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NoER . ABSTRACT

e8It ey e o) e Endoplasmic reticulum (ER) stress is one of important factors in pathophysi-
ology of fatty liver, infertility, gastric ulcer, and even cardiac disorders. Chlorogenic acid (CA) is an herbal

Received: 15 Nov 2023 compound with many antioxidant and anti-inflammatory properties. This study aims to evaluate the
Accepted: 16 Dec 2023 ¢ protective effectiveness of CA in reducing ER stress induced by tunicamycin (TM) in the heart of male
: C57/BL6 mice.
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[VETELE In this study, 36 male C57/BL6 mice were divided into six groups: Saline, Vehicle, CA, ER stress,
ER stress-CA 20 mg/kg and ER stress-CA 50 mg/kg. ER stress was induced by intraperitoneal injection of
TM. The CA was injected intraperitoneally one hour before TM injection. Thirty hours after TM injection,
the animals were sacrificed and a part of their heart was kept in 10% formaldehyde and another part

Keywords: :© was kept in -80°C.

Chlorogenic acid, En- : (5T The CA reduced GRP78 and Malondialdehyde levels, while total antioxidant capacity increased
doplasmic  reticulum : after CA administration. Decreased cross section of muscle fibers and increased interventricular wall
stress, Oxidative stress, thickness caused by ER stress were also improved.

Heart, Tunicamycin © [FIFEER The CA can improve histological and cellular changes caused by ER stress in the heart of male

C57/Bl6 mice by reducing oxidative stress and ER stress.
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Introduction

he endoplasmic reticulum (ER) is a main

organelle in folding newly synthesized

secretory and membrane proteins, lipid

biosynthesis, and calcium storage. Mis-

folding or unfolding of proteins occurs
during biosynthesis in the ER lumen. The accumulation
of unfolded or misfolded proteins in the ER can cause
“ER stress”. It can affect the fate of proteins, lipids, car-
bohydrates, leading to inflammation, apoptosis and many
disorders. Oxidative stress plays an important role in cre-
ating ER stress. Chlorogenic acid (CA), an ester of caf-
feic acid and 3, 4-dihydroxyphenyllactic acid, is one of
the main polyphenols with many health-promoting prop-
erties. Recent studies demonstrated that CA has anti-in-
flammatory, anti-oxidant, anti-diabetic, anti-cancer, anti-
neurodegenerative, anti-lipidemic and anti-hypertensive
activities. Given these beneficial effects, this study aims
to evaluate the effect of CA on improving cardiac histo-
logical changes and oxidative stress in male C57/BL6
mice with ER stress.

Methods

In this study, 36 male C57/BL6 mice, weighing 22-25
g, were kept at 21°C exposed to 12-hour light/dark cycle.
They had free access to fresh tap water and food. The ani-
mals were randomly divided into six groups of 6 includ-
ing: Saline (received normal saline), Vehicle (received di-
methylsulfoxide), CA (50 mg/Kg CA injection), ER stress
(2 pg/g Tunicamycin [TM] injection to induce ER stress),
CA 20 - ER stress (20 mg/kg CA injection 60 minutes
before TM injection), CA 50 — ER stress (50 mg/kg CA
injection 60 minutes before TM injection). The intraperi-
toneal administration was used in all groups.

Thirty hours after TM injection, the animals were an-
acsthetized with a mix of ketamine (100 mg/kg) and
xylazine (10 mg/kg). The abdomen excised via midline
incision and the heart removed. Apart of the it, was fixed
in 10% formalin for histopathological assessment and
the other half stored at freezer (-80°C) for cellular assess-
ment. For histological examination, the heart tissues were
dehydrated in ethanol series, cleaned in xylene series, em-
bedded in paraffin wax, cut into 5 um sections, mounted
on glass slides and stained with hematoxylin and eosin
dye (H&E stain). Photomicrographs and histological ex-
amination were taken using light microscope.
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Total RNA of frozen tissue samples was isolated using
the Trizol solution, according to the manufacturer’s in-
structions. The quantity and purity of the RNA samples
were measured by Nanodrop spectrophotometer. Com-
plementary DNAs (cDNA) were prepared from mRNA
templates for RT-PCR. The expression of each gene was
measured using the 2AACT method and compared to the
expression level of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) as an internal control. The levels of
Malondialdehyde (MDA) and total antioxidant capacity
(TAC) were assayed with the ELISA method. All data
were presented as Mean+SEM. Statistical analysis was
performed using one-way analysis of variance (ANOVA)
and Tukey’s test for multiple comparisons in SPSS soft-
ware, versionl8. In all analyses, the significance level
was set at 0.05.

Results

A single dose of TM resulted in ER stress and increased
GRP78 gene expression in the ER stress group compared
to the saline group; but GRP78 gene expression signifi-
cantly decreased in the CA 20 - ER stress group compared
to the ER stress group (P<0.05). ELISA findings also
showed a marked increase of MDA level in the ER stress
group compared to the saline group, while it significantly
decreased in the CA 20 - ER stress group. Also, the TAC
level significantly decreased in the ER stress group com-
pared to the saline group and administration of CA caused
a significant increase in the TAC level.

H&E staining results revealed the normal shape of heart
tissue in the saline and vehicle groups. Heart fibers rup-
ture and vessels rupture were seen in the ER stress group.
Also, muscle fibers cross section decreased and interven-
tricular thickness significantly increased. However, they
were improved in the preventive groups.

Conclusion

The administration of CA can result in reduced ER stress
and increased antioxidant capacity which can finally im-
prove the tissue structure of the heart. Therefore, it can be
suitable for the attenuation of ER stress and pathologic
effects in the mice heart.
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