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Abstract: Emodin, a major bioactive extract of several Chinese herbs, has been shown to have a number of biologi-
cal activities including antiviral, anti-inflammatory, anti-tumor, anti-fibrosis etc. In the present study, we investigated
the effects of emodin as an anti-inflammatory agent on lipopolysaccharide (LPS) induced keratitis in Wistar rats.
Clinical score, slit-lamp microscope were used to determine corneal inflammatory response. Corneal structure was
observed by hematoxylin-eosin staining and transmission electron microscopy. Messenger ribonucleic acid levels
of tight junction protein and cytokines were determined by reverse transcription- polymerase chain reaction. The
activation of nuclear factor-kappa B (NF-kB) was detected with Western blot. We found that disorganized corneal
tissue and cellular structures were observed in keratitis rats and emodin could deduce inflammatory response and
improve corneal structure. Pretreated with emodin could up-regulate and down-regulate the mRNA expression of
occludin and Interleukin-6. The activation of NF-kB could be inhibited partly after emodin treatment. In conclusion,
emodin reduced corneal inflammation in LPS-induced keratitis in Wistar rats due to its capability of inhibition in

NF-kB activation.
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Introduction

Bacterial keratitis is a common and severe ocu-
lar infection and one of the key causes of blind-
ness and visual disability throughout the world
[1, 2]. Bacterial infections occurred in the cor-
nea after an injury or under other pathological
conditions may induce infiltration of inflamma-
tory cells, hamper the transparency of the cor-
nea and even cause permanent vision loss due
to scarring and perforation.

Many cytokines and inflammatory mediators’
genes expression increase in corneal tissue
during inflammation. The expression of cyto-
kines is regulated by special transcription fac-
tors. Nuclear factor-kappa B (NF-kB), a multi-
subunit transcription factor which rapidly acti-
vates the transcription of various cytokines and
chemokines, plays a critical role in the inflam-
matory response [3]. Numerous studies have
investigated the roles of NF-kB in ocular sur-
face disorders [4].

Emodin (1, 3, 8-trihydroxy-6-methyl-anthraqui-
none) is an anthraquinone and is the major
bioactive compound found in several Chinese
herbs. Emodin has been shown to have a num-
ber of biological activities, such as, anti-micro-
bial, anti-inflammatory, anti-viral, anti-fibrosis
and immunosuppressive [5, 6]. On molecular
level, it acts as a NF-kB inhibitor [7, 8]. In the
present study, the role of emodin as an anti-
inflammatory agent in the lipopolysaccharide
(LPS)-induced keratitis of rats was investigat-
ed.

Materials and methods
Rat model of LPS-induced keratitis

Wistar rats, 230 to 250 g of weight, were pur-
chased from the Animal Center of Shandong
University and housed in the same laboratory
conditions. All animals were maintained accord-
ing to institutional guidelines and the Associ-
ation for Research in Vision and Ophthalmology
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Statement for the Use of Animals in Ophthalmic
and Vision Research. Rats were randomly divid-
ed into inflammation, control and treatment
group, and were pretreated with nothing,
dimethyl sulfoxide and emodin 30 min before
LPS challenged respectively. Each rat was
anesthetized by intraperitoneal injection of 40
mg/kg pentobarbital sodium. Topical anesthe-
sia was also achieved with one drop of 0.5%
proparacaine in the right eye. Then the right eye
was wounded with three parallel abrasions
using a 26-gauge needle that only penetrated
the corneal epithelial cell layer, as described
previously [9], and a 10 pl aliquot containing 50
ug LPS was applied to each scarified cornea.
Rats were examined at different post-infection
periods to ensure that their eyes were similarly
infected and to monitor the course of disease.

Evaluation of cornel inflammation

Inflammatory response was evaluated with a
slit lamp microscope (Six Six Visual Inc. Suzhou,
China) at 1, 6, 12, 24 and 72 h after LPS chal-
lenged. Rat eyes were graded by using a scale
previously described by Girgis et al. [10]. O,
clear and normal; +1, readily detectable opaci-
ty; +2, dense opacity or opacity partially cover-
ing the entire corneal surface over pupil; +3,
dense opacity covering entire corneal surface
over pupil; +4, moderate to dense opacity cov-
ering entire corneal surface with corneal ero-
sion. Mean SLE scores were calculated by sum-
mation of the scores for each group of rat divid-
ed by the total number of rats graded at each
time point.

Histological examination

At different points following LPS treatment, 6
eyes randomly selected from each group were
enucleated and washed immediately in running
water, and then they were rinsed with physio-
logical buffer solution. Then the cornea was
excised from the eyeball at the limbus by a rou-
tine procedure. Each corneal specimen was
divided into two parts. One-half was subjected
to histological examination and the other to
transmission electron microscopic study. For
histological examination, corneas were fixed in
4% paraformaldehyde for 6 h and embedded in
paraffin by a routine procedure. Then consecu-
tive 4 ym sections were cut (Leica, Germany)
and routinely stained by hematoxylin and eosin
for light microscopy examination and evalua-
tion. The histological sections were examined
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and inflamed cells were count by 3 pathology
experts at the same time, and then gave a con-
sistent result for each section.

Transmission electron microscopy

For electron microscopic investigation, the cor-
nea was rinsed with 4°C PBS, and then fixed
for 2 h in cold 2.5% glutaraldehyde and then
for 2 h in 1% osmic acid (Wako Pure Chemical
Industries, Ltd, Japan). After extensively rinsed
with PBS, they were dehydrated in a graded
series of alcohol and embedded in Epon812
(Heidelberg Ltd, USA). Thin sections were pre-
pared and stained with uranyl acetate and lead
citrate. Specimens were observed and photo-
graphed with a H-7500 transmission electron
microscopy (Hitachi Ltd, Japan).

Reverse transcription-polymerase chain reac-
tion (RT-PCR) analysis

Total RNA was extracted from corneal tissue
using Trizol reagent according to manufactur-
er’'s indications. Concentration was detected by
measuring the absorbance at 260 nm. Reverse
transcription using primers was performed on
DNase-treated RNA. After RNase treatment,
phenol extraction, and precipitation, the resus-
pended cDNA was quantified by optical density.
B-actin was used as internal standard. The
primers used for PCR reactions were 5-AAG-
ATCCTGACCGAGCGTGG-3" and 5-CAGCACTGT-
GTTGGCATAGAG-3’ for B-actin; 5-ATACCACCC-
ACAACAGACCAGT-3’ and 5-GATGAGTTGGATG-
GTCTTGGT-3’ for Interleukin-6 (IL-6); 5-GCTCA-
GGGAATATCCACCTATCA-3' and 5-CACAAAGTT-
TTAACTTCC CAGACG-3’ for Occludin. The prim-
ers were designed and synthesized by Shang-
hai Sangon Biotech Co., Ltd. (Shanghai, China).
The PCR products were separated by agarose
gel electro-phoresis and photographed under
ultraviolet light following ethidium bromide
staining. Results were quantitated with a gela-
tine, image analysis system (Kodak System,
Japan) using ratios of target gene mRNA to
[B-actin’s.

Western blot analysis

Nuclear proteins were extracted from frozen
corneal tissue according to the manufacturer’s
instructions. Protein concentrations were det-
ermined and equivalent amounts of the sam-
ples (30 ug) were separated on 12% sodium
dodecyl sulfate-polyacrylamide gels. Separated
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Figure 1. Clinical manifestations of rat’s cornea (6 h). A: Transparent cornea in normal rat; B and C: Dense opacity
of cornea in the inflammation and the control group; D: Moderate opacity of cornea in the treatment group.

SLE scores
3]

1 6 12 24

Figure 2. Slit lamp examination scores for rats’ corneas. “Indicates a signifi-
cant difference from the inflammation group at P<0.01.

proteins were electro-transferred to a nitrocel-
lulose membrane (Millipore, Bedford, USA).
Membranes were blocked for 2 h with 5% non-
fat milk at room temperature, washed three
times with PBS, and then were incubated over-
night at 4°C with an antibody of NF-kB p65
(1:400; Neomarkers, USA) primary antibodies.
After three washes, membranes were incubat-
ed for 2 h at room temperature with horserad-
ish peroxidase (HRP)-conjugated secondary
antibody, then were washed twice with PBS at
room temperature. The immune complexes
were visualized by using of a Western blotting
detection reagent (Kodak System, Japan).

Statistical analysis

For statistical analysis, data are expressed as
mean * standard deviation (SD). An analysis of
variance (ANOVA factor) was performed to ana-
lyze the relationships within and between vari-
ables. A probability value of less than 0.05 was
considered significant.
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Effect of emodin on corneal
manifestations

Typical manifestations of
acute keratitis, such as
conjunctiva hyperaemia, co-
rneal edema, opacity and
infiltration, were observed in
LPS-induced keratitis mo-
del. Compared with the
rats in the inflammation
Time(h) group, there was not obvi-
ous changes of corneal
manifestations in rats of
the control group, while the
signs, symptoms and the slit
lamp examination scores of
the corneas significantly improved in emodin
pretreated rats before LPS challenged (Figures
1 and 2).

72

Effect of emodin on inflammatory cell invasion

Histochemical analyses of the sections indicat-
ed that an obvious infiltration of inflammatory
cells was observed in corneas of the inflamma-
tion group. The infiltration of inflammatory cells
in corneas of the inflammation group (Figure
3A). And the similar situation was presented
in the control group (Figure 3B). Most of the
inflammatory cells were polymorpho-nuclear
leukocytes and a few were lymphocytes or
monocytes (Figure 3A and 3B). Inflammatory
cells were decreased in corneas of the emodin
pretreated group (Figure 3C).

Effects of emodin on corneal structure

Normal rat cornea had a five-layer structure
and each layer arranged clearly. By transmis-
sion electron microscopy, the carpet of corneal
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Figure 3. H&E staining of rats corneal histological sections (200x). A large number of inflamed cells were present
in sections of the control group (A) and the inflammation group (B); cells decreased considerably after emodin pre-

treatment (C).

QOccludin mRNA
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Figure 4. Occludin mRNA expressions in corneas. “Indicates a significant dif-

ference from the inflammation group at P<0.01.

cellular microvilli, the cellular borders, intercel-
lular junctions and cellular structure were regu-
lar and complete. After challenged with LPS,
corneal structures were disorganized: unclear
structure with loose and fractured layers, irreg-
ular arrangement of the collagen fibers and
destruction of intercellular junction and extra-
cellular structure. There was no obvious differ-
ence in the number of the inflammatory cells
between the control group and inflammation
group rats, while pretreated with emodin could
lighten these damages.

Effect of emodin on tight junction proteins

The expression of occludin, one of the tight
junction proteins was detected with RT-PCR
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analysis. The occludin mRNA
were decreased in the inf-
lammation group (P<0.01),
and there was no difference
between the control and inf-
lammation group (P>0.05).
Compared with inflamma-
tion group, the expression
of occludin in the group pre-
treated with emodin was sig-
nificantly up-regulated at 1,
6, 12, and 24 h after LPS
administration (Figure 4).

Effect of Emodin on cyto-
kine expression

RT-PCR assays were used to

test the effects of emodin
on cytokine produced in rats’ corneas. IL.-6
MRNA expression levels were significantly
increased after LPS administration. Significantly
decreased levels of IL-6 mMRNA expression was
observed in corneas of treatment group than
those of the inflammation group at 1, 6, 12,
and 24 h after LPS administration, and the dif-
ference was significant (P<0.01). The expres-
sion of IL-6 mRNA was not different between
the control group and the inflammation group
(P>0.05) (Figure 5).

Effect of emodin on activation of NF-kB
The expression of p65 protein, the most stud-

ied member of NF-kB/Rel proteins, in cellular
nucleus, was detected for evaluating the NF-kB
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Figure 5. IL-6 mRNA expressions in corneas. “Indicates a significant difference

from the inflammation group at P<0.01.

activation. Western blot performed on extrac-
tion form LPS-infected corneas showed that a
significant p65 protein signal was observed in
corneas of the inflammation group especially
at 6 h after LPS administration. No significant
difference in expression of p65 protein was
detected between the control group and inflam-
mation group (P>0.05). The increased expres-
sion of p65 protein could be partly inhibited in
the group pretreated with emodin (P<0.01)
(Figure 6).

Discussion

Bacterial keratitis induced by Pseudomonas
aeruginosa is a rapidly progressive ocular dis-
ease, and often causes corneal perforation
within several days post-infection. Animal mod-
els of bacterial keratitis continue to be of value
in study of this disease and these models have
led to increased understanding of the mecha-
nisms of corneal inflammation during bacterial
keratitis [11-13]. LPS, a major component of
the cell wall of gram negative bacteria, is a key
factor in producing numerous cytokines and
causing inflammatory response in various tis-
sues, including cornea [13-15]. It is often used
to establish various animal models of inflam-
mation [16, 17]. In this study, LPS was dropped
to the scarified cornea to induce acute keratitis
by destroying the corneal epithelial barrier.
Typical manifestations of acute keratitis, such
as hyperemia, corneal edema and opacity were
observed in rat’s model, and the tissue and cel-
lular structures were found to be destroyed in
rats with LPS-induced keratitis.

The cornea protects the eye from insults
caused by all kinds of external factors, and an
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avascular and transparent
cornea is required for prop-
er vision. The integrity of the
corneal epithelium is the
first barrier defense to exter-
nal invasion and the guaran-
tee of corneal transparency.
Cell junction plays an impor-
tant role in the formation
and maintenance of epithe-
lial barrier and homeostasis
in many types of epithelia
including the cornea [18,
19]. Tight junctions, the
major apical structures in
epithelium and endotheli-
um, have been recently re-
ported to play important roles in barrier func-
tion by forming cell-to-cell contacts and sealing
paracellular pathway. Recent researches sug-
gested that emodin could promote the expres-
sion of occludin, a major component of the tight
junction, and attenuate inflammation, reduce
pancreatic paracellular permeability in rats
with acute pancreatitis [20, 21]. The effect of
emodin on corneal barrier function has not
been reported. In the present study, the role of
emodin as an anti-inflammatory agent in the rat
cornea was investigated using a LPS-induced
keratitis model. We observed that the typical
manifestations of acute keratitis were improved
in those rats pretreated with emodin. The
decrease of infiltration was in accordance with
the increased expression of occludin. Less
polymorphonuclear neutrophil infiltration and
lighter damages in corneas were observed in
the treatment group than those in the control
and inflammation group. So we think that emo-
din could reduce corneal inflammation and
maintain the normal cellular structure and tis-
sue condition in keratitis rats, and this anti-
infammatory effect might act through modula-
tion of the tight junction protein, maintenance
of the corneal barrier and reduction of the infil-
tration of inflammatory cells.

NF-kB is a ubiquitous transcription factor that,
through target genes, regulates key processes
such as inflammation, apoptosis, stress resp-
onse, wound healing, angiogenesis, and lym-
phangiogenesis [22]. NF-kB/Rel proteins con-
sist of p50, p52, c-Rel, RelB, and p65 (RelA).
The p65, the most commonly studied member,
interacts with NF-kB inhibitor protein (IkB) in
the cytoplasm [23]. Upon activation by various

Int J Clin Exp Med 2015;8(8):12382-12389
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Figure 6. NF-kB p65 protein expressions in corneas. “Indicates a significant

difference from the inflammation group at P<0.01.

types of pathological or physiological stimula-
tion, IkB is phosphorylated and degraded. The
p65 then translocates to the cellular nucleus
and regulate the transcription of NF-«kB target
genes [4]. Thus the expression of p65 protein in
cell nucleus could be used for evaluating the
activation of NF-kB. The transcription factor
NF-kB plays an important role in intracellular
signaling induced by LPS and is therefore a
potential target for new therapeutic approach-
es to inflammatory diseases. lIts inhibitors
intended to block NF-kB activity may be useful
as anti-inflammatory agents [24]. One of the
mechanisms of anti-inflammatory effects of
emodin has been shown to be the inhibitor of
NF-kB activation [25]. Here in the present study,
Western blot was used to test whether emodin
could inhibit the activation of NF-kB induced
by LPS in rats. Results indicated that emodin
could down-regulate the expression of p65
protein in corneas of rats with LPS-induced
keratitis. Therefore, anti-inflammatory effects
of emodin are exerted, at least in part, through
the inhibition of NF-kB.

Investigations showed that many cytokines
could elevate in pathological progress of kerati-
tis corneas, and this interrelated with the
degree of corneal injury directly. Gene expres-
sion of cytokines was known to be regulated by
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transcription factors such
as NF-kB. Emodin could
decrease the activation of
NF-kB and the levels of cyto-
kines [26, 27]. To investi-
gate whether the inhibitory
action of emodin on the
gene expression of IL-6 can
be induced through inacti-
vation of NF-kB, LPS was
used as inflammation induc-
ers in this study. Results
showed that the changes of
the inflammatory manifesta-
tions and infiltration degree
were in accordance with the
expression of IL-6 in corneal
tissue of keratitis rats, which
was considerably reduced in
emodin pretreated corneas.
Therefore, decrease in IL-6
expression with emodin was
most likely, responsible for
the decrease in infiltration
of neutrophils and improvement of corneal
damages.

__inflammation

group

control group

treatment

group

In summary, we demonstrated that NF-kB path-
way was up-regulated in a rat model of LPS-
induced keratitis and emodin could inhibit this
activation partly; pretreatment with emodin
could protect against corneal inflammatory
response, by reducing neutrophils infiltration
and cytokines production and protecting the
corneal epithelial barrier. Taken together, these
data together indicated that emodin reduce
corneal inflammation in LPS induced keratitis
in Wistar rats may due to its capability of inhibi-
tion in NF-kB activation.
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