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Aim: To evaluate levels of the endoplasmic reticulum (ER) stress markers GRP78 and CHOP in acute mesenteric
ischemia (AMI) and to examine relations with degrees of AMI-related intestinal injury.
Materials and methods: Twenty-four rats were divided into four groups. Group I and Group III represented the
control groups, fromwhich blood and tissue specimenswere collected 2 and 6 h after laparotomywithout supe-
rior mesenteric artery (SMA) ligation. Group II and Group IV constituted the ischemia groups, from which blood
and tissue specimens were collected 2 and 6 h after SMA ligation. The ER stress markers GRP78 and CHOP, total
oxidant status (TOS), total antioxidant status (TAS), and the oxidative stress index (OSI) were investigated in
each group. Ileum specimens were assessed in terms of ischemic injury, and appropriate comparisons were per-
formed.
Results: Significantly higher GRP78, CHOP, TOS, and TAS values were determined in the ischemia groups (groups
II and IV) compared to the control groups (groups I and III). This elevation was greater in the 6 h ischemia group,
the group exposed to the greatest ischemic injury (Group IV). Significant and powerful correlation was present
between histopathological damage and levels of the ER stress markers and oxidative markers.
Conclusion: According to our results, ER stressmarkers (GRP78 and CHOP) increase significantly following ische-
mic injury. This elevation has the potential to be used diagnostically and also in prognostic terms due to the pow-
erful correlation it exhibits with AMI-related ischemic injury.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Acute mesenteric ischemia (AMI) is a potentially fatal vascular
emergency in which urgent diagnosis and treatment are essential if
mesenteric blood flow is to be restored and intestinal necrosis avoided
[1]. Diagnosis relies upon a high degree of clinical suspicion. The pri-
mary clinical aim is to prevent the development of ischemia and
necrosis-associated complications, such as peritonitis [2]. Signs of peri-
tonitis being observed at physical examination indicate a strong proba-
bility of irreversible intestinal ischemia with bowel necrosis [3].
Mortality and morbidity can be significantly lowered by prompt
diagnosis before the onset of peritonitis and surgical or endovascular
treatment [4]. The identification of a biomarker indicating early
iversity, Faculty of Medicine,
ey.
di).
hypoperfusion in AMI before the onset of irreversible intestinal damage
would therefore represent a major clinical advance. However, no stan-
dardized blood tests or biomarkers capable of screening for AMI in pa-
tients presenting with acute abdominal pain are currently available [5,
6]. Contrast computerized tomography (CT) angiography represents
the gold standard imaging modality in AMI. CT findings in AMI may be
specific or non-specific in character. AMI may still be present even if
ischemia-specific CT findings are absent, and non-specific intestinal CT
findings may be overlooked at CT examination in the absence of clinical
suspicion of AMI [7]. An ideal marker capable of application in the diag-
nosis of AMI and of guiding these diagnostic algorithms is therefore
needed.

The endoplasmic reticulum (ER) is an organelle containing chaper-
one proteins and enzymes responsible for protein folding. Accumula-
tion of unfolded or misfolded proteins in the ER is a cellular response
emerging in case of impairment of ER homeostasis, and is defined as
ER stress [8]. Conditions such as ischemia, neurodegenerative diseases
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and diabetes lead to protein accumulation and toxic effects in the cell in
association with ER stress [8, 9]. ER stress has been shown in ischemic
cardiac and neurological diseases, neurodegenerative diseases, sepsis,
various cancers, inflammatory bowel diseases involving intestinal dam-
age, and in renal diseases. Glucose-regulated protein 78 (GRP78) and C/
EBP homologous protein (CHOP) are contemporary, novel biomarkers
reflecting ER stress. Studies have concluded that GRP78 and CHOP levels
may beuseful in diagnosis and prognosis in diseases involving increased
ER stress [10-16]. To the best of our knowledge, no previous studies
have investigated ER stress in AMI or the diagnostic value of markers
showing ER stress.

The purpose of this study was to evaluate levels of the ER stress
markers GRP78 and CHOP in an experimentally induced model of AMI
and to investigate correlation with degrees of AMI-related intestinal in-
jury. This will be indicative of whether levels of GRP78 and CHOP can be
used as biomarkers in the early diagnosis and prognosis of AMI.

2. Materials and methods

2.1. Study design

This randomized, controlled, non-blinded interventional animal
study commenced following receipt of approval from the Karadeniz
Technical University Medical Faculty Animal Experiments Ethical
Committee.

2.2. Setting and population

Twenty-four Sprague-Dawley rats, weighing 350–400 g and aged
3–4 months, bred in the … Surgical Practice and Research Center, and
selected on a random basis were assigned into four groups containing
six animals each. The rats were housed in individual cages at 22 ± 1
°C, in a light (12-h dark:light) and humidity controlled environment,
with access to water and standard rat chow. Water only was allowed
during the final 12 h prior to the study.

2.3. Study protocol

The 24 rats in the studywere numbered fromone to 24 and random-
ized into six-member groups using the closed envelopemethod. Group I
(n = 6) underwent laparotomy only, and was monitored without liga-
tion of the superior mesenteric artery. Blood and tissue specimens were
collected after 2 h. In Group II (n= 6), experimentally induced mesen-
teric ischemia was established following laparotomy and ligation of the
superior ischemic artery using silk 5/0 surgical suture, and blood and
tissue specimens were collected after 2 h. In Group III (n = 6), blood
and tissue specimens were collected after 6 h, following laparotomy
without ligation of the superior ischemic artery. In Group IV (n = 6),
mesenteric ischemia was induced following laparotomy with ligation
of the superior mesenteric artery, and rats were subjected to ischemia
for 6 h. Blood and tissue specimenswere then collected. The experimen-
tal protocol employed was produced from previous experimental AMI
studies in the literature [17, 18]. Necrosis in themucosal villus develops
3–4 h after the onset of ischemia in AMI, and transmural, mural or mu-
cosal infarction develop within 6 h. We therefore selected 2-h and 6-h
time points after onset of in order to reflect the early and relatively
late periods [2, 19].

General anesthesia was administered to all rats during the experi-
ment with intraperitoneal 50 mg/kg ketamine and 5 mg/kg xylazine.
Superiormesenteric artery ligation for induction ofmesenteric ischemia
was applied to the aortic bifurcation.

2.4. Laboratory analysis

Blood specimens were collected from the abdominal aorta. These
were then placed into appropriate tubes and centrifuged for 10 min
at 1800 ×g, and the separated sera were used for biochemical
measurements.

The ER stress markers GRP78 and CHOP were determined from bio-
chemical measurements. TAS, TOS, and OSI frequently used in previous
studies concerning the diagnosis of AMIwere also calculated fromblood
specimens [18, 20].

2.4.1. Determination of GRP78 levels
GRP78 levels in serum specimens were determined using sandwich

ELISA kits with two antibodies (SunRed, Catalog No: 201–11-0992,
Shanghai, China) in line with the manufacturer's instructions.

2.4.2. Determination of CHOP levels (DDIT3; DNA-Damage-Inducible Tran-
script 3)

CHOP levels in serum specimens were determined using sandwich
ELISA kits with two antibodies (SunRed, Catalog No: 201–11-4608,
Shanghai, China) in line with the manufacturer's instructions.

2.4.3. Total Oxidant Status (TOS) determination
TOS values in serum specimenswere determined using colorimetric

kits (Rel Assay Diagnostics, Catalog No: RL0024, Gaziantep, Turkey) in
accordance with the manufacturer's instructions. The results were
expressed as μmol H2O2 equivalent/L (micromol H2O2 equivalent/L).

2.4.4. Total Antioxidant Status (TAS) determination
TAS values in serum specimens were determined using colorimetric

kits (Rel Assay Diagnostics, Catalog No: RL0017, Gaziantep, Turkey) in
accordance with the manufacturer's instructions. The results were
expressed as μmol trolox equivalent/L (micromol trolox equivalent/L).

2.4.5. Oxidative Stress Index (OSI) calculation
OSI values in serum specimens were calculated using the formula

OSI = [(TOS, μmol H2O2 equivalent/L) / (TAS, mmol trolox equivalent/
L)] × 100 [21].

2.5. Histopathological analysis

The ileum was resected in all rats from all groups. One-centimeter
sections were collected for histopathological analysis. Specimens were
placed into numbered cassettes containing 10% neutral formaldehyde
solution for light microscopic examination, and were fixed in this
solution for 48 h. Following dehydration and clearing, they were em-
bedded in paraffin blocks, from which 5 μm (μm)-thick sections were
taken using a fully automatic microtome (Leica RM2255, Tokyo,
Japan). Ileumpreparates fromall groupswere stainedwith hematoxylin
and eosin (H&E). Histopathological analysis was performed by an
experienced histologist blinded to the study groups. Histopathological
examination of preparates was carried out by analyzing five different
areas at ×200 magnification using a light microscope (Olympus, BX51,
Japan) with an attached camera (Olympus, DP71, Japan) in the
Karadeniz Technical University Medical Faculty Histology and Embryol-
ogy Department. Each area was scored semi-quantitatively between 0
and 3 in terms of inflammatory cell infiltration, hemorrhage, villous
fusion, villous apical surface epithelial degeneration, and vascular con-
gestion; 0, none; 1, mild; 2, moderate, and 3, severe [22].

2.6. Statistical analysis

The data obtained in the study were analyzed on SPSS 23 (IBM, SPSS,
Armonk, NY, US) andMedCalc (MedCalc Software,Mariakerke, Belgium)
software. Compatibility with normal distribution of numerical data in a
data set was assessed using the Shapiro-Wilk test. Student's t-test was
used for two-group comparisons of normally distributed numerical
data. ANOVA and the Tukey test for Bonferroni correction were used
for multiple group comparisons of normally distributed numerical data.
The Mann-Whitney U test was used in two-group comparisons of non-
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normally distributed numerical data, while Kruskal Wallis analysis of
variance and the Mann-Whitney U test for Bonferroni correction were
used in multiple group comparisons. Since biochemical parameters
were normally distributed, Pearson's correlation analysiswas used to de-
termine relations between these parameters, while Spearman's correla-
tion analysis was used to determine relations with histopathological
damage scores, which were not normally distributed. p values b0.05
were regarded as statistically significant.

3. Results

Biochemical measurements and histopathological damage scores for
the various groups in our experimentally-induced AMI model are
shown in Tables 1 and 2 and Fig. 1.

Our histopathological examination results show that the experimen-
tal AMI model was successfully established. Significantly greater histo-
logical damage was observed in ileum tissue in the 2-h and 6-h
ischemia groups (groups II and IV) compared to the control groups
(groups I and III). This damage was highest in Group IV, which was ex-
posed to AMI for a longer (6 h) period. There was no statistically signif-
icant difference between the control groups (groups I and II) in terms of
histological damage. Moderate villous fusion and mild inflammatory
cell inflammation, villous epithelium degeneration, hemorrhage, and
vascular congestion were observed in ileum tissue in Group 1. In
Group II, we observed moderate inflammatory cell inflammation in
ileum tissue and moderate-severe villous fusion, degeneration in the
villous epithelium and vascular congestion. In Group III, mild-
moderate inflammatory cell inflammation and villous fusion and mod-
erate hemorrhage, degeneration in the villous epithelium and vascular
congestion were present in ileum tissue. In Group IV, in addition to se-
vere inflammatory cell inflammation, hemorrhage, villous fusion, and
degeneration in the villous epithelium, villous structure was also
degenerated in most areas (Fig. 2A–D).

On the basis of our results for GRP78 and CHOP, indicating ER stress,
and TOS, TAS and OSI, indicating oxidative stress, all parameters in-
creased significantly with ischemic injury. GRP78, CHOP, TOS, and TAS
values were significantly higher in the ischemia groups (groups II and
IV) than in the control groups (groups I and III). The highest values
were obtained in the 6-h ischemia group (Group IV) in which the
highest level of ischemic injury occurred, compared to the 2-h ischemia
and control groups. Similarly to the histopathological findings, there
was also no difference between the control groups (groups I and III) in
terms of biochemical parameters.
Table 1
Distribution of biochemical parameters by groups.

Biochemical parameters 2 h

Group I

GRP78 (ng/mL)
Mean (95% CI) 1.50a,c

(0.35–2.66)
CHOP (ng/mL)

Mean (95% CI) 2.55a,c

(1.28–3.82)
TOS (μmol H2O2 equivalent/L)

Mean (95% CI) 3.63a,c

(3.31–3.95)
TAS (mmol trolox equivalent/L)

Mean (95% CI) 0.55a,c

(0.35–0.76)
OSI

Mean (95% CI) 0.70
(0.49–0.91)

a, p = 0.005; b, p = 0.011; c, p b 0.001 for GRP 78;
a, c, d p b 0.001; b, p = 0.002; for CHOP;
a, p = 0.003; b, p = 0.028; c, p = 0.001; p = 0.004 for TOS.
a, p = 0.038; b, p = 0.008; c, p b 0.001; d, p = 0.001 for TAS;
(Student's t-test was used for two-group comparisons, and ANOVA and the Tukey test for Bon
Findings for correlation between biochemical parameters and with
histopathological damage are shown in Table 3. High positive correla-
tionwas present between the ER stressmarkers GRP78 and CHOP.Mod-
erate levels of correlation were observed with other biomarkers.
Significant and powerful correlation was present between both the ER
stress indicators GRP78 and CHOP and the oxidative stress indicators
TOS and TAS in terms of histopathological damage.

4. Discussion

No standardized blood tests or biomarkers capable of application in
the diagnosis and prognosis of AMI are currently available. The discov-
ery of a biomarker indicating early hypoperfusion in AMI before the
onset of irreversible intestinal damage would therefore represent a sig-
nificant clinical advance. This precursor study investigated ER stress and
levels of ER stress markers (GRP78 and CHOP), together with oxidative
stress and levels of oxidative stress markers (TOS, TAS, and OSI) in AMI,
in order to determine whether these would be of value in the diagnosis
and prognosis of AMI. The results of our study, one of the first to assess
ER stress and its markers in blood (GRP78 and CHOP) in AMI, show that
ER stress occurs in AMI and increases with the duration of AMI, and that
markers reflecting ER stress in blood also increase. This elevation has
the potential to be used for diagnostic purposes, and also for prognostic
purposes since it exhibits powerful correlation with AMI-related ische-
mic injury. Similarly, oxidative stress is also involved in the pathophys-
iology of AMI, and levels of the oxidative stress markers TOS and TAS
rise accordingly. This elevation also has the potential for use in the diag-
nosis and prognosis of AMI.

The ER is an important organelle responsible for the folding andmat-
uration of transmembrane proteins and their transport to the regions
where they will perform intracellular functions and for protein quality
control during this process. Accumulation of unfolded ormisfolded pro-
teins in the ER and the cellular response emerging in the event of im-
pairment of ER homeostasis is known as ER stress. The cell activates
unfolded protein response (UPR) as a response to ER stress. The UPR
pathway becomes active in order to prevent ER stress and to restore
ER homeostasis to its former state [9].

The UPR consists of three different pathways, involving three differ-
ent ER transmembrane proteins responsible for initiating the response
to ER stress: inositol-requiring enzyme 1 (IRE1), protein kinase R
(PKR)-like endoplasmic reticulum kinase (PERK), and activating tran-
scription factor-6 (ATF6). The chaperone protein BiP (immunoglobu-
lin-binding protein = GRP78: glucose-regulated protein 78) found in
6 h

Group II Group III Group IV

3.18a

(2.83–3.53)
2.47b

(1.96–2.99)
4.09b,c

(2.99–5.19)

6.43a,d

(5.27–7.58)
2.99b,d

(1.90–4.08)
6.17b,c

(4.68–7.67)

4.82a,d

(4.20–5.43)
4.27b

(3.92–4.61)
12.31b,c,d

(5.53–19.09)

0.78a,d

(0.67–0.89)
0.65b

(0.54–0.75)
1.45b,c,d

(0.95–1.94)

0.62
(0.52–0.72)

0.67
(0.54–0.80)

0.81
(0.59–1.02)

ferroni correction in multiple group comparisons)



Table 2
Histopathological scores in ileum tissue specimens by groups.

Histological parameters 2 h 6 h

Group I Group II Group III Group IV

Inflammation (0–3)
Median (Minimum-Maximum) 1a,c (1-2) 2a (2-2) 1b (1-2) 3b,c (2-3)
Hemorrhage (0–3)
Median (Minimum-Maximum) 1a,c (0-1) 2a,d (1-3) 1b,d (0-1) 3b,c (3-3)
Villous fusion (0–3)
Median (Minimum-Maximum) 1.5a, (0-2) 2a (2-3) 1b (1-2) 3b (2-3)
Villous apical surface epithelium degeneration
Median (Minimum-Maximum) 0.5a,c (0-1) 2a,d (2-3) 0.5b,d (0-1) 3b,c (3-3)
Vascular congestion (0–3)
Median (Minimum-Maximum) 1a,c (0-1) 3a,d (2-3) 0.5b,d (0-1) 3b,c (3-3)
Total damage score (0–15)
Median (Minimum-Maximum) 5a,c (4-6) 11.5a,d,e (9-14) 4.5b,d (2-6) 14.5b,c,e (13-15)

a, p = 0.019; b,c p = 0.009 for inflammation;
a,d p = 0.009; b,c p = 0.002 for hemorrhage;
a, p = 0.031; b, p = 0.009 for villous fusion.
a, b,c,d p = 0.002; for villous epithelial degeneration;
a, b,c,d p = 0.002; for vascular congestion;
a, b,c,d p = 0.002; e, p = 0.009 for total damage.
(The Mann-Whitney U test was used in two-group comparisons, and Kruskal Wallis analysis of variance and the Mann-Whitney U test for Bonferroni correction in multiple group
comparisons)
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ER is a UPR regulator that plays a key role in IRE1, PERK and ATF6 acti-
vation and in the response to ER stress [9, 23]. CHOP transcription is ac-
tivated by PERK, ATF6 and IRE-1 in the ER membrane. However, the
PERK-EIF2a (eukaryotic initiation factor 2)- ATF4 (activating transcrip-
tion factor-4) pathway is required for CHOP. PERK signaling pathway
activation serves to protect cells throughout protein synthesis inhibition
in the early ER stress response, and also regulates cell life. However, the
PERK-EIF2a-ATF4 pathway is activated by ER stress in the later stage of
the ER stress response, inducing CHOP expression and regulating apo-
ptosis [9, 23, 24].

When the cell is at rest, in the absence of ER stress in other words, it
is maintained in an inactive state by the ER chaperone GRP78. In the
early stages of ER stress, the cell seeks to reduce the accumulation of
Fig. 1. Groups' biochemical parameter
misfolded proteins through the UPR, particularly by increasing GRP78
levels, and to support the life of the cell by restoring normal ER func-
tions. However, if ER stress is prolonged, UPR signals intended to protect
the cell assumea pro-apoptotic state and concludewith CHOP induction
[6, 9, 23]. GRP78 is therefore an ER stress marker released for the pur-
pose of protecting the cell in the early stages of that stress, while
CHOP is a marker that regulates controlled cell death-apoptosis as a re-
sponse to prolonged and continuing ER stress and that may be antici-
pated to rise later than GRP78 [9]. The present research is a precursor
study investigating ER stress in AMI. Considering the importance of
early diagnosis in AMI, there is a clear need for a specific marker that
rises in the early period and can serve as a guide to early diagnosis
and treatment, and that is also associated with the severity or duration
s and histological damage scores.



Fig. 2.Histopathological Injury inGroups' IleumTissue Specimens. a: Ileum tissue section fromGroup I (H&EX200). Villous fusion (↑), hemorrhage (▲). b: Ileum tissue section fromGroup
II (H&E X200). Villous fusion (↑), hemorrhage (▲), inflammatory cell infiltration (star), villous apical facial epithelium degeneration (→), vascular congestion (←). c: Ileum tissue section
from Group III (H&E X200). Villous fusion (↑), inflammatory cell infiltration (star), villous apical facial epithelium degeneration (→). d: Ileum tissue section from Group IV (H&E X200).
Villous fusion (↑), hemorrhage (▲), inflammatory cell infiltration (star), villous apical facial epithelium degeneration (→), vascular congestion (←).
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of the disease. From that perspective, our study involved analyses per-
formed 2 h after an experimentally inducedmodel of AMI in order to re-
flect the period in which early diagnosis can bemade, and subsequently
after 6 h in order to reflect the late period of AMI involving longer expo-
sure to ischemia and therefore greater damage. Our results indicate that
significant ER stress occurs in AMI (shown by the levels of the ER stress
makers GRP78 and CHOP), and that levels of GRP78 and CHOP in blood
increase in line with this stress. GRP78 and CHOP levels in blood were
higher in the ischemia groups at both 2 h and at 6 h. Considering the as-
sociation between GRP78 and CHOP, the first response to ER stress oc-
curs via GRP78, and the levels of this rise first. This increase is a
response intended to protect the cell against ER stress. As ER stress per-
sists, in addition to elevation in GRP78, which protects the cell against
this stress, levels of CHOP also rise in the context of programmed cell
death-apoptosis of cells damaged by ER stress. In later stages of ER
stress, the response aimed at protecting cells declines, and GRP78 levels
decrease, while CHOP causes apoptosis of these cells by rising
Table 3
Correlation of degree of histopathologic score, ER stress and oxidative stress markers.

CHOPa TOSa

r p r p r

GRP78 0.828 b0.001 0.458 0.025 0.510
CHOP 0.349 0.095 0.469
TOS 0.930
TAS
OSI

a According to Pearson correlation analysis.
b According to Spearman correlation analysis.
significantly [13, 25]. Our results showed higher levels of both GRP78
andCHOP at 2 h compared to control group levels. This indicates that ac-
tivity against ER stress arising secondary to ischemia persists at 2 h (due
to GRP78 elevation), and that the apoptotic process begins in some cells
unable to withstand ER stress (due to CHOP elevation). The same phe-
nomenonwas also observed at 6 h. The period prior to 2 hwas not eval-
uated in our study. Nonetheless, considering the relation between
GRP78 and CHOP, we think that had blood measurements been per-
formed earlier in AMI (before 2 h), high GRP78 and low CHOP levels
would have been observed. Similarly, had blood specimens been col-
lated after 6 h, it might have been possible to observe a decrease in ac-
tivities against ER stress and significant apoptosis, together with low
GRP78 and high CHOP levels.

Very few studies have to date evaluated the relationship between
AMI and ER stress. The first was by Bilecova-Rabjdova et al. Those au-
thors applied reperfusion after 1-h mesenteric ischemia and measured
CHOP and GRP78 gene mRNA levels 1 h, 24 h, and 30 days after
TASa OSIa Histopathologic scoreb

p r p r p

0.011 0.224 0.293 0.752 b0.001
0.021 −0.025 0.909 0.701 b0.001
b0.001 0.603 0.002 0.821 b0.001

0.297 0.159 0.752 b0.001
0.165 0.441
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ischemia/reperfusion (I/R). They then compared these with a non-
ischemic control group. CHOP gene mRNA levels increased at 1 h in
the early post-ischemic period compared to the control group, while
GRP78 gene mRNA levels decreased. At 24 h after ischemia, post-I/R
CHOP gene mRNA levels decreased compared to the control group,
while a very considerable increase was observed in GRP78 gene
mRNA levels. At 30 days post-I/R, CHOP gene mRNA levels again in-
creased compared to the control group, while no difference was deter-
mined compared to the control group in terms of GRP78 gene mRNA
levels [26]. The results of that preliminary studies together with those
of subsequent studies were instrumental in new research being under-
taken. In another study by the same research group in 2012, ER stress
markers were examined at 1 h, 24 h and 30 days following 1-h mesen-
teric ischemia. The highest GRP78 levels were determined at 1 h after I/
R injury, and an accompanying increase in CHOP, or apoptotic signaling,
was also observed. GRP78 elevation was highest at 24 h after I/R, while
at 30 days, CHOP levels were high and GRP78 levels were low [27]. Al-
though reperfusion was not performed in our study, and only ER stress
associated with ischemia was evaluated, an increase in the early period
post I/R was observed in both GRP78 and CHOP, in agreement with our
own study. This indicated that the increases in GRP78 in the context of
early protection against ER stress, and in CHOP, reflecting cell exposure
to apoptosis, have the potential for use in the early diagnosis of AMI.

Ischemia alone was investigated in our study. However, the process
involved in the two other studies of ER stress in AMI was rather differ-
ent, since these involved both ischemia and reperfusion. Two different
processes may emerge following reperfusion after ischemia. The first
is that cells are unable to cope with oxidative stress resulting from re-
perfusion and consequently with excessive ER stress, and may thus
enter into an intensive apoptotic process. A very significant increase in
CHOP may therefore be predicted. Another possibility is that under
post-reperfusion conditions, the cell is relatively able to cope with and
withstand ER stress, and GRP78 increases as a result, while less apopto-
sis takes place and a partial increase in CHOPmay be observed. Since re-
perfusion was not investigated in our study, we are unable to provide a
detailed and reliable analysis on this subject.

This study evaluated TOS, TAS and OSI values in terms of reflecting
oxidative stress. When TOS values reflecting the oxidative load and
TAS values reflecting the antioxidant response to that load were
assessed together, oxidative stress increased (as shown by an increase
in TOS) in the second hour after AMI, and antioxidant mechanisms
were activated as a response to this (shown by an increase in TAS).
This activity reached its highest level in a later stage of ischemia (at
6 h). TOS and TAS values increased together, but oxidative stress pre-
dominated (shown by the highest OSI levels). Several studies have in-
vestigated TAS, TOS and OSI values in the context of ischemia and
reperfusion, and similar findings to our own have been reported [18,
21, 28, 29]. Oxidative stress and ER stress are closely related processes
comprising a single entity. The development of oxidative stress and re-
active oxygen radicals (ROS) is a complementary component of ER
stress, rather than a consequence of it [8]. In support of this idea, we de-
termined powerful positive correlation was determined between TOS
and TAS and GRP78 and CHOP levels.

Another striking finding of our study is powerful correlation be-
tween AMI-related intestinal injury and the oxidative stress markers
TOS and TAS, together with GRP78 and CHOP, markers of ER stress,
the complementary component. This finding suggests that all these
markers can be used for diagnostic purposes and also have the potential
for use in determining prognosis in AMI.

4.1. Limitations

The principal limitation of our study is that it represented experi-
mental research involving rats. Our findings may not therefore exactly
reflect the clinical manifestation of AMI in humans. In clinical practice,
AMI may be non-occlusive or occlusive, the primary etiology being
identified as mesenteric arterial embolism, mesenteric arterial throm-
bosis, or mesenteric venous thrombosis [3]. Our research findings are
unable to provide any definite information concerning these probable
scenarios. In addition, in real life there is a very strong probability in pa-
tientswith suspected AMI of ER stress and therefore of confounding fac-
tors capable of affecting blood ER stress markers. Factors shown to
increase ER stress, such as atherosclerosis and smokingwill probably af-
fect the biomarkers we evaluated by creating chronic oxidative stress
[30-33].

In addition, ER stress markers and oxidative stress markers were
measured from blood specimens at 2 h and 6 h after AMI. Necrosis in
the mucosal villus develops 3–4 h after the onset of ischemia in AMI,
and transmural, mural or mucosal infarction develop within 6 h. We
therefore selected 2-h and 6-h time points after onset of in order to re-
flect the early and relatively late periods [2, 19]. Since there have been
no previous studies of blood GRP78 and CHOP levels in AMI, these tim-
ings made it impossible to fully resolve some problems. We are unable
to provide reliable information concerning the courses of GRP78 and
CHOP levels before 2 h or after 6 h. Moreover, our study evaluated
only ischemia and associated ER stress, oxidative stress and intestinal
injury. This approach was adopted since the purpose of our study was
to identify a marker capable of use in the diagnosis of AMI and corre-
lated with the degree of injury. However, the manifestation occurring
with treatment after early diagnosis of AMI is I/R injury, not ischemic in-
jury alone. Since post-ischemic reperfusion was not applied in our
study, we are unable to offer any evaluation regarding I/R injury. An-
other limitation is that, in the light of previous studies of ER stress,
markers of ER stress were only measured in blood, and no mRNA gene
measurement or cellular apoptosis analysis was undertaken. Taking all
these limitations into consideration, further studies involving an earlier
period after AMI, with a longer monitoring period and more compre-
hensive analysis, examining I/R injury in addition to ischemic injury
and evaluating apoptosis at the cellular level in the light of histopatho-
logical findings are now needed.

5. Conclusion

In conclusion, oxidative stress and ER stress comprising a single en-
tity both occur in AMI, and the levels of the ER stressmarkers GRP78 and
CHOP in blood increase in association with this. This elevation can be
used for diagnostic purposes and also has the potential for use in prog-
nostic terms since it exhibits powerful positive correlation with AMI-
related ischemic injury.
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