 μg/ml, and 
significantly reduced A.F. biofilm formation (p < .001). In vivo, the mouse fungal keratitis model after 
punicalagin treatment exhibited less disease, lower clinical scores (p < .05), lower reduced macrophage 
infiltrate (p < .001), and fungal load (p < .001) than those treated with PBS. Treatment with punicalagin also 
reduced the mRNA expression and protein level of pro-inflammatory factors. At the cellular level, PUN 
significantly reduced the mRNA expression of inflammatory factors and ROS production caused by the 
stimulation of mycelia in RAW264.7 (p < .001).
Conclusions: The results show that punicalagin is beneficial in the treatment of murine fungal keratitis. 
The mechanism of its anti-inflammatory effect was synthetical, including antifungal activity, an inhibitory 
effect of proinflammatory factor and macrophages, and anti-oxidation.
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Introduction

Fungal keratitis (FK) is a severe ocular disease and one of the 
leading causes of corneal ulcers1and blindness.2 Increased agri
cultural trauma, long-term antibiotic use, extended contact 
lens use, and the excessive use of corticosteroids increase the 
occurrence of this disease.3 Aspergillus fumigatus (A.F.) is 
a common fungal pathogen that is responsible for a high pro
portion of fungal keratitis4,5 due to its invasiveness6 and the 
corneal inflammation it causes.7,8

Punicalagin (PUN) is the most abundant ellagitannin in pome
granate and is widely used in traditional Chinese medicine.9 

Previous studies have shown that PUN can play an active role 
in anti-inflammatory, antioxidant, anti-cancer, anti-fungal, anti- 
apoptosis, and anti-glycation response.10–14 Despite increasing 
interest in PUN’s capacities, there is no current literature report
ing its influence on fungal keratitis. PUN has been shown to target 
macrophages9 and inhibit oxidative stress in LPS-induced 
macrophages,10 and previous studies suggest that it shows anti- 
fungal activity against the conidial and hyphal stages of dermato
phytes, including Trichophyton mentagrophytes15 and three 
Candida species.16,17 Importantly, cytotoxicity assays show that 
PUN exhibits selectivity for fungal cells in preference to mamma
lian cells.15

We used the AGAR diffusion test, MIC (minimum inhi
bitory concentration), fluorochrome stain, and biofilm assay 
to observe fungi in response to PUN stimulation. In vivo 
studies tested whether PUN was effective in the treatment of 
A.F. induced keratitis in B6 mice. Evidence showed that 
PUN treatment was antifungal against A.F. and reduced 
disease by the downregulation of macrophage infiltration, 
fungi count, and proinflammatory molecules. Tests in 
RAW264.7 macrophages verified the anti-inflammatory and 
antioxidant activity of PUN. These results suggest that PUN 
may be an effective alternative for the existing treatment of 
A.F. induced keratitis.

Method

Mice

C57BL/6 (B6) female mice (7 weeks of age, weight 18–22 g) 
were purchased [the Institute of Laboratory Animal Science, 
Chinese Academy of Medical Sciences (CAMS)] and fed in 
a comfortable condition at 4/hutch. B6 mice were subjected 
to adaptive feeding for 1 week before the experiment. The 
fungal keratitis model was established on just the right eye. 
All animal usage complied with ARVO guidelines.
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Fungal straining

Standard Aspergillus fumigatus strain (no. 3.0772) was bought 
from the China General Microbiological Culture Collection 
Center. Spores collected in a sterile environment were inocu
lated on Sabouraud dextrose agar medium, in 28°C, 24 hours, 
recovery in batches then adjusted to 1*106 CFU/ml. Mycelia of 
A. fumigatus were collected in 28°C for 7 days and milled to 
20–40 microns for animal models or stimulate cells. The devi
talized mycelia were treated with 75% alcohol, 12 hours and 
washed with PBS three times, and mycelia fragments were 
counted and adjusted to 1 * 108 CFU/ml.

Cell culture and A. fumigatus stimulation

RAW264.7 (obtained from Shanghai Chinese Academy of 
Sciences) murine macrophage cells were cultured in High 
Glucose Dulbecco’s Minimal Essential Medium (DMEM, 
Gibco, USA) supplemented with 10% fetal bovine serum 
(FBS, Gibco, USA). Immortalized HCEC were cultured in 
DMEM-F12 (HAM, 1:1, BI). Both of them were incubated at 
37°C in 5% CO2. Near 80% confluence, the cells were pre
treated with 0, 25, 50, or 100 μg/ml PUN (98% (HPLC), Sigma- 
Aldrich, USA) for 2 h and then incubated with A. fumigatus 
hyphae (to the final concentration of 5 × 106 CFU/mL) in 12- 
well plates or 96-well plates.

Cell counting kit-8 (CCK-8) assay

HCEC was seeded in 96-well plates at a density of 3 × 103 cells 
per well in 200 μl per well. PUN was added to the medium at 
final concentrations of 0, 50, 100, and 200 μg/ml. Each condi
tion was repeated six times. After culturing in a cell culture 
incubator for 24 h and 48 h, the plates were removed, and 10 μl 
of CCK-8 (MCE, New Jersey, America) was added to every 
well. The cells were incubated for an additional 2 h. The optical 
density (OD) of each well was measured by ELISA at 450 nm.18

MIC

Serial dilutions of PUN (90 μl/well) were prepared in salouraud 
liquid medium, and 10 μl of spore suspension (adjusted to 
5 × 104 CFU/mL) was added to each tube and incubated at 
29°C in 90% CO2 for 12 hours. Visible fungal growth at each 
PUN concentration was examined by spectrophotometry at 
570 nm. MIC was assigned as the lowest PUN concentration 
that inhibited visible fungal growth.

Calcoflour white staining

Sterilized salouraud liquid medium was prepared in four 
Chambered cover glass (Thermo Fisher), on which cover slips 
were placed. The samples were prepared in duplicate for each 
concentration. The walls were inoculated with spore suspension, 
containing 5000–7500 spores. All plates were incubated at 29°C 
in 90% CO2 for 24 hours. Then, the slides were washed three 
times with sterile PBS.19 After air drying, each slide was stained 
with 0.5 mL Calcoflour white stain (Sigma) for 30 s. Then, the 
chambers were gently decanted and washed with PBS. After air 
drying, the coverslips were mounted to the chambered slide with 
antifade mounting medium. All specimens were observed and 
photographed by a fluorescence microscope (Leica).15

Fungal keratitis models

Mice were anesthetized with chloral hydrate. Preoperative rou
tine disinfection and towel laying were done. The 2/3 epithe
lium (about a diameter of 2 mm) of its right cornea was 
removed from the central cornea under the stereoscopic 
microscope. A. fumigatus hyphae was evenly coated on the 
corneal surface, and contact lenses were placed. Close their 
eyelids for 1 day. Randomization was used to allocate experi
mental mice to control and treatment groups by testers. Six 
successfully modeled corneas were divided into a group to 
ensure the accuracy of the experiment. Slit lamp photography 
and clinical score (the standard of clinical scoring referred to 
Wu at al. was expressed in Table 1)20 were taken every day and 
animals were killed by internal decapitation after anesthetized 
excessively, and the eyeballs were processed according to the 
experimental requirements.21

Therapy

Punicalagin eyedrop (using pasteurized PBS to dissolve puni
calagin powder and mix, dilute it when it will be used) treat
ment was carried out four times a day and 3 μl at a time under 
isoflurane gas anesthesia in the PUN group. The eyes of the 
control group were treated with PBS eyedrops (pasteurized 
PBS). The time of the whole treatment process was controlled 
to less than 1 hour to minimize potential confounders.

Plate count

Mice (n = 6/group/time) were euthanized at 2 days p.i, and its 
corner was removed into sterile HANK’s balance salt solution. 
Each cornea was cryomilled with 500 μl of PBS with steriled glass 

Table 1. Visual scoring system for murine fungal keratitis.

Visual Scoring System for Murine Fungal Keratitis

Grade 1 (1) Grade 2 Grade 3 Grade 4

Area of corneal 
opacity

1–25% 26–50% 51–75% 76–100%

Density of corneal 
opacity

Slight cloudiness, outline of iris and 
pupil discernable

Cloudy, but outline of iris and pupil 
remain visible

Cloudy, opacity not uniform Uniform opacity

Surface regularity Slight surface irregularity Rough surface, some swelling Significant swelling, crater or serious 
descemetocele formation

Perforation or 
descemetocele

The score is the sum of three terms
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rod grinding by hand. Then, all grinding fluid was plated on 
Sabouraud solid medium and incubated at 37°C for 36 hours. 
Colonies were counted to reflect viable fungi surviving on the 
cornea.

Real time reverse transcription-polymerase chain reaction 
(RT-PCR)

Normal and infected (fungi) corneas were removed at 5 days p. 
i. from B6 mice after PUN or PBS-treatment. The RAW 264.7 
clone was stimulated by inactivated hyphae for 6 hours after 
PBS or PUN-pretreatment 2 hours. All samples were collected 
in RNAiso Plus reagent (Takara) and was rapidly quantified by 
spectrophotometry (Eppendorf). The protocol used has been 
described in our previous publications.22 β-actin was used as an 
internal control. The primers used are shown in Table 2.

Western blot

Corneas and cells were collected in radioimmunoprecipitation 
assay (RIPA; Solarbio) lysis buffer containing and phenylmetha
nesulfonyl fluoride (PMSF; Solarbio) (100:1:1). The protocol 
used has been described in our previous publications.22 

Primary antibodies against the following proteins were used: 
IL-1β(Bioss), TNF-α(Signaling Technology, Massachusetts, 
USA), β-actin(Elbscience). Secondary antibodies included HRP- 
linked anti-rabbit (Elbscience) antibodies. β-actin was set for 
a control. The immunoreactive bands were exposed with ECL 
reagents (Thermo Fisher Scientific, Waltham, MA, USA).22

Flow cytometry

Mice (n = 6/group/time) were euthanized at 3 days p.i, and its 
corner was removed into sterile HANK’s balance salt solution, 
and separated into individual cells after 2% liberase (sigma, 
USA) immersion at 37°C for 60 minutes and crushing by 
micro pipette tips, and stained with CD45-PEvio (1:150; 
Miltenyi Biotec, Bergisch Gladbach, Germany), F4/80(1:200; 
BioLegend, San Diego, CA, USA) for 20 minutes. Macrophages 
were among the CD45+ cells, F4/80+ cells, shown by monitoring 

singular cell suspensions stained with fluorescently labeled anti
bodies. The data of flow cytometry was assayed on a Beckma 
flow cytometer and analyzed by FlowJo 10.4 software.

Immunofluorescence staining

For tissue immunofluorescence, mouse eyes (n = 6/group /time 
point) were embedded in an OCT compound (Tissue-Tek; 
Miles, Elkhart, IN, USA), and frozen in liquid nitrogen. The 
protocol used here has been described in previous publications.23 

Primary antibodies rat anti-mouse F4|80 antibody (1:400; 
abcam, ab6640) was used for their respective organisms. A Cy3- 
conjugated goat anti-rat antibody (1:400; Bioss, Beijing, China) 
was used as secondary antibodies. And DAPI dihydrochloride 
was used for marking the nucleus. All samples were observed 
and photographed by fluorescence microscopy.

Assay of the intracellular production of ROS

The production of ROS was estimated with 2ʹ, 7ʹ- 
Dichlorodihydrofluorescein diacetate (DCFH-DA, MCE, 
China) which becomes fluorescent after oxidation to 2′,7′- 
dichlorofluorescein (DCF). RAW264.7 clone was cultured in 
DMEM without FBS in 96-well plates and incubated at 37°C in 
5% CO2. Near 80% confluence, the cells were incubated with 
A. fumigatus hyphae (to the final concentration of 5 × 106 

CFU/mL) and 0, 25, 50 or 100 μg/ml PUN for 6 distinct time 
points. After this incubation, each well was washed twice with 
PBS. 96-well plates were preincubated in the dark, at 25°C for 
clocked 0.5 h in the presence of 10 μM DCFH-DA, then 
washed twice with PBS.24 The samples were excited at 
480 ± 30 nm and the light emitted at 580 ± 20 nm.

Statistical analysis

The difference in clinical score between two groups was tested 
by the Mann-Whitney U test. For comparison of three or more 
groups, a one-way ANOVA followed by the Bonferroni’s mul
tiple comparison test (GraphPad Prism) was used for analysis. 
For each data, p < .05 was considered significant and data was 
shown as mean ± SEM. To ensure reproducibility, all experi
ments were repeated at least once.25

Result

The disk diffusion test performed drug sensitivity testing. The 
inhibition zone diameter of amphotericin B was larger when 
combined with PUN, indicating the latter’s anti-fungal 
synergy. MIC showed PUN can inhibit the growth of A.F. at 
31.25 μg /ml, and prevented 90% of A.F. growth at 500 μg /ml 
(Figure 1b, p < .001, p < .001, p < .001, p < .001 and p < .001, 
respectively). Calcoflour White stain, a non-specific fluorescent 
dye that binds to cellulose and chitosan in cell wall, was used to 
observe fungi growth in this study. Fluorescent microscopy 
images showed fungi were nearly invisible when treated with 
different PUN concentrations, and their branches were 
reduced (Figure 1b). Fungal biofilm was stained with crystal 
violet, and the absorbance of the eluate at OD570nm decreased 
with increasing concentrations of PUN, indicating that the 

Table 2. Primer list used for RT-PCR.

Gene Genbank No. Primer Sequence (5ʹ-3ʹ)
β-actin NM-0073933 F: GAT TAC TGC TCT GGC TCC TAG C 

R: GAC TCA TCG TAC TCC TTG C
IL-1β NM-0083613 F: CGC AGCAGC ACA TCA ACA AGA GC 

R: TGT CCT CAT CCT AGG TCC ACG
TNF-α NM-0136932 F: ACC CTC ACA CTC AGA TCA TCT T 

R: GGT TGT CTT TGA GAT CCA TGC
MIP-2 NM-0091402 F: TGT CAA TGC CTG AAG ACC CTG CC 

R: AAC TTT TTG ACC GCC CTT GAG AGT GG
iNOS NM-0109273 F: TCC TCA CTG GGA CAG CAC AGAATG 

R: GTG TCA TGC AAA ATC TCT CCA CTG CC
TLR 4 NM-0212972 F: CGC TTT CAC CTC TGC CTT CAC TAC AG 

R: ACA CTA CCA CAA CCT TCC GGC TC
CXCL 1 NM-0081763 F: TCA CCT CAA GAA CAT CCA GAG C 

R: ACT TGG GGA CAC CTT TTA GCA T
IL-6 NM-0311681 F: CAC AAG TCC GGA GAG GAG AC 

R: CAG AAT TGC CAT TGC ACA AC
IL-10 NM-0105482 F: TGC TAA CCG ACT CCT AGG AC 

R: CCT TGA TTT CTG GGC CAT GCT C
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formation of A.F. biofilm was inhibited (Figure 1c, p < .001, 
and p < .001, respectively). To validate the antifungal effect 
in vivo, the grinding fluid of infected corneas was plated and 
grown on Sabouraud solid medium on day 3 (Figure 2e). This 
showed that the number of fungi in the PUN400 group was 
significantly lower than in the PBS group (Figure 2f, p < .001, 
and p < .001, respectively).

We used the cell counting kit-8 (CCK- 8) to test cell viability 
for different concentrations of PUN in HCECs and murine 
macrophages (RAW264.7 cells). PUN showed no significant 
cytotoxic effect at 0 to 400 μg/mL for 48 hours (Figure 2a,b). 
RT-PCR was used to evaluate the mRNA expression in macro
phages with pretreatment of PUN. Data showed that A.F. 

stimulation could significantly increase the levels of mRNA 
expression of inflammatory factors including IL-1β 
(Figure 2c, p < .001), IL-6 (Figure 2d, p < .001), IL-10 
(Figure 2e, p < .001), TNF-α(Figure 2f, p < .00 1), MIP-2 
(Figure 2h, p < .001), and TLR 4 (Figure 2g, p < .001). With 
an increase in the concentration of PUN, the A.F-induced 
upregulation of mRNA levels was inhibited (Figure 2c, 
p < .001, p < .001 and p < .001, respectively; Figure 2d, 
p < .001, p < .001, and p < .001, respectively; Figure 2e, 
p < .001, p < .001 and p < .001, respectively; Figure 2f, 
p < .001, p < .001 and p < .001, respectively; Figure 2g, 
p < .001, p < .001 and p < .001, respectively; Figure 2h, 
p < .001, p < .001 and p < .001, respectively). ROS production 

a

d

b

e

ca

d

b

e

c

Figure 1. [(a)–(f)] Antifungal effect of PUN. The MIC50 of PUN was 125 μg/ml, and the MIC90 was 500 μg/ml (B). Fluorescent staining of A.F. suggested the fungal number 
fell when cultured with PUN (C). Biofilm formation was inhibited significantly by PUN at more than 250 μg/mL in vitro compared with PBS treatment, which was 
demonstrated by the absorbance values of crystal violet released from biofilm (D). A spiral and surface spread plate method was used to count viable A.F. on the cornea 
(E), and the results revealed that PUN significantly decreased the viable count of fungi (n = 6/group/time) (F). Data are mean ± SEM analyzed using one-way ANOVA.

a b c d

e f g h i

Figure 2. [(a)–(i)] Effect of PUN on the function of cell lines. The CCK-8 cell viability assay was performed on HCECs and RAW264.7 cells at 48 hours using different 
concentrations of PUN (0 ~ 400 μg/mL) (A, B). After PUN-pretreatment for 2 hours with or without A.F. stimulation for 8 hours, relative mRNA levels of IL-1β (C), IL-6 (D), 
IL-10 (E), TNF-α(F), TLR4 (G), and MIP-2 (H) were extracted from the cell lines (n = 6/group/time). With A.F. stimulation, the level of mRNA of these cytokines increased. 
After A.F stimulation and PUN-treatment, ROS first decreased and then increased. Increasing concentrations of PUN caused ROS production to decrease (I). Data are 
mean ±SEM analyzed using one-way ANOVA.
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was determined by a DCFH-DA fluorescence probe in macro
phages at seven distinct time points (0 h, 1 h, 2 h, 4h, 8 h,16 h, 
and 24 h). Without PUN-treatment, A.F. hyphae stimulated 
macrophages to produce ROS at the first 8 hours before ROS 
levels decreased. After different concentrations of PUN- 
treatment were used, the ROS level first decreased and then 
increased. At the same time point, with the increase in PUN, 
the A.F.-induced upregulation of ROS levels decreased 
(Figure 2i), indicating the anti-inflammatory and antioxidant 
effect of PUN in macrophages.

To illustrate PUN’s disease response, we used a slit lamp to 
take photographs of the PBS and PUN400 groups on days 1, 3, 
and 5 post-infection (p.i.). (Figure 3a). Photographs showed 
that the clinical score was significantly lower in the PUN group 
than that in the PBS group (Figure 3b, ns, p < .05 and p < .001, 
respectively). RT-PCR data showed that on day 5 p.i., treat
ment with 200 μg/ml PUN and 400 μg/ml PUN drops four time 
per day significantly inhibited A. fumigatus-induced upregula
tion of inflammatory factors including IL-1β (Figure 3c, 
p < .001 and p < .001, respectively), IL-6 (Figure 3d, p < .001 
and p < .001, respectively), TNF-α (Figure 3e, p < .05 and 
p < .001, respectively), CXCL1(Figure 3f, p < .001 and 
p < .001, respectively), and in particular, iNOS (Figure 3g, ns 
and p < .05, respectively). To confirm these data, IL-1β and 
TNF-αprotein were tested, and the results of Western blot 
confirmed the RT-PCR results (Figure 3i, p < .05 and 
p < .001; Figure 3h, p < .001 and p < .001, respectively).

We used flow cytometry and indirect immunofluorescence 
staining to explore the effect of PUN on macrophage infiltra
tion. The number and proportion of macrophages were tested 
by F4/80 stainings combined with fluorescent antibody label
ing and flow cytometry (Figure 4a). Flow cytometry data 
showed that treatment with PUN significantly reduced the 
number and proportion of macrophages in infected corneas 
at 3 days p.i. (Figure 4b, p < .001 and p < .001, respectively; 4 C, 
p < .05 and p < .001, respectively). Indirect- 

immunofluorescence staining demonstrated that the macro
phage (red) number was significantly reduced when treated 
with 200 μg/ml PUN at 3 days p.i, and the depth of infiltration 
was shallower than that in the PBS group (Figure 4d).

Discussion

Filamentous fungi are a common cause of visual impairment 
and blindness worldwide,1 especially in developing countries.2 

While the most common treatment of fungal keratitis is the 
application of antifungal medicine,8,26 due to the increase in 
fungal resistance, the use of pharmaceutical treatment alone is 
not ideal.27 PUN is a hydrolyzable tannin recognized to have 
both antifungal and anti-inflammatory functions.28 Our study 
showed that PUN had antifungal activity against A.F. in vitro 
and in vivo, indicating the protective potential of PUN in 
clinical antifungal therapy.

Calcoflour white stain showed that the branches and growth 
rate of A.F. decreased with increasing PUN.15 Hydrolyzable 
tannins (HT), of which PUN is the most bioactive, have anti
fungal activity and help exert the effect of fluconazon.28,29 The 
effect of PUN on C. albicans and C. krusei was examined by 
scanning and transmission electron microscopy and showed 
changes in fungal morphology and structure.17 Research has 
shown that PUNs act similarly to other HTs by having the 
protein-binding capability and forming irreversible interac
tions with nucleophilic amino acids leading to protein deacti
vation and loss of function.30 Proteins existing in surface- 
exposed adhesions, enzymes, receptors, and cell wall polypep
tides are probable targets in fungi.28,31 Our research also shows 
that PUN significantly inhibits biofilm formation, which plays 
a major role in fungal adhesion, growth, pathogenicity, resis
tance, and virulence.32,33 The inhibitory effect of PUN against 
S. aureus, Escherichia coli, and Candida albicans may also be 
related to it inducing protein precipitation and enzyme 
inactivation.34–36

a

b c d e

f g

h

i

Figure 3. [(a)–(i)] Inflammatory response after PUN-treatment in test corneas. Photographs were taken with a slit lamp of PBS and 400 μg/ml PUN treated mice on days 
1, 3, and 5 post infection (p.i.) confirmed reduced opacity after PUN treatment (A) and clinical scores were reduced significantly on days 3 and 5 p.i. in PUN vs. PBS 
treated mice (n = 6/ group) (B). Data are mean ±SEM analyzed using a two tailed student t test. Corneal mRNA levels of IL-1β(C), IL-6 (D), TNF-α(E), CXCL1(F), and iNOS 
(G) were reduced significantly after PUN treatment. Corneal protein expression levels of IL-1β(I) and TNF-α(H) were also significantly reduced at 5 days p.i. Protein and 
mRNA levels were also lower in the 400 groups compared with the 200 groups. Data are mean ±SEM analyzed ±SEM analyzed using one-way ANOVA (n = 6/group/ 
time).
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Our data suggested that classical inflammatory factors in 
fungal keratitis, such as mRNA and protein levels, were also 
significantly reduced after PUN treatment. At the same time, 
inflammation is a double-edged sword,37 and when in excess, it 
may lead to damage of corneal tissue and exacerbation of the 
clinical manifestations of fungal keratitis.38,39 PUN has 
a powerful anti-inflammatory effect and is widely used in 
Chinese medicine.40 Our results support previous studies that 
have shown that PUN plays an anti-inflammatory role in 
dental tissue, ex vivo skin, and in vitro models of the human 
intestine, bovine endometrial epithelial cells,37,41–43 and pro
vide evidence that PUN treatment is beneficial to fungal kera
titis outcomes.

Our previous studies have confirmed the important role of 
macrophages in the acute onset of acute inflammation.23 Our 
FCM and immunofluorescence data revealed that PUN reduced 
the number and proportion of macrophages in treated corneas 
and limited their infiltration depth. Experiments on RAW264.7 
were used to explore the effects of PUN on macrophages 
further. Previous studies have shown that PUN can affect 
macrophages’ secretion stimulated by LPS,40,44,45 but not by 
fungi. We found that PUN can limit inflammation by decreas
ing the essential inflammatory factor and ROS levels stimulated 
by fungi.46–51 PUN’s oxidative stress of human epidermal ker
atinocytes, foam cells, and NIH3T3 cells is also reduced.46–54 

Studies by Kim. Y have shown that PUN can inhibit LPS- 
induced Aβ1-42 generation through down-regulation of APP 
and BACE1 expression and directly bind to NF-κB subunit p50 
on neuro inflammation.55 Finally, PUN can upregulate the 
Nrf2-mediated pathway and enhance HO-1 expression, leading 
to a decrease in ROS generation and NO overproduction,10 

which indicates that PUN may exhibit its anti-inflammatory 
effects via mitochondrial function. However, further study is 
required to determine its exact anti-inflammatory mechanisms.

Conclusion

The results of this study confirm that PUN reduces fungal 
keratitis in mice. Its action against A.F. and its ability to inhibit 
inflammation by macrophages had also been demonstrated. 
These results will help provide new ideas for the treatment of 
Aspergillus fumigatus keratitis.
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