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Intermedin1-53 protects cardiac function in
rats with septic shock via inhibiting oxidative
stress and cardiomyocyte apoptosis
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Abstract. - OBJECTIVE: To investigate the
protective effect of intermedini-53 (IMD1-53) on
cardiac function in rats with septic shock and its
underlying mechanism.

MATERIALS AND METHODS: Twenty-four
male Sprague-Dawley (SD) rats were randomly
assigned into three groups, namely the control
group (NC group), septic shock group (ET group)
and IMD1-53 treatment group (IMD group), with 8
rats in each group. Levels of hemodynamic indi-
cators, blood glucose, lactate acid, CK-MB (cre-
atine kinase-MB) and cTnl (cardiac troponin I)
in rats were determined. Cardiac tissues of rats
were collected for TUNEL (terminal dexynucleo-
tidyl transferase (TdT)-mediated dUTP nick end
labeling) staining. Protein levels of caspase-3,
caspase-9, Bax, Bcl2, iNOS (inducible nitric ox-
ide synthase) and COX-2 (cyclooxygenase-2) in
cardiac tissues were detected by Western blot.
Moreover, activities of SOD (superoxide dis-
mutase), CAT (catalase) and MDA (malondial-
dehyde) in myocardial homogenate were deter-
mined, thereby exploring the effect of IMD1-53
on oxidative stress and cardiomyocyte apopto-
sis in rats with septic shock induced by endo-
toxin.

RESULTS: Lower levels of mean arterial blood
pressure (MABP), maximum rate of left ventric-
ular diastolic pressure (+LVdp/dtmax) and left
ventricular systolic pressure (LVSP) were ob-
served in ET group than those of NC group (p <
0.05). Levels of lactic acid, blood glucose, CK-
MB and cTnl in ET group were remarkably in-
creased than those of NC group (p <0.05). More-
over, activities of SOD and CAT in myocardial
homogenate of ET group were remarkably re-
duced in comparison with those of NC group (p
< 0.05). Protein levels of caspase-3, caspase-9,
Bcl-2, Bax, iNOS and COX-2 in ET group were
all remarkably elevated than those of NC group
(p < 0.05). The above indicators were all signifi-
cantly improved in IMD group than those of ET
group (p <0 05).

CONCLUSIONS: IMD1-53 can protect cardiac
function in rats with septic shock via inhibiting
oxidative stress and cardiomyocyte apoptosis.
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Introduction

Septic shock is a serious medical condition,
which is secondary to infection, severe trauma,
burns and major surgeries. Severe septic shock
may progress to multiple organ dysfunction syn-
drome (MODS), and even death. Due to its high
mobility and mortality, septic shock has been
well-recognized worldwide'. In the United States,
the incidence of septic shock has been astonish-
ingly increased. Currently, there are over 1 mil-
lion new cases of septic shock annually, and the
mortality rate is up to 20-40%?2-. Septic shock in
children should also be focused on. Reports have
demonstrated that the mortality rates of septic
shock in children from the United States, United
Kingdom and developing countries who are cared
for in the Pediatric Intensive Units (PICU) are
10%, 17% and 50%, respectively. The rapid pro-
gression and high mortality rate of septic shock
pose great challenges to clinical treatment*®. Re-
searches on septic shock have been advanced
in recent years. Myocardial injury is a common
complication of sepsis shock, accounting for 40%
of sepsis shock cases. Myocardial injury will
exaggerate the disease condition, which is the
leading cause of early death in about 20% of
septic shock patients®®. Therefore, it is of great
significance in investigating the pathogenesis of
myocardial injury induced by septic shock'"'2.

Intermedin (IMD) is a new member of the
calcitonin gene related peptide (CGRP) family,
which was initially found in the teleost fish by
Roh et al'. Subsequent researches confirmed that
IMD is widely expressed in hypothalamus, heart
and kidney of mammals'. IMD can be degraded
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into IMD1-53, IMDI1-47 and IMD8-47, of which,
IMDI-53 is the major active fragment®. Studies
have shown that IMDI-53 exerts a protective
effect on cardiac function after ischemia-reper-
fusion. Zhao et al'® found that IMDI1-53 can
improve lipid peroxidation damage caused by
ischemia-reperfusion, thus elevating cardiomyo-
cyte survival. Yang et al” found that IMD1-53
pretreatment can reverse cardiac function after
ischemia-reperfusion injury in rats by reducing
activities of myocardial lactate dehydrogenase
(LDH) and malondialdehyde (MDA)®. Anoth-
er report showed that IMDI-53 protects cardiac
function induced by ischemia-reperfusion via in-
creasing expressions of anti-apoptotic proteins
and reducing mitochondrial release. Accumulat-
ing studies” have already showed that IMD1-53
is capable of protecting cardiac function induced
by ischemia-reperfusion through inhibition of ox-
idative stress and cardiomyocyte apoptosis. How-
ever, there are no reports underlying the effect of
IMDI1-53 on cardiac function after septic shock.

Materials and Methods

Construction of Experimental Rats
Twenty-four male SD rats (Model Animal Re-
search Center of Nanjing University, Nanjing,
China) were housed for one week and randomly
assigned into 3 groups, with § rats in each group.
Rats in NC group were intraperitoneally inject-
ed with 2 ml/kg saline. Rats in ET group were
intraperitoneally injected with 10 mg/kg lipo-
polysaccharide (LPS). Rats in IMD group were
intraperitoneally injected with 1 ml of IMD1-53
for 3 consecutive days, followed by intraperitone-
al injection of 10 mg/kg LPS. This investigation
was approved by the Animal Ethics Committee
of Weifang Medical University Animal Center.
All reagents were purchased from Phoenix Phar-
maceuticals, Inc. (Burlingame, CA, USA).

Determination of Cardiac Function and
Blood Pressure

After injection of LPS for 12 h, rats were intra-
peritoneally injected with sodium pentobarbital
for anesthesia. The catheter was pre-washed with
500 U/mL heparin saline and then inserted into
the left ventricle through the left common carotid
artery. 10 min after the insertion, stable hemody-
namic indicators were taken by Powerlab poly-
physiograph (AD Instruments Shanghai Trading
Co., Ltd, Shanghai, China). Furthermore, blood

sample of rat was harvested for serum exaction.
Levels of blood glucose, lactate acid, CK-MB
and c¢Tnl were then detected. Myocardial tissue
homogenate was prepared after collection of rat
heart. Meanwhile, dry and weight ratio of left
ventricle was calculated.

Determination of Blood Glucose,
Lactate Acid, CK-MB and cTnl

Blood samples of rats were centrifuged at 3000
r/min for 10 min. Supernatant was collected for
detecting levels of glucose, lactic acid, CK-MB
and cInl by an automatic biochemical analyzer
(Beckman Coulter, Brea, CA, USA).

Detection of MDA, SOD and
CAT Activities

Tissue homogenate was prepared with 0.1 g £
0.05 g of myocardial tissue ground in 200 uL of
phosphate-buffered saline (PBS). The final dose
of homogenate was adjusted to 10% by adding
700 uL of PBS. Homogenate was then centrifuged
at 3500 r/min for 10 min. MDA, SOD and CAT
activities were detected based on the instructions
of relevant commercial kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

TUNEL Staining

Tissue slides were prepared using the TUNEL
labeling kit (Yeasen, Shanghai, China) according
to the manufacturer’s instructions. Briefly, slides
were washed with PBS and blocked with hydro-
gen peroxide solution. After the slides were per-
meabilized in Trixon-100, they were incubated
with TUNEL solution for 90 min. Negative con-
trols were incubated with TdT labeled solution.
Finally, slides were stained with DAPI for the
following observation of apoptotic cells.

Western Blotting

The total protein was extracted by radioimmu-
noprecipiation assay (RIPA) lysate. The concen-
tration of each protein sample was determined
by a bicinchoninic acid (BCA) kit (Thermo Fish-
er Scientific, Waltham, MA, USA). Briefly, 50
ug of total protein were separated by sodium
dodecyl sulphate-polyacrylamide gel -electro-
phoresis (SDS-PAGE) under denaturing condi-
tions and transferred to polyvinylidene difluoride
(PVDF) membranes (Merck, Millipore, Billerica,
MA, USA). Membranes were blocked with 5%
skimmed milk, followed by the incubation of
specific primary antibodies (caspase-3, caspase-9,
Bcl-2, Bax, iNOS and COX-2, diluted in 1:1000)
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overnight. Next, membranes were incubated with
the secondary antibody (Cell Signaling Technol-
ogy, Danvers, MA, USA) at room temperature
for 1 h. Immunoreactive bands were exposed by
enhanced chemiluminescence (ECL) method.

Statistical Analysis

Statistical product and service solutions
(SPSS19.0, SPSS Inc., Armonk, NY, USA) soft-
ware were used for statistics analysis. Category
variables were expressed as numbers and per-
centages. Continuous variables were shown as
mean + standard deviation. The Student-New-
man-Keuls test was used to compare the data
between two groups, and x’-test was used to com-
pare categorical variables. A one-way ANOVA
followed by Least Significant Difference (LSD)
was conducted to test the significance between
groups. p < 0.05 indicated the difference was
statistically significant.

Results

Behavior Features of Rats

Rats in NC group presented great hair gloss-
iness, good viability and sensitive stimulation.
After 20 min of LPS injection, viabilities and
stimulus response of rats in ET group were weak-

ened. Less movement, gregarious reaction and
slow response of rats were observed in ET group
after 1 h of LPS injection. 3 h later, rats in ET
group presented less glossiness of hair and less
eating. More seriously, some rats were convulsive
with a weak response to the stimulus after injec-
tion of LPS for 12 h. Rats in IMD group were
injected with IMDI1-53 three days prior to LPS
injection. No significant differences in behavior
features were observed between IMD group and
NC group before LPS injection. However, viabil-
ities and stimulus response of rats in IMD group
were weakened after 6 h of LPS injection. 12 h
later, rats in IMD group presented less eating.

IMD1-53 Improved Cardiac Function
in Rats With Septic Shock

No significance in rat heart rate among the
three groups was found (all p > 0.05, Figure
1A). Compared with those in NC group, MABP,
+LVdp/dtmax and LVSP in rats of ET group
decreased by 29.7%, 31.3% and 40.8%, respec-
tively (all p < 0.05, Figure 1B-D). MABP, +LVdp/
dtmax and LVSP in rats of IMD group increased
by 26.6%, 34.3% and 26.5%, respectively when
compared with those of ET group (all p < 0.05),
suggesting that IMDI1-53 can significantly im-
prove cardiac function in rats with septic shock.
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Changes of Serum Glucose,
Lactate Acid, CK-MB and cTnl in
Rats With Septic Shock

Lactic acid contents in rats of ET group were
increased to 171% compared with those of NC
group. However, lactic acid contents in rats of
IMD group were decreased by 24.2% (p = 0.011)
in comparison with those of ET group, suggesting
that IMD1-53 significantly improved the hyper-
lactemia in rats with septic shock (Figure 2A).
Blood glucose levels of rats in ET group were
decreased by 26.5% compared with those of NC
group (p < 0.05). While blood glucose levels of
rats in IMD group were increased to 150% in
comparison with those of ET group (p = 0. 062,
Figure 2B). Higher contents of CK-MB and cTnl
in rats of ET group were found than those of NC
group and IMD group (p < 0.05, Figure 2C-D).
Moreover, dry and weight ratios of left ventricle
in rats of ET group were remarkably lower than
those of NC group and IMD group (p < 0.05,
Figure 2E), indicating that there was myocardial
tissue edema in rats of ET group.

Changes of MDA, SOD and
CAT Activities in Myocardial Tissues

Our results showed that lower SOD and CAT
activities were observed in rats of ET group than
those of NC group (p < 0.05), suggesting that the
myocardial antioxidant activity was decreased.
However, SOD and CAT activities in rats of IMD
group were remarkably elevated than those of ET

group (p < 0.05, Figure 2F-G). Our data also indi-
cated that MDA contents in myocardial tissues of
ET group were remarkably increased than those
of NC group and IMD group (p < 0.05, Figure
2H). The data suggested that IMDI-53 could
inhibit the oxidative stress in myocardial tissues
induced by septic shock.

Protein Expressions in
Myocardial Tissues

Higher expressions of iNOS and COX-2 in myo-
cardial tissues were observed in ET group com-
pared with those of NC group (Figure 3A-B). Pro-
tein expressions of Bax, caspase-3 and caspase-9
in ET group were also increased in comparison
with those of ET group (p < 0.05, Figure 3C-F).
However, protein expressions of iNOS, COX2,
Bax, caspase-3 and caspase-9 in IMD group were
remarkably reduced compared with those of ET
group (p < 0.05, Figure 3A, C and E). Bcl-2/Bax
ratio was also significantly decreased in ET group
than that of NC group and IMD group (p < 0.05,
Figure 3G). These results suggested that IMDI-53
inhibits cardiomyocyte apoptosis and oxidative
stress in rats with septic shock.

IMD1-53 Inhibited Cardiomyocyte
Apoptosis

There was no significant cardiomyocyte apop-
tosis in rats of NC group detected by TUNEL
staining (Figure 4A). However, cardiomyocyte
apoptosis was remarkably increased in ET group
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Figure 2. Comparison of serum indicators, dry and wet ratio of left ventricle and activities of SOD, CAT and MDA in different
groups. A, Comparison of rat serum lactic acid in each group. B, Comparison of rat blood sugar in each group. C, Comparison
of rat serum CK-MB in each group. D, Comparison of rat serum cTnl in each group. E, Comparison of dry and wet ratio of
left ventricle in each group. F, Comparison of SOD activities in cardiac tissues of rats in each group. G, Comparison of CAT
activities in cardiac tissues of rats in each group. H, Comparison of MDA activities in cardiac tissues of rats in each group.
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Figure 3. Protein expressions of iNOS, COX-2, Bcl-2/Bax, caspase-3 and caspase-9 in cardiac tissues of rats in different
groups. A, Expressions of iNOS and COX-2 in cardiac tissues of rats. B, Comparison of expressions of iNOS and COX-2 in
each group. C, Expressions of caspase-3 and caspase-9 in cardiac tissues of rats. D, Comparison of expressions of caspase-3
and caspase-9 in each group. E, Expressions of Bcl-2 and Bax in cardiac tissues of rats. F, Comparison of expressions of Bcl-2
and Bax in each group. G, Comparison of Bcl-2/Bax in cardiac tissues of different groups.

compared with that of NC group (Figure 4B),
which was significantly decreased in IMD group
(p <0.05, Figure 4C-D).

Discussion
Common animal models of septic shock in-

clude the cecal ligation and puncture (CLP),
colon ascendens stent peritonitis (CASP) and

intravenous injection of bacteria or endotoxin*-%3.
In this investigation, rat septic shock model was
constructed by intraperitoneal injection of LPS,
which is the most stable and commonly used
animal model. Studies** have shown that more
than 95% of sepsis shock is caused by bacteria,
50% of which are Gram-negative bacteria. LPS
is the outer membrane component of Gram-neg-
ative bacteria, which is widespread in cells with
a strong virulence. Clinical data have shown that
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Figure 4. TUNEL staining and
apoptosis rate of cardiac tissues
of rats. 4, TUNEL staining of
cardiac tissues in NC group.
B, TUNEL staining of cardiac
tissues in ET group. C, TUNEL
staining of cardiac tissues in
IMD group. D, Apoptosis rate
of cardiomyocyte in each group.
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manifestations of myocardial damage in patients
with septic shock are mainly reduced myocardial
systolic and diastolic function, cardiac output
changes and decreased ejection fraction. In recent
years, immune, biochemical and hemodynamic
indicators have been introduced into the diag-
nostic criteria for myocardial damage in septic
shock. Our results showed that the general condi-
tions of rats were progressively deteriorated after
LPS injection, including weakened vitality and
stimulus response, gregarious reaction, shortness
of breath, less glossiness of hair, less eating, and
even convulsion. Elevations of blood lactate acid,
CK-MB and cTnl, as well as reductions in blood
pressure and blood glucose in ET group all in-
dicated the successful construction of rat septic
shock model. Furthermore, decreased hemody-
namic indicators in ET group indicated severe
heart failure in rats with septic shock. IMD1-53
treatment remarkably improved behavior features
and cardiac function in rats with septic shock,
suggesting that IMDI-53 could protect cardiac
function damaged by septic shock.
Inflammatory factors released after sepsis
shock lead to multiple systemic dysfunction
and structural damage. Studies have found that
TNF-a, IL-1, IL-6, endothelin-1, adhesion mol-
ecules, NO, etc. are involved in the process of
myocardial infarction induced by septic shock.
Moreover, a large number of oxygen free radicals
(OFRs) are released®, which are involved in the
pathogenesis and progression of septic shock?*?’.
Accumulation of reactive oxygen species (ROS)
results in inadequate production of mitochondrial
ATP (adenosine triphosphate), which eventually
leads to multiple organ dysfunction®®. MDA is
the major product of lipid peroxidation, which
reflects OFR level and severity of tissue damage.
SOD catalyzes the disproportionation reaction of
superoxide radical and protects cell membrane
through eliminating OFR attack. Under normal
circumstances, MDA and SOD are kept in bal-
ance so that the body can prevent from oxidative
stress. The present work found that MDA levels
in myocardial tissues of ET group were remark-
ably increased compared with those of NC group.
Moreover, IMD1-53 pretreatment can reverse the
oxidative stress in myocardial tissues, indicating
that IMDI-53 is capable of protecting cardiac
function damage induced by septic shock.
Apoptosis is the leading cause of cardiac dys-
function in septic shock. Cardiomyocyte apop-
tosis has been clearly observed in endotoxin-in-
duced septic cardiomyopathy in animal models®.

After injection of endotoxin (10 mg/kg) into rat
ventricular cardiomyocytes for 4 h, caspase-3
expression was significantly increased®. Acti-
vated caspase-3 can also regulate phospholam-
ban (PLB) by activating protein phosphatase 2A
(PP2A), resulting in reduced uptake of calcium,
thus damaging myocardial contractility’’. Ad-
ministration of z-FA.fmk (a ubiquitous caspase-3
inhibitor) to mice with septic shock reduced
caspase-3 activity and decreased cardiomyocyte
apoptosis in myocardial tissues. Notably, the in-
hibition of caspase-3 significantly improved car-
diac dysfunction induced by septic shock??. This
evidence indicated that apoptosis is involved in
the development of septic shock cardiomyopathy.
Additionally, Bcl-2 and Bax are capable of regu-
lating apoptosis. Bcl-2 is an anti-apoptotic protein
and Bax is a pro-apoptotic protein. Studies®**
have shown that a significant decrease in the ra-
tio of Bcl2/Bax refers to severe cell apoptosis. In
this work, increased protein levels of caspase-3,
caspase-9 and Bax, and decreased ratio of Bcl2/
Bax in rats of ET group, were all reversed by
IMDI1-53 treatment. Further TUNEL staining
confirmed that IMDI1-53 remarkably inhibited
cardiomyocyte apoptosis, which was consistent
with the previous study®. Therefore, we specu-
lated that IMDI1-53 can improve cardiac function
damage in rats with septic shock by inhibition of
cardiomyocyte apoptosis.

Taken together, our report first observed that
exogenous IMDI-53 treatment can significantly
improve cardiac function in rats with septic shock
by inhibiting oxidative stress and myocardial
apoptosis, providing a new basic for improving
cardiac function damage induced by septic shock.

Conclusions

We showed that IMDI1-53 treatment can sig-
nificantly improve cardiac function in rats with
septic shock by inhibiting oxidative stress and
myocardial apoptosis.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) WAaraisaDe A, Lerering R, BouilLon B, Sakka SG,
THAMM OC, PAFFRATH T, NEUGEBAUER E, MAEGELE M.
Epidemiology and risk factors of sepsis after

2911



Y.-J. Yu, A-H. Su, H.-B. Yang, J.-X. Chen

5)

6)

7)

10)

11)

12)

13)

14)

15)

multiple trauma: an analysis of 29,829 patients
from the trauma registry of the German society
for trauma surgery. Crit Care Med 2011; 39: 621-
628.

Dowmgrovskiy VY, MARTIN AA, SUNDERRAM J, PAz HL.
Rapid increase in hospitalization and mortali-
ty rates for severe sepsis in the United States: a
trend analysis from 1993 to 2003. Crit Care Med
2007; 35: 1244-1250.

LAGu T, RotHBERG MB, SHiEH MS, Pexow PS, STEINGRUB
JS, Linoenauer PK. Hospitalizations, costs, and out-
comes of severe sepsis in the United States 2003
to 2007. Crit Care Med 2012; 40: 754-761.

WATsoN RS, CarciLLo JA, LINDE-ZwIRBLE W'T, CLERMONT
G, Lipicker J, Angus DC. The epidemiology of se-
vere sepsis in children in the United States. Am J
Respir Crit Care Med 2003; 167: 695-701.

INwALD DP, Tasker RC, PeTers MJ, NADEL S. Emergen-
cy management of children with severe sepsis in
the United Kingdom: the results of the paediatric
intensive care society sepsis audit. Arch Dis Child
2009; 94: 348-353.

ANTONUCCI E, Fiaccaborl E, DoNADELLO K, TACCONE
FS, FrRancHl F, ScoLLeTTa S. Myocardial depression
in sepsis: from pathogenesis to clinical manifes-
tations and treatment. J Crit Care 2014; 29: 500-
511.

JianG ZM, Yang QH, Znu CQ. UCP2 in early di-
agnosis and prognosis of sepsis. Eur Rev Med
Pharmacol Sci 2017; 21: 549-553.

KRrRISHNAGOPALAN S, KumAR A, PArriLLO JE, KumAr A.
Myocardial dysfunction in the patient with sepsis.
Curr Opin Crit Care 2002; 8: 376-388.

PARKER MM, SHELHAMER JH, NATANSON C, ALLING DW,
ParriLLO JE. Serial cardiovascular variables in sur-
vivors and nonsurvivors of human septic shock:
heart rate as an early predictor of prognosis. Crit
Care Med 1987; 15: 923.

ZaNnoTTi-Cavazzoni SL, Holtenserg SM. Cardiac dys-
function in severe sepsis and septic shock. Curr
Opin Crit Care 2009; 15: 392-397.

Merx MW, Weber C. Sepsis and the heart. Circu-
lation 2007; 116: 793-802.

Court O, Kumar A, ParriLLo JE, Kumar A. Clinical re-
view: myocardial depression in sepsis and septic
shock. Crit Care 2002; 6: 500-508.

RoH J, CHANG CL, BHALLA A, KLein C, Hsu SY. Inter-
medin is a calcitonin/calcitonin gene-related pep-
tide family peptide acting through the calcitonin
receptor-like receptor/receptor activity-modifying
protein receptor complexes. J Biol Chem 2004;
279: 7264-7274.

TavLorR MM, BacLEy SL, Samson WK. Intermedin/ad-
renomedullin-2 acts within central nervous sys-
tem to elevate blood pressure and inhibit food
and water intake. Am J Physiol Regul Integr
Comp Physiol 2005; 288: R919-R927.

REN YS, YaNG JH, ZHANG J, PAaN CS, YANG J, ZHAO J,
PanG YZ, Tang CS, Qi YF. Intermedin 1-53 in cen-
tral nervous system elevates arterial blood pres-
sure in rats. Peptides 2006; 27: 74-79.

2912

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

ZHAo L, PenG DQ, ZHANG J, Song JQ, TenG X, YU YR,
TanG CS, Qi YF. Extracellular signal-regulated ki-
nase 1/2 activation is involved in intermedin1-53
attenuating myocardial oxidative stress injury in-
duced by ischemia/reperfusion. Peptides 2012;
33: 329-335.

YanG JH, JIa YX, Pan CS, ZHAo J, OuvAaNG M, YANG
J, CHanG JK, TanG CS, Qi YF. Effects of interme-
din(1-53) on cardiac function and ischemia/reper-
fusion injury in isolated rat hearts. Biochem Bio-
phys Res Commun 2005; 327: 713-719.

MenG Q, SHI D, FENG J, Su'Y, LonGg Y, HE S, WANG S,
WAaNG Y, ZHanGg X, CHen X. Hypercholesterolemia
up-regulates the expression of intermedin and
its receptor components in the aorta of rats via
inducing the oxidative stress. Ann Clin Lab Sci
2016; 46: 5-17.

LiH, BIAN Y, ZHANG N, Guo J, WaNG C, LAu WB, Xiao
C. Intermedin protects against myocardial isch-
emia-reperfusion injury in diabetic rats. Cardio-
vasc Diabetol 2013; 12: 91.

RirTirscH D, HuBer-LANG MS, FLer MA, WArRD PA.
Immunodesign of experimental sepsis by cecal li-
gation and puncture. Nat Protoc 2009; 4: 31-36.

RirTirscH D, HoeseL LM, Warp PA. The disconnect
between animal models of sepsis and human
sepsis. J Leukoc Biol 2007; 81: 137-143.

Hauser B, BRrRacHT H, MATejovic M, RADERMACHER P,
VenkatesH B. Nitric oxide synthase inhibition in
sepsis? Lessons learned from large-animal stud-
ies. Anesth Analg 2005; 101: 488-498.

ZANTL N, UeBe A, NEUMANN B, WAGNER H, SIEWERT JR,
Hovrzmann B, Heipecke CD, Prerrer K. Essential role
of gamma interferon in survival of colon ascen-
dens stent peritonitis, a novel murine model of
abdominal sepsis. Infect Immun 1998; 66: 2300-
2309.

O’Brien M. The reciprocal relationship between in-
flammation and coagulation. Top Companion An-
im Med 2012; 27: 46-52.

SHIN JS, HonG Y, Lee HH, Ryu B, CHo YW, Kim NJ,
Jang DS, Lee KT. Fulgidic acid isolated from the rhi-
zomes of cyperus rotundus suppresses LPS-in-
duced iNOS, COX-2, TNF-alpha, and IL-6 ex-
pression by AP-1 inactivation in RAW264.7 mac-
rophages. Biol Pharm Bull 2015; 38: 1081-1086.

YiLmaz SG, OzkAN E, DuLunpu E, TorAaLOGLU U, SEHIRLI
AO, Tok OE, Ercan F, SEner G. Antioxidant and an-
ti-inflammatory effects of curcumin against hepa-
torenal oxidative injury in an experimental sep-
sis model in rats. Ulus Travma Acil Cerrahi Derg
2013; 19: 507-515.

KANG J, ZHANG Y, Cao X, FAN J, LI G, WANG Q, Diao
Y, ZHAo Z, Luo L, YiN Z. Lycorine inhibits lipopoly-
saccharide-induced iNOS and COX-2 up-regula-
tion in RAW264.7 cells through suppressing P38
and STATs activation and increases the surviv-
al rate of mice after LPS challenge. Int Immuno-
pharmacol 2012; 12: 249-256.

PermpikuL C, CHERANAKHORN C. The temporal chang-
es of tissue oxygen saturation (StO2) and central



IMD1-53 inhibits oxidative stress and cardiomyocyte apoptosis in rats with septic shock

29)

30)

31)

venous oxygen saturation (ScvO2) during sep-
sis/septic shock resuscitation. J Med Assoc Thai
2014; 97 Suppl 3: S168-S175.

Buerke U, CARTER JM, ScHLITT A, Russ M, ScHmiDT
H, SiBeLius U, GrANDEL U, GRIMMINGER F, SEEGER W/,
MugLLER-WERDAN U, WEeRrDAN K, BUErke M. Apopto-
sis contributes to septic cardiomyopathy and is
improved by simvastatin therapy. Shock 2008;
29: 497-503.

LANceL S, JouliNn O, Favory R, Goossens JF, Kiu-
zA J, CHorPIN C, FORMSTECHER P, MARCHETTI P, NEVIERE
R. Ventricular myocyte caspases are directly re-
sponsible for endotoxin-induced cardiac dysfunc-
tion. Circulation 2005; 111: 2596-2604.

NEVIERE R, HAssouN SM, DecosTer B, BouazzA Y, MoN-
TAIGNE D, MARECHAL X, MARcINIAK C, MARCHETTI P, LAN-
ceL S. Caspase-dependent protein phosphatase
2A activation contributes to endotoxin-induced
cardiomyocyte contractile dysfunction. Crit Care
Med 2010; 38: 2031-2036.

32)

33)

34)

35)

Neviere R, FAauveL H, CHoriN C, FORMSTECHER P, MAR-
cHerTi P. Caspase inhibition prevents cardiac dys-
function and heart apoptosis in a rat model of sep-
sis. Am J Respir Crit Care Med 2001; 163: 218.

De Bem TH, ApoNA PR, Bressan FF, Mesauita LG, CHI-
ARATTI MR, MerReLLes FV, LeaL CL. The influence of
morphology, follicle size and Bcl-2 and Bax tran-
scripts on the developmental competence of bo-
vine oocytes. Reprod Domest Anim 2014; 49:
576-583.

Liu F, JIaNG YJ, ZHao HJ, Yao LQ, CHen LD. Elec-
troacupuncture ameliorates cognitive impairment
and regulates the expression of apoptosis-relat-
ed genes Bcl-2 and Bax in rats with cerebral isch-
aemia-reperfusion injury. Acupunct Med 2015;
33: 478-484.

LiH, BIANY, ZHANG N, Guo J, WaNG C, Lau WB, Xiao
C. Intermedin protects against myocardial isch-
emia-reperfusion injury in diabetic rats. Cardio-
vasc Diabetol 2013; 12: 91.



