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Abstract

Purpose: Aging is related to multiple and systemic
dysfunctions in the body, accompanied by metabolic
disorders and oxidative stress. Although studies are
revealing the role of endoplasmic reticulum (ER) stress in
aging-related pathologies, this relationship has not been
fully elucidated. In this study, it was aimed to reveal
changes in liver function, plasma lipids, and oxidative
stress markers due to aging and gender, and to investigate
how these parameters change with ER stress inhibitor
tauro-ursodeoxycholic acid (TUDCA) treatment.
Materials and Methods: Young (4 months old) and old
(24 months old) Wistar albino male and female rats were
used in the experiments. The administration of ER stress
inhibitor TUDCA was performed for 4 weeks (150
mg/kg/day, ip). Liver function markers (AST and ALT),
plasma lipids (LDL, HDL, TG and total cholesterol), and
oxidative stress biomarkers (malondialdehyde, (MDA) and
myeloperoxidase (MPO)) levels were measured in plasma
samples.

Results: ER stress inhibition with TUDCA decreased
AST levels, increased HDL value, decreased TG value, and
decreased MDA and MPO levels in the elderly. The effects
on some parameters varied depending on gender.
Conclusion: Considering the role of oxidative stress and
metabolic disorders in the pathogenesis of many age-
related diseases, it is thought that these results will
contribute to the development of treatment approaches
targeting ER stress inhibition in aging.
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Amag: Yaglanma vicutta coklu ve sistemik iglev
bozukluklari ile iligkilidir, bu durumlara metabolizma
bozukluklari ve oksidatif stres eslik etmektedir.
Endoplazmik retikulum (ER) stresinin yaslanmaya bagh
patolojilerdeki roliinti gésteren galismalar olmakla birlikte
bu iliski tam olarak aydinlatilamamistir. Bu c¢alismada,
karaciger fonksiyonu, plazma lipitleri ve oksidatif stres
belirteclerinin yaslanmaya ve cinsiyete bagl degisimlerinin
ortaya konmast ayrica bu parametrelerin  ER  stres
inhibit6ri tauro-ursodeoksikolik asit (TUDCA) tedavisiyle
nastl degistiginin arastirilmasi amaglanmistir.

Gereg ve Yontem: Deneylerde geng (4 aylik) ve yash (24
aylik) Wistar albino erkek ve disi sicanlar kullanddmustir. ER
stres inhibitérii olarak TUDCA uygulamast 4 hafta
suresince yapilmustir (150 mg/kg/giin, ip). Plazma
Srneklerinde  karaciger fonksiyon belirtegleri (AST ve
ALT), plazma lipitleri (LDL, HDL, TG ve total kolesterol)
ve oksidatif stres biyobelirteclerinin - (malondialdehit,

(MDA) ve miyeloperoksidaz ~ (MPO))  seviyeleri
Olctlmustiir..
Bulgular: Bu c¢alismada TUDCA ile ER stres

inhibisyonunun yaghlarda AST seviyelerini azattigr, HDL
degerini yikseltirken TG degerini distrdigia, MDA ve
MPO diizeylerini azalttigr gosterilmistir. Bazt parametreler
tzerindeki etkileri cinsiyete baglt olarak  degisim
gOstermistir.

Sonug: Oksidatif stres ve metabolik bozukluklarin yasa
baglt pek ¢ok hastaligin patogenezindeki rolii gz 6ntine
alindiginda; bu  sonuglarin  yaglanmada ER  stres
inhibisyonunu  hedef alan  tedavi yaklagimlarinin
gelistirilmesine katki sunacags disiintilmektedir.

Anahtar kelimeler: Yaslanma, endoplazmik retikulum
stresi, oksidatif stres, dislipidemi
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INTRODUCTION

The elderly population is increasing worldwide, and
many chronic diseases such as cardiovascular diseases
(CVD), diabetes mellitus, liver diseases, and chronic
kidney disease are common in the aging population.
Aging is one of the most important risk factors
associated with CVD. It is predicted that by 2030,
approximately one-fifth of the world population will
be 65 years or older and the prevalence of CVD will
increase exponentially’.

Aging induced dysfunctions in the body are
accompanied by lipid metabolism disturbance?.
Dyslipidemia is defined as high total cholesterol or
low-density ~ lipoprotein ~ (LDL)  cholesterol
concentrations or low levels of high-density
lipoprotein (HDL) cholesterol or apolipoprotein A-
13. In 25% of men and 42% of women older than 65
years have dyslipidemia, and available data suggest a
positive association between dyslipidemia and
increased CVD risk in the aged population*. It is
estimated that dyslipidemia is the cause of more than
half of coronary artery disease cases worldwide.
Several studies found a strong association between
serum cholesterol levels and the risk of developing
coronary artery disease 2. On the other hand, it has
been reported that aging increases oxidative stress
markers under dyslipidemic conditions>.

Oxidative stress is a component of many diseases,
from CVD to Alzheimer's disease and cancer. With
aging, the balance between reactive oxygen and
nitrogen species (RONS) and antioxidant defenses
that neutralize their negative effects is disrupted; as a
result, the amount of oxidative stress increases®’.
According to the oxidative stress theory of aging, age-
induced dysfunctions result from the accumulation of
RONS-induced damage®. Due to the important role
of oxidative stress in the pathogenesis of aging, it is
thought that antioxidant treatments may positively
affect the natural course of many aging-related
diseases.

The endoplasmic reticulum (ER) has many functions
including lipid biosynthesis, protein folding, calcium
storage and release. Disruptions in ER homeostasis
lead to protein misfolding or unfolding and
eventually ER stress. Thus, it causes the activation of
a signaling pathway called the ER stress response or
unfolded protein response (UPR). The UPR is
characterized by increased chaperones, degradation
of misfolded proteins, and decreased protein
translation. ER stress may increase with aging, and
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age-related  declines in these regulation
mechanisms®?. The altered ER stress response in the
elderly plays a role in the pathogenesis of many
diseases ranging from CVD to neurodegenerative,
metabolic, and inflammatory diseases!®-'2. The roles
of ER stress in the onset and progression of many
age-related diseases are quite complex and have not

yet been fully elucidated.

occur

While the aging process is characterized by tissue and
function reductions and the onset of age-related
diseases, it is not permanent and can be modulated
by a variety of genetic and environmental pathways.
One of these interventions may be the modulation of
cellular stress responses, including the UPR, in the
ER. Understanding how the UPR alters with age and
how it influences disease progress may open new
therapeutic avenues for the treatment of many age-
related diseases®.

The role of ER stress in many aging-induced diseases
has been demonstrated. However, the effect of ER
stress inhibition in the elderly has not been studied
yet. On the other hand, metabolic disorders and
oxidative stress are involved in the pathogenesis of
many age-related diseases and ER stress is associated
with  these parameters. Therefore, it was
hypothesized that inhibiting ER stress might have a
beneficial effect on age-induced disorders. The
gender-related variation of the effects of ER stress
has also not been revealed yet; therefore, it was
considered to investigate the possible gender
difference in the subjects examined in the study.

In this study, it was aimed to investigate the aging-
induced changes in liver enzymes, plasma lipids and
oxidative stress markers in gender-dependent
manner, as well as the changes in these parameters
with the ER stress inhibitor tauro-ursodeoxycholic
acid (TUDCA) treatment.

MATERIALS AND METHODS

Animals and procedure

All animal experiments were carried out in
accordance with "Guide for the Care and Use of
Laboratory Animals". Ethical approval was obtained
from Gazi University Animal Experiments Local
Ethics Committee for the experimental protocol of
the study (G.U.ET-21.058). All animal experiments
were performed by the author at Gazi University,
Faculty of Pharmacy.
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Young (4 months old) and old (24 months old)
Wistar albino male and female rats were used in the
experiments. TUDCA was applied as an ER stress
inhibitor. TUDCA was dissolved in physiological
saline and administered for 4 weeks (150 mg/kg/day,
ip, 4 weeks). The control groups were injected with
physiological saline in the same volume and duration.
Animals were divided randomly into 8 groups.

Groups:

Group 1: Young Female Control Group (n=6)
Group 2: Old Female Control Group (n=0)

Group 3: Young Female TUDCA Group (150
mg/kg/day, ip, 4 weeks) (n=8)

Group 4: Old Female TUDCA Group (150
mg/kg/day, ip, 4 weeks) (n=8)

Group 5: Young Male Control Group (n=06)
Group 6: Old Male Control Group (n=06)

Group 7: Young Male TUDCA Group (150
mg/kg/day, ip, 4 weeks) (n==8)

Group 8: Old Male TUDCA Group (150
mg/kg/day, ip, 4 weeks) (n=8)

At the end of TUDCA administration, animals were
sacrificed under ketamine and xylazine anesthesia.
Then blood samples were taken immediately from
the heart. The collected blood samples were
centrifuged at 3000 rpm for 15 minutes, and plasmas
wete separated. Plasma samples were stored at -80°C
for analysis.

Chemicals

Tauroursodeoxycholic acid (TUDCA) (CAS No.

14605-22-2) ~ was  obtained from  Zhejiang
Multipharma  Co., Ltd. company. Rel Assay
Diagnostics  kits were used in biochemical
examinations.

Biochemical analysis

Biochemical analyzes were carried out by experts in
the laboratories of Baran Medical Ind. Trade. Co.
Ltd. Plasma samples used in these
measurements.  Analyses were made using
colorimetric kits. The working principles for each
parameter are given below.

were

Aspartate aminotransferase (AST)

A standardized UV test was used. The following
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reaction is initiated by adding buffers onto the plasma
samples. AST is the enzyme that catalyzes the
equilibrium reaction.

a-ketoglutarate + L-aspartate <> L-glutamate +
oxaloacetate

In the second reaction catalyzed by malate
dehydrogenase, NADH was oxidized to NAD*. The
rate of reduction in NADH reflects the rate of
oxaloacetate formation and thus AST activity.
NADH was measured photometrically.

Oxaloacetate + NADH + H* <> L-Malate + NAD*
Alanine aminotransferase (ALT)

Optimized UV test according to IFCC (International
Federation of Clinical Chemistry and Laboratory
Medicine) was used. Transaminase reaction between
L-Alanine and 2-oxoglutarate was catalyzed by ALT.
Pyruvate was formed and reduced to lactate in the
presence of LDH. In the later reaction, NADH was
oxidized to NAD. The rate of decrease in NADH
was measured photometrically.

Total cholesterol

Cholesterol ester + H,O — Cholesterol + fatty acids
Cholesterol esters were converted into free
cholesterol and fatty acids by the action of cholesterol
esterase.

Cholesterol + O, — Cholestenone + H>O»
2H>O, + Phenol + 4-Aminoantipyrine
Quinoneimine dye + 4 HO

—

Cholesterol was converted by cholesterol oxidase to
cholestenone and hydrogen peroxide. The hydrogen
peroxide formed reacts with 4-aminoantipyrine and
phenol under the catalytic effect of peroxidase to
form a red dye. The color intensity indicates the
cholesterol concentration and can be determined
photometrically.

HDL Cholesterol

In the first step, LDL, VLDL, and Chylomicrons are
eliminated and converted into non-reactive
compounds under special conditions for reaction. In
the second step, HDL-Cholesterol color reaction is
created, and photometric measurement is performed.

LDL Cholesterol

In the first step, HDL, VLDL, and Chylomicrons are
eliminated and converted into non-reactive
compounds under the specific condition for the
reaction. Only LDI.-cholesterol color reaction occurs
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with the second reagent. The color intensity is
proportional to the LDL cholesterol concentration.

Triglyceride

Similar to the measurement of total cholesterol,
triglycerides in the sample form colored complexes,
which can be measured spectrophotometrically, by
cascading reactions.

Malondialdehyde (MDA)

The MDA level was measured by a method based on
the reaction with thiobarbituric acid (TBA) at 90-
100°C. The reaction was catried out at 90°C for 15
minutes at pH 2-3. One volume of plasma samples
and two volumes of cold 10% (w/v) trichloroacetic
acid were mixed, and the precipitate protein was
centrifuged. The supernatant was mixed with the
equal volume of 0.67% (w/v) TBA and induced in a
boiling water bath (100°C) for 10 minutes. It was
allowed to cool, then absorbance was read at 532 nm.

Myeloperoxidase (MPO)

In the kit used, MPO catalyzes the o-dianisidyl to the
colored o-dianisidyl radical using H2O». Increased
absorbance was monitored at 412 nm, and activity
was measured kinetically.

Statistical analysis

Statistical power analysis was performed with the
G*Power Version 3.1.9.4 (2019, Germany) program
to determine the sample size based on the data
obtained from published studies. In this study, the
minimum number of samples in each required group
was calculated as 6 by taking the effect size of 0.80
(using the Cohen criteria), alpha=0.05 and
power=0.95.

Normally distributed data are shown as mean
standard error (SEM). Before performing the test, it
was checked by the histograms of the data whether
the samples were normally distributed. GraphPad
5.01 (GraphPad Software, Inc., La Jolla, USA)
program was used for the histogram analyses. There
are no outliers and the data had normal distribution.
Therefore, the student t-test was found appropriate.
The unpaired test was chosen because the groups
were independent. An unpaired t-test (also known as
an independent t-test) is a statistical procedure that
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compares the means of independent groups to
determine if there is a significant difference between
them. Unpaited Student's t-test was applied using
GraphPad 5.01 (GraphPad Software, Inc., La Jolla,
USA) program for the statistical analysis of the
results. P-values less than 0.05 (P<0.05) were
accepted as statistically significant.

RESULTS

Two graphs are given for each parameter so that the
comparison of control and TUDCA, comparison of
old and young can be clearly seen.

AST values in young groups were not affected by
TUDCA administration. In elderly female and male
rats, TUDCA treatment significantly decreased AST
values (p<<0.05). When we looked at the effect of
aging, it was observed that AST levels increased with
age in both female and male control groups (p<<0.05).
In addition, eldetly female rats had higher plasma
AST levels than male rats (p<<0.05) (Figure 1).

ALT plasma levels did not change with TUDCA
administration. However, ALT levels were found to
be higher in older female rats and male rats than in
younger ones. The values in the female old TUDCA
group were also higher than the young group
(p<0.05) (Figure 1).

TUDCA administration significantly ~decreased
plasma LDL concentrations in young females and
males (p<<0.05). In aged female rats, LDL levels were
higher in the TUDCA-administered group (p<0.05).
Considering the changes that occur with aging, it was
observed that LDL levels were higher in both elderly
female rats and elderly male rats who were treated
with TUDCA compared to the young groups
(p<0.05). LDL levels were also found to vary
according to gender. LDL values in the old and young
male control groups were significantly higher than in
the females (p<<0.05) (Figure 2).

HDL cholesterol values did not change with TUDCA
administration in young animals. TUDCA treatment
increased HDL levels in aged female rats (p<<0.05).
Again, HDL values were higher in the older female
TUDCA group than in the younger female rats
(p<0.05) (Figure 2).



Cilt/Volume 47 Yil/Year 2022 Role of ER stress on liver functions and oxidative stress in aging

uiL

uiL

Ferale  Male  Farale Mok
— ‘ —

"

Figure 1. Change of AST and ALT values with TUDCA treatment according to aging and gender.

All results are shown as mean * standard error (SEM). *indicates statistically significant from control (p<0.05); #indicates statistically
significant from the young group receiving the same treatment (p<0.05); &indicates statistically significant from the female group of
the same age (p<0.05).
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Figure 2. Change of LDL and HDL values with TUDCA treatment according to aging and gender.

All results are shown as mean * standard error (SEM). *indicates statistically significant from the control group (p<0.05); #indicates
statistically significant from the young group receiving the same treatment (p<<0.05); & indicates statistically significant from the female
group of the same age (p<0.05).
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Figure 3. Change of total cholesterol and TG values with TUDCA treatment according to aging and gender.
All results are shown as mean * standard error (SEM). *indicates statistically significant from the control group (p<0.05).
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Figure 4. Change of MDA and MPO values with TUDCA treatment according to aging and gender.

All results are shown as mean T standard error (SEM). *indicates statistically significant from the control group (p<0.05); #indicates
statistically significant from the young group receiving the same treatment (p<0.05).
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TUDCA administration did not change the total
cholesterol values in either the young or the elderly
rats. In addition, there was no change in total
cholesterol values depending on gender and aging
(Figure 3).

TUDCA application caused a decrease in TG values
in all groups. This decrease was statistically significant
in young female rats, old female rats, and old male

rats (p<<0.05) (Figure 3).

It was observed that TUDCA treatment decreased
MDA concentrations in all groups. This decrease was
found to be significant in the young male, old female,
and old male groups (p<<0.05). MDA levels of female
and male animals showed a tendency to increase in
the elderly groups, but there was no statistically
significant difference (Figure 4).

Plasma MPO levels also decreased as a result of
TUDCA administration. MPO values of young
female, aged female, and aged male TUDCA groups
were significantly lower than control groups
(p<0.05). MPO values also showed changes with
aging. MPO wvalues in the female control, male
control, and male TUDCA groups were higher in the
elderly than in the young animals (p<<0.05) (Figure 4)

DISCUSSION

In this study, it has been shown for the first time that
ER stress inhibition with TUDCA has a beneficial
effect on liver function markers, plasma lipid profile,
and oxidative stress biomarkers in the elderly, and
these effects may vary depending on gender.

The aging process predisposes the liver to functional
and structural deterioration and metabolic risk!3.
Peripheral blood levels of biochemical markers such
as albumin, ALT, AST, and total bilirubin are
measured to evaluate liver function. Although ALT
and AST are used to measure liver injury in general
clinical practice, these enzymes are also the factors
associated with cardiovascular and metabolic
diseases!'®!>. Liver dysfunctions are associated with
the development of various metabolic diseases
through disturbances in glucose and lipid
metabolism, which are the basic physiological
functions of the liver!®!7. Some clinical studies show
reference ranges for ALT and AST values according
to age. While the upper limit of ALT increases with
age, it decreases for AST'S. There are also studies
showing that ALT levels decrease with aging!®. In the
previous clinical studies, it was observed that AST
and ALT enzyme levels change with age, while these
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changes increase or decrease according to parameters
such as gender, age, and health status of the
individual®. In a previous study, both ALT and AST
values increase with aging, similar to our results?!. In
our study, aminotransferases were used as
biomarkers of liver metabolic function. The results
showed that AST and ALT plasma levels showed an
increase with aging in both male and female control
groups, and AST levels are higher in the older female
group than that of males.

In addition, we found that TUDCA treatment
reduced the increased AST levels in the eldetly, but
did not make a difference in the young group. The
beneficial effect of TUDCA on liver functions in
different disease models has been demonstrated in
previous studies. Administration of TUDCA has
decreased ALT and AST levels in chemically induced
hepatotoxicity?>. TUDCA treatment has also been
shown to decrease ALT and AST values in patients
with liver cirrhosis?®. According to the results
obtained, it can be suggested that aging causes
deterioration in liver functions in male and female
rats in different degrees, while TUDCA treatment has
a curative effect.

Multiple dysfunctions that occur with aging are
accompanied by lipid metabolism disorders?.
Although studies have reported some potential
mechanisms based on animal experiments, the
underlying mechanisms of this age-related increase in
dyslipidemia are still unclear. Aging and gender are
two physiological factors that have a significant
impact on plasma lipid levels in various species?+?>.
In this study, it was found that aging did not
significantly change LDL, HDL, TG, and total
cholesterol levels, while LDL levels in the elderly
male control group were significantly higher than in
the female group.

The hepatocytes responsible for lipogenesis and
cholesterol biosynthesis are enriched with ER to
perform their numerous metabolic functions. The
ER in hepatocytes has an important capacity to adapt
to extracellular and intracellular changes, which
ensures the maintenance of vital hepatic metabolic
functions?. Diseases such as hyperlipidemia and
inflaimmation may play a role in the dysregulation of
hepatic lipid metabolism by disrupting hepatocyte ER
homeostasis?’. It has been shown that there is a direct
link between ER homeostasis and the transcriptional
regulation of metabolism, and ER stress is one of the
mechanisms underlying fatty liver disease?. It has
been suggested that ER stress is the cause or
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consequence of impaired lipid and glucose signaling,
inflammatory and cell death pathways, thus playing a
role in the development of different liver diseases?”?.
On the other hand, the effects of ER stress and ER
stress inhibition on lipid metabolism and lipid profile
in the aging have not been clarified yet. In this study,
the effect of ER stress inhibition by TUDCA in the
young and older rats showed differences according to
gender. TUDCA reduced LDL cholesterol levels in
young female and male rats; in addition, it reduced
TG levels in the young female group. TUDCA
increased HDL and LDL values in the aged female
group but decreased TG values in both genders.
When all the results are considered together, TUDCA
treatment appears to have positive effects on some
plasma lipids in both aged and young animals.
Moreover, these effects show differences depending
on gender.

Oxidative stress, which increases with aging, has been
known for many vyears and studied by many
researchers®-32, It is known that oxidative stress is
involved in the pathogenesis of many diseases
Interest in
searching for new antioxidant treatments in aging
remains up to date’’. There are many biomarkers

including aging-induced diseases.

used to measure the amount of oxidative stress>3.
MDA and MPO were chosen as oxidative stress
markers in this study. The oxidative stress hypothesis
of aging is based on the premise that age-related
functional losses result from the accumulation of
RONS-induced oxidative damage to macromolecules
(lipid, DNA, and protein), resulting in structural
damage®%. The enzymes such as MPO, nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase,
and lipoxygenase are endogenous sources of RONSS.
Polyunsaturated fatty acids (PUFAs), such as linoleic
and arachidonic acids, are particularly subject to lipid
peroxidation mediated by hydroxyl-peroxyl radicals.
Different reactive aldehydes such as MDA, trans-4-
hydroxy-2-nonenal (4-HNE), and isoprostanes are
produced depending on the type of PUFAs¥%, In
this study, MDA levels did not change with aging, but
plasma MPO levels were found to be significantly
higher in both female and male old groups compared
to young groups. The increase in MPO value was
interpreted as an increase in oxidative stress due to
aging. On the other hand, ER stress inhibition by
TUDCA decreased both MPO and MDA
concentrations in the elderly rats of both genders.
TUDCA significantly decreased MPO levels in young
female rats and MDA levels in young male rats. Our
results indicate that ER stress inhibition has a
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reducing effect on oxidative stress in both the aged
and young rats. There are a limited number of studies
pointing out the relationship between ER stress and
oxidative stress’>#. Further research is needed to
elucidate the mechanisms underlying this interaction
in aging.

As a conclusion, it has been demonstrated that the
inhibition of ER stress with TUDCA has beneficial
effects on liver function and oxidative stress
parameters in the eldetly, and these effects may differ
depending on gender. It is known that oxidative
stress and metabolic disorders play a role in the
formation of many age-related diseases. Therefore, it
can be thought that the results obtained from this
study may contribute to the new approaches in the
treatment of ER stress. Furthermore, considering the
gender factor in the older population may develop
treatment strategies.

Limitations: In this study, new findings were
revealed, but these parameters could not be examined
in detail. Further research is needed to elucidate the
mechanisms underlying the effects of ER stress
inhibition by TUDCA.
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