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Melatonin inhibits the inflammation and
apoptosis in rats with diabetic retinopathy

via MAPK pathway
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Abstract. - OBJECTIVE: To investigate the
effect of melatonin on diabetic retinopathy rats
through the mitogen-activated protein kinase
(MAPK) pathway.

MATERIALS AND METHODS: A total of 48
Sprague Dawley (SD) rats were randomly di-
vided into normal group (n=12), model group
(n=12), melatonin group (n=12), and inhibitor
group (n=12). The rats in normal group received
no treatment. Those in model group, me
group, and inhibitor group were prepa
to models of diabetic retinopathy and intra
toneally injected with normal saline, melatd
and SB 203580, respectively. After 7 days o
tervention, the materials were : d
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p- p38 MAPK and

spase-3 in melatonin group
ere significantly lower than

that in er three groups, while the mR-
expression of Bcl-2 was significantly high-
al group than that in the other three

melatonin group, and |nh|b|tory group showed
clearly declined mRNA expression level of Bax
and notably increased mRNA expression level
of Bcl-2 (p<0.05). TUNEL results revealed that
the apoptosis rate was remarkably elevated in
the other three groups compared with that in
normal group (p<0.05). In comparison with mod-
el group, melatonin group and inhibitor group
exhibited significantly reduced apoptosis rate
(p<0.05).

CONCLUSIONS: Melatonin inhibits the inflam-
mation and apoptosis in rats with diabetic reti-
nopathy by repressing the MAPK pathway.
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Introduction

Diabetes, one of the most common endocrine
diseases in clinical practice, often leads to many
complications, including diabetic nephropathy,
diabetic retinopathy, and diabetic foot"?. These
complications, especially diabetic retinopathy,
severely affect the health of humans. Diabetic
retinopathy refers to retinal destruction and optic
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nerve cell damage due to long-term hyperglyce-
mia and is characterized by symptoms such as
visual loss or even blindness. This leads to the
loss of labor capacity of patients, has a severe
influence on life health and quality of life of pa-
tients, and aggravates the economic burden of the
patient family and society>*.

With the in-depth study of diabetic retinopa-
thy, researchers have discovered that inflamma-
tion and apoptosis are important pathological pro-
cesses of diabetic retinopathy, which often lead to
apoptosis and necrosis of optic nerve cells, thus
affecting repair after retinal injury and resulting
in visual loss or even blindness in patients>®.
Therefore, how to regulate the inflammation and
apoptosis in diabetic retinopathy becomes a new
direction and a new thought for the treatment of
diabetic retinopathy. Mitogen-activated protein
kinase (MAPK) signaling pathway, one of the
important cells signaling pathways, exerts an im-
portant regulatory role in pathological processes,
including cell proliferation, apoptosis, necrosis,
and inflammation. Under an injured environ-
ment, the intracellular MAPK 51gnahng pathway
is activated by the release of massive cytqlse
and inflammatory factors, leading to the
tion of various downstream regulatory
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Laboratory Reagents and Instruments
Streptozotocin (Sigma-Aldrich, St. Louis, MO,

USA), p38 MAPK inhibitor SB 203580

Monmouth Junction, NJ, USA), prirg

otein (Bax)
; emﬁc pro-

antibody, anti-Bcl-2-associated
antibody, anti-cysteinyl asparta
teinase-3 (Caspase-3) antibo

zyme-linked
kit (Boster, Wuhan

) apoptosis detection
MO, USA), optical

orescence qPCR instrument
Biosystems, Foster City, CA,
image analysis system, and
nalysis system (Bio-Rad; Her-

injected into the rats via the abdominal cavity at
a dose of 60 mg/kg. After 3 days, the tail vein
blood was collected from the rats to detect blood
glucose and the blood glucose >16.7 mmol/L sug-
gested successful modeling.

Processing of Rats in Each Group

The rats in normal group were raised normally
and underwent no treatment. Those in model
group were prepared into diabetic retinopathy
models, given the same amount of normal sa-
line via an intraperitoneal injection and killed.
In melatonin group, the rats were prepared into
models of diabetic retinopathy and intraperitone-
ally injected with melatonin at the dose of 10 mg/
kg-d. The rats in inhibitor group were prepared
into diabetic retinopathy models and received
intraperitoneal injection of inhibitor SB 203580
at 100 mg/kg-d. Then, (1 h later) melatonin at
10 mg/kg-d. The intervention was performed for
successive 7 days. Next, materials were collected.

Collection of Materials

Materials were taken after 7 days of inter-
vention. Blood samples were collected from
abdominal aorta of all rats after successful
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anesthesia and centrifuged. Subsequently, the
serum was collected for ELISA. 6 rats in each
group were subjected to perfusion fixation with
paraformaldehyde and retinal tissues were tak-
en and fixed in 4% paraformaldehyde solution
at 4°C for 48 h. Next, paraffin tissue sections
were prepared for immunohistochemistry and
TUNEL detection. As to the remaining 6 rats,
retinal tissues were taken directly and placed
in Eppendorf (EP) tubes (Eppendorf, Hamburg,
Germany) for Western blotting and qPCR de-
tection.

Immunohistochemistry

Paraffin-embedded tissues were prepared in-
to sections (5 pm in thickness), placed in warm
(42°C) water for spreading, scraping and bak-
ing, and prepared into paraffin tissue sections.
Then, the paraffin tissue sections were sequen-
tially immersed in xylene solution and gradi-
ent alcohol for conventional deparaffinization.
Thereafter, the above sections were soaked in a
citric acid buffer and heated in a microwave for
3 times (3 min of heating + 5 min of simmer/
time) for fully antigen retrieval. After thag
sections were rinsed, and endogenous f
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mens for 10 min of blocking, rinsed, and a§
dropwise with goat serum for blocking fo
min. Next, the goat serum blasss

primary Bax antibody
a refrigerator at 4°
day, the specimens
the secondary
of incubation.
thoroughly

ces anti-bigsi

with dropwise
AB), counter-

Western Blotting
The retinal tissues cryopreserved were added
with lysis solution, subjected to ice-bath for

(Pierce, Rockford, IL, USA). T
detected using a microplat

which protein concentr
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tured and separated
phate-polyacrylangh
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re, Billerica, MA,

. , primary anti-p38 MAPK
ibody (1:1000primary anti-p-p38 MAPK
rimary Caspase-3 antibody
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QOPCR Assay

Total ribonucleic acids (RNAs) were extract-
ed and reversely transcribed into complementa-
ry deoxyribose nucleic acids (cDNAs) using the
reverse transcription kit. The reaction system
was 20 uL. The reaction conditions: reaction at
51°C for 2 min, pre-denaturation at 96°C for 10
min, denaturation at 96°C for 10 s, and anneal-
ing at 60°C for 30 s, for 40 cycles. With glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH)
as an internal reference, the relative expression
level of related messenger RNAs (mRNAs) was
calculated. The primer sequences are shown in
Table I.

Primer sequence

Forward primer: 5-TCCACCAAGAAGCTGAGCGAG-3’
Reverse primer: 5’-GTCCAGCCCATGATGGTTCT-3’
Forward primer: 5’-CCTCGTGCTGTCGGACCCATA-3’
Reverse primer: 5’-CAGGCTTGTGCTCTGCTTGTGA-3’
Forward primer: 5~ ACGGCAAGTTCAACGGCACAG-3’
Reverse primer: 5’-GAAGACGCCAGTAGACTCCACGAC-3’
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Detection of Apoptosis by TUNEL non-parametric test for the data not in line with
Apoptosis in brain tissues was detected in normal distribution and homogeneity of vari-
accordance with the instructions of the TUNEL ance. Rank sum test was employed for ranked

apoptosis detection kit. data, and chi-square test was adopte
meration data.
ELISA
Abdominal aorta blood was collected and cen-
trifuged, and the serum was taken. The ELISA
kit was used for the following procedures: sample
loading, addition of standard, biotinylated anti-
body working solution, enzyme conjugate work-
ing solution, plate washing, and determination at
450 nm using the microplate reader according to
the instructions.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 software (IBM, Armonk, NY, USA)
was utilized for statistical analysis. Enumeration
data were expressed as mean =+ standard devia- astically significant differenc-
tion. Comparison between multiple groups was ared with those in model
done using One-way ANOVA test followed by tical density of Bax positive
Post Hoc Test (Least Significant Difference). i i
The #-test was used for the data in line withas
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R v
b \ % ¥ «*
- ) ‘t‘f. .:’ ‘
» - y 2l y
. " ‘$ ’;
L “=x . ._
i 4 ; @ UR;
o 7 i B
» / 0 ’ 1 | | ‘.. ‘_)
' y

Normal AModeI . Melatonln Inhlbltof
group group group group

Figure 1. Results of immunohistochemistry (x200).
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Figure 2. Mean optical density of positive expression.
Note: p<0.05 vs. normal group, *p<0.05 vs. model group.

significant differences in the mean optical den-
sity of Bax positive expression and that of Bcl-2
positive expression between melatonin
and inhibitor group (p>0.05).

Protein Expressions of p38 MAPK
and p-p38 MAPK Detected via
Western Blotting
According to Figure 3, a
p38 MAPK protein was exp
and fewer protein expreg
and Caspase-3 were
while more protein

Model
group

Melatonin Inhibitor
group group

Normal
group

Figure 3. Relevant protein expression detected through
Western blotting.
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Relative protein expression

in expression levels in each group.
group, “p<0.05 vs. model group.

sions of p-p38 MAPK and Caspase-3
edly higher in the other three groups
than those in normal group, and the differences
were of statistical significance (p<0.05). Com-

pared with model group, melatonin group and

inhibitor group displayed notably declined rel-
ative protein expression levels of p-p38 MAPK
and Caspase-3, showing statistically significant
differences (p<0.05). No statistically significant
differences were detected in the relative protein
expression levels of p-p38 MAPK and Caspase-3
between melatonin group and inhibitor group
(p>0.05).

Related MRNA Expressions
Detected by OPCR

As shown in Figure 5, the relative mRNA
expression level of Bax was significantly higher
in the other three groups than in normal group,
while the relative mRNA expression level of
Bcl-2 was distinctly lower than that in normal
group, displaying statistically significant differ-
ences (p<0.05). Compared with those in model
group, the relative mRNA expression level of Bax
was overtly decreased, while the relative mRNA
expression level of Bel-2 was markedly elevated
in melatonin group and inhibitor group, and the
differences were statistically significant (»p<0.05).
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Figure 5. Relative mRNA expression levels in each group.
Note: p<0.05 vs. normal group, *p<0.05 vs. model group.
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nopathy”'°. Diabetic retinopathy affects the reti-
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na and optic nerve cells, often leading to visual
loss, blurred vision, or even blindness in patients.
Therefore, diabetic retinopathy is recognized as
one of the important blinding diseases. Current
reports on diabetic retinopathy have manifested
that the pathogenesis of diabetic retinopathy is
very complex and remains unclear. However, it is
clear that inflammation and apoptosis are one of
the important pathological responses in diabetic
retinopathy, which are able to further exacerbate
the damage to the retina and the apoptosis and ne-
crosis of the optic nerve cells. Also, they are not
conducive to the repair of diabetic retinopathy.
Currently, it is believed that as an important cell
signal transduction pathway, MAPK is closely
related to the inflammation and apoptosis in dia-
betic retinopathy rats by regulating the apoptosis,
autophagy, inflammation and other related patho-
logical reactions''>. The MAPK signaling path-
way, an important signal transduction pathway,
includes p38 MAPK, JNK, and ERK, among
which it is known that p38 MAPK, a MAPK, has
close correlations with stress responses and in-
flammatory reactions and is considered to partic-
ipate in many physiological and pathologic
sponses of the body. Also, it can be closely
to the pathogenesis of many diseases'"
MAPK is capable of participating in the d
opment and progression of 1nﬂarnrnat10n in &
of i 1n]ury, which can aggravate Logams
after injury to form a vicioug
bate the disease. After the j
of inflammatory factors 3

MAPK enters
downstream

IL-1p and IL-18,
d Bcl-2 closely

sis effector protein Caspase-3
tion and apoptosis'’'®.
that the activation of

ing the MAPK pathway to
inflammatory responses after

suppressor gene) was evidently lowered, and the
protein expression level of Caspase-3 (an apopto-

sis effector protein) was significantly increased.
Massive cells were apoptotic, indicating that se-
vere apoptosis occurs in the retina of rats_with
diabetic retinopathy. Apoptosis is 03

of inflam-
elevated in

inopathy. Besides, the serum cong
matory factors IL-1p and IL-18

remarkable inflammation.
melatonin, the serum co

has good anti-inflamma-
cts. To further investi-

e protein expression of p-p38
of rat models of diabetic ret-
cantly increased, indicating
signaling pathway is activat-
one of the possible causes of the
gaflammation and apoptosis in the retina of rat
diabetic retinopathy Melatonin overtly
e protein expression of p-p38 MAPK
and had similar effects to those of p38 MAPK in-
hibitor, implying that melatonin effectively sup-
presses the activation of the p38 MAPK pathway
in the retina of rat models of diabetic retinopathy.

Conclusions
We showed that melatonin represses the in-

flammation and apoptosis in rats with diabetic
retinopathy by inhibiting the MAPK pathway.
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