MEDIC.
SCIEN (R

L

MONITOR

Received: 2019.06.27
Accepted: 2019.08.19
Published: 2019.12.06

Authors’ Contribution: Al
Study Design A B2
Data Collection B
Statistical Analysis C G1
Data Interpretation D DG 3
Manuscript Preparation E B1
Literature Search F
Funds Collection G ca
E1l
F1

Corresponding Authors:
Source of support:

ANIMAL STUDY

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 9290-9298
DOI: 10.12659/MSM.918369

Resveratrol Protects the Myocardium in Sepsis
by Activating the Phosphatidylinositol 3-Kinases
(PI13K)/AKT/Mammalian Target of Rapamycin
(mTOR) Pathway and Inhibiting the Nuclear
Factor-xB (NF-xB) Signaling Pathway

Xiullng Shang* 1 Department of Critical Care Medicine, Fujian Provincial Hospital, Fujian Provincial
Kaiyang Lin* Center for Critical Care Medicine, Fujian Medical University, Fuzhou, Fujian,
PR. China
2 Department of Cardiology, Fujian Provincial Hospital, Fujian Cardiovascular
Rongguo Yu . f Cardiology, Fuj incial Hospital, Fujian Cardi |
nstitute, Fujian Medical University, Fuzhou, Fujian, P.R. China
Pengli Zhu Institute, Fujian Medical University, Fuzhou, Fujian, PR, Chi
Yingrui Zhang 3 Department of Geriatric Medicine, Fujian Provincial Hospital, Fujian Provincial,
. nstitute of Clinical Geriatrics, Fujian Key Laboratory of Geriatrics, Fujian
L w Insti f Clinical Geriatrics, Fujian Key Lab f Geriatrics, Fuji
Ing ang Provincial Center for Geriatrics, Fujian Medical University, Fuzhou, Fujian,
Jingqing Xu PR. China
Kaihua Chen 4 Department of Pharmacy, Fujian Provincial Hospital, Fujian Medical University,

Fuzhou, Fujian, P.R. China

* Xiuling Shang and Kaiyang Lin contributed equally to this study.

Rongguo Yu, e-mail: garyyrg@126.com, Pengli Zhu, e-mail: zpl7755@126.com

Natural Science Foundation of Fujian [Grant number (2015) 269] and Fujian Province Intensive Care Medical Center Construction
Project grants from Fujian Provincial Hospital [Grant number (2017)510#]

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Sepsis combined with myocardial injury is an important cause of septic shock and multiple organ failure.
However, the molecular mechanism of sepsis-induced myocardial dysfunction has not yet been thoroughly
studied. Resveratrol has been an important research topic due its organ-protection function, but the specific
mechanism is unclear. The purpose of this study was to explore the mechanism of organ injury in sepsis and
to investigate the molecular mechanism of resveratrol in myocardial protection in sepsis.

A classical Sprague-Dawley rat model of sepsis peritonitis was constructed for further experiments. The PI3K
inhibitor LY294002 and resveratrol were used to intervene in a rat model of cardiomyopathy. HE staining was
used to observe pathological changes. Cardiomyocyte apoptosis was detected by TUNEL assay. Western blot
analysis was used to detect the level of maker proteins.

The PI3K inhibitors could promote cardiac abnormalities and apoptosis, but resveratrol showed the opposite ef-
fect. The upregulation function of the PI3K inhibitor on the expression of NF-kB, IL-6, IL-1p, and TLR4 in LPS rats
was not obvious, but the expression of TNF-a in LPS+LY294002 rats was increased by 22.85% compared with
that in LPS rats (P<0.05). Compared with the LPS group, the expression of NF-kB, TNF-a, IL-6, IL-1B3, and TLR4
in the LPS+resveratrol group was decreased. The expression of p-PI3K, p-AKT, and p-mTOR in LPS+LY294002
was reduced. The expression p-PI3K, p-AKT, and p-mTOR in the myocardium of the LPS+resveratrol group was
increased.

Resveratrol can protect the myocardium in sepsis by activating the PI3K/AKT/mTOR signaling pathway and in-
hibiting the NF-kB signaling pathway and related inflammatory factors.

Class 11l Phosphatidylinositol 3-Kinases ¢ Myocardial Injury
Receptor Activator of Nuclear Factor-kappa B ¢ Sepsis
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Background

Sepsis is a common complication of severe burns, shock, and
infection, as well as in surgical patients. It is a systemic in-
flammatory response syndrome (SIRS) caused by an imbalance
of the host’s response to infection, and SIRS can develop into
multiple organ failure [1]. It a common cause of death of criti-
cally ill patients without heart disease [2]. Sepsis has a high
incidence rate, complicated condition, rapid progression, and
poor prognosis, and its mortality rate is 30~70%, seriously af-
fecting the life quality and safety of patients [3]. Over 18 mil-
lion cases of severe sepsis are diagnosed annually worldwide,
and more than 70% of sepsis-related deaths were attributed
to organ failure [1]. Numerous studies have shown that inflam-
mation of the vessels and endocardium and the persistent ac-
tivation of inflammatory signals are the starting links of cardi-
ac dysfunction in sepsis. Therefore, the study of the role and
molecular mechanism of inflammatory signal transduction in
myocardial injury in sepsis is of great value to elucidate the
molecular mechanism underlying this disease.

Nuclear factor-kB (NF-xB), which belongs to the Rel family pro-
tein, is an important nuclear transcription factor. It plays a key
role in the gene expression of various sepsis immunoregula-
tory factors, including cytokines, chemokines, adhesion mole-
cules, apoptosis factors, and acute-phase protein. Moreover,
it participates in the biological processes at the early stage
of the immune response and various stages of inflammation,
mediating the pathological process of various inflammation-
related diseases [4-8]. Because NF-kB is a central regulator of
the inflammatory response and has a close relationship with
myocardial injury in sepsis, NF-kB may be a new potential tar-
get for sepsis therapy.

Recent studies have shown that altered levels of activated cas-
pases are found in septic cardiomyocytes [9], and some stud-
ies have shown that cardiac myocyte apoptosis in septic rats
increases and the level of the apoptotic effector Caspase-3 in-
creases, revealing that apoptosis also plays an important role
in myocardial injury in sepsis [10]. The PI3K/AKT/mTOR sig-
naling pathway is a classical cell signaling pathway related to
apoptosis. Recently, many studies have confirmed that this
signaling pathway not only inhibits apoptosis but also plays
an active role in inhibiting the inflammatory response and re-
ducing mortality due to sepsis [11-13]. Therefore, the possi-
ble cross-regulation between the PI3K/AKT/mTOR signaling
pathway and NF-xB signaling pathway provides a new direc-
tion to study the pathogenesis of sepsis.

Resveratrol (Res) is a nonflavonoid polyphenol compound that
has demonstrated anti-inflammatory [14], antiviral [15], bac-
terial and fungi inhibition [16], and cardiovascular and anti-
tumor protection effects. In recent years, its organ-protection
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effect in sepsis has also attracted much attention, but the spe-
cific mechanisms and targets are not yet clear.

Therefore, this study explored the function of and relation-
ship among resveratrol, PI3K/AKT/mTOR, NF-xB, and inflam-
mation using an LPS rat model treated with resveratrol and
a PI3K inhibitor. We used 2 approaches — molecular biology
and pathophysiology — to further explore the pathogenesis of
septic myocardial inhibition and the organ-protection mech-
anism of resveratrol in sepsis, as well as to provide effective
therapeutic targets and new research directions for myocar-
dial injury in sepsis.

Material and Methods

Establishment and grouping of animal models

A classical LPS intraperitoneal injection method was used
to construct a Sprague-Dawley rat model of sepsis peritoni-
tis. Forty SD rats were randomly divided into 4 groups with
10 rats in each group: a control group, an LPS model group,
an LPS+Resveratrol group, and an LPS+LY294002 group. First,
rats in the LPS group, LPS+Resveratrol group, and LPS+LY294002
group were administered LPS (20 mg/kg body weight; dissolved
in sterile saline) by intraperitoneal injection, while rats in the
control group were given saline via intraperitoneal injection.
Then, 1 h after LPS administration, the LPS+Resveratrol group
and LPS+LY294002 group rats were given intraperitoneal in-
jection of resveratrol (60 mg/kg body weight; dissolved in di-
methyl sulfoxide (DMSO) and then in saline containing 0.01%
DMSO) and an intraperitoneal injection of LY294002 (5 mg/kg
body weight; dissolved in DMSO, and then in saline contain-
ing 0.01% DMSO0), respectively. At the end of the experiment,
the rats were sacrificed, and their blood and hearts were har-
vested for subsequent analysis. The protocol of the present
study was approved by the Animal Care and Use Committee
of Fujian Provincial Hospital. All the methods were performed
in accordance with the United States Public Health Services
Guide for the Care and Use of Laboratory Animals, and all ef-
forts were made to minimize the suffering and number of an-
imals used in this study.

Histopathological observation of damaged myocardium
tissue

The hearts of each rat were taken immediately after blood
collection and then were placed into 10% formaldehyde so-
lution. The tissue was dehydrated and paraffin-embedded,
and pathological sections were made. HE staining was used
to observe pathological changes in the myocardium under a
light microscope.
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Table 1. Temperature, MAP and WBC in each group.

Temperature (°C)

Control 38.2+0.1
"""" ws  o37302r
"""" (PS+ly294002  370:03
"""" LPS+Resveratrol  37.9¢02*
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MAP (mmHg) WBC (x10°/L)
10348 45405
""""""""" 7544 21804
""""""""" 7746 20803
et 38104

* P<0.05 vs. Control group; # P<0.05 vs. LPS group.

Serum creatine kinase-MB (CK-MB), cardiac troponin |
(cTnl), and lactate dehydrogenase (LDH) measurements

Standard techniques were used to determine the serum lev-
els of cK-MB, cTnl, and LDH by using commercial kits, and
each procedure was conducted according to the manufactur-
er’s protocol.

Detection of cardiomyocyte apoptosis by the TUNEL assay

The myocardial tissue specimens fixed with formaldehyde so-
lution were removed. After dewaxing and dehydration, micro-
wave antigen repair was carried out, the sliced routines were
treated with freshly prepared 3% H,0, in room temperature
for 10 min, followed by rinsing in PBS for 3 minx2 times,
digestion by 20 pg/mL of proteinase K, and rinsing by PBS for
3 minx2 times. After adding the TUNEL mixture, the samples
were placed in the incubating box at 37°C for 60 min, followed
by rinsing with PBS for 3 minx3 times. After adding 50 pL of al-
kaline phosphatase antibody per slice, the samples were place
in an incubation box at 37°C for 30 min, followed by rinsing
with PBS for 3 minx3 times. Two drops of BCIP/NBT was add-
ed per piece, followed by incubation for 30 min at room tem-
perature, rinsing with PBS for 3 minx3 times, mounting with
water-based sealant, and then drying at 60°C. Under a nor-
mal light microscope, normal cells were not labeled, and the
nuclei showed blue-black as positive cells. The average num-
ber of positive apoptotic cells in each high-magnification vi-
sual field was counted randomly in each slice, and the per-
centage of the number of positive cells and total cells was the
apoptotic index, reflecting the apoptosis rate of each group.

Detection of the expression of related proteins by Western
blotting

The protein extract RIPA was used to extract protein from car-
diac tissue, and BCA was used to quantify the protein. Next,
they were separated through 10% SDS-polyacrylamide gel elec-
trophoresis and polyvinylidene fluoride (PVDF) membranes.
Then, the membranes were incubated with 5% skim milk for
3 h and incubated with the primary antibodies (1: 1000 dilu-
tions with PBST) at 4°C overnight. After 2 washes with 1X PBS,

the membranes were incubated with a horseradish peroxi-
dase-conjugated secondary antibody (1: 1000 dilutions with
PBST) for 1 h at room temperature. Blots were developed us-
ing the ECL kit.

Statistical analysis
Data are presented as mean+SD. SPSS 17.0 statistical software
was used for statistical analysis. One-way analysis of variance

was followed by Tukey’s post hoc test for multiple group com-
parisons. The results were considered significant at P<0.05.

Results

Sepsis causes changes in systemic reactions

The rat models of sepsis were constructed with specific treat-
ment groups. The mental status, body temperature, breathing,
blood pressure, and white blood cell count were recorded and
evaluated in all experiment groups. The results showed that the
rats in the normal control group were generally in good condi-
tion, with free movement, stable breathing, no abnormal diet
and drinking water, and normal response to external stimuli.
However, after LPS modeling, the respiratory rate of rats was
significantly accelerated, and there were symptoms of apa-
thy, piloerection, lethargy, oozing blood of the eyes and nose,
and loose stools, as well as weakened response to external
stimuli. Body temperature, MAP, and WBC were significantly
decreased in the LPS and LPS+LY294002 groups compared
with those in the control group, whereas the LPS+resveratrol
group showed a significant increase compared with that in
the LPS group (Table 1).

Sepsis causes changes in cardiac function

The rat models of sepsis were constructed with different
treatment groups. Cardiac functions were evaluated by ul-
trasonic cardiogram in all experimental groups. The results
showed that heart rate (HR), left ventricular internal diame-
ter at end-diastole (LVIDd), left ventricular internal diameter at
end-systole (LVIDs), and cardiac output (CO) were significantly
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Table 2. Values of the hemodynamic parameters in each group.
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Parameters Control LPS LPS+LY294002 LPS+Resveratrol
LVIDd (mm) 4.85+0.23 5.93+0.14* 6.05+0.12* 5.64+0.15
Cwibs(mm) 255021 3415027 369:028" 2832017
o wvsd(mm) 1542007  161x005 16:004 1592004
B 263016 2715013 2735016 2692017
C wPwd(mm) 165005 175006 174004 170006
O WPWs (mm) 2524026 253021 2545019 2531021
 HR(eat/min) 35427 321 a69:13* aa7s17
Y a8s56:214 0152226 a1376278 4218:429
""""" COWmin) 0115004  0204004*  021:003* 0185007
T 84276213 463563217 a027¢417* 67.17¢252
*P<0.05 vs. Control group.
A 257 B 400 C 3007
207 3001
=g g - = 2001
= 10 2 I
) T ~ 00 1007
0.5
0.0 T 0 - 0 .
Control  LPS LPS+  LPS+ Control  LPS LPS+  LPS+ Control ~ LPS LPS+  LPS+
1294002 Resve- 1Y294002 Resve- 1Y294002 Resve-
ratrol ratrol ratrol

Figure 1. cTnT, CK-MB, and LDH levels in serum samples. (A) cTnT levels. (B) CK-MB levels. (C) LDH levels. * P<0.05 versus control

group; * P<0.05 versus LPS-treated group

increased in the LPS and LPS+LY294002 groups, whereas these
effects were reversed in the LPS+resveratrol group (Table 2).
Additionally, the left ventricular ejection fraction (LVEF) was
greatly decreased in the LPS and LPS+LY294002 groups,
whereas it was partially recovered in the LPS+resveratrol
group (Table 2), suggesting that LPS and LPS+LY294002 rats
had decreased cardiac function, and resveratrol could attenu-
ate this effect in LPS rat hearts.

Sepsis causes damage to the heart muscle

The levels of troponin cTnT, creatine kinase CK-MB, and lactate
dehydrogenase LDH in the plasma of rats each experimental
group were examined, and the results are shown in Figure 1.
The results showed that ¢cTnT and LDH were significantly in-
creased in the LPS and LPS+LY294002 groups compared with
those in the normal control group, whereas these effects were
reversed in the LPS+resveratrol group (Figure 1) and were sig-
nificantly different from the LPS group. However, there was no
significant change in CK-MB in each group.

Morphological results of effects of the PI3K inhibitor and
resveratrol on myocardial injury

As we mainly focused on pathological changes in the heart,
HE staining was judges to be sufficient to draw a conclusion
that resveratrol decreases myocardial necrosis and results in
well-arrange myocardial fibers. HE staining was performed to
observe morphological results of effects of the PI3K inhibitor
and resveratrol on myocardial injury. The HE staining results of
pathological sections of the 4 tested groups of rats are shown
in Figure 2. The results showed that, compared with the con-
trol group, in the LPS group, the cardiac muscle cell boundar-
ies were not homogeneous, myocardial cells were disorderly
and scattered in myofibrosis, and there were myocardial ab-
normalities and inflammatory cell infiltration. The PI3K inhib-
itor LY294002-treated group LPS+LY294002 showed more ab-
normalities than the LPS group. In the LPS+resveratrol group,
the rat cardiac myocyte space was uniform, the boundary was
clear, the myocardial fibers were clear and arranged, and no
obvious inflammatory cells or fibrosis were found. Nuclear
staining in the model rats was blue, indicating that the PI3K
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Control

Figure 2. Histopathology analyzed following resveratrol and PI3K inhibitor treatment in LPS-treated myocardial sepsis injury as

detected by HE staining. Scale bar, 200 pM.

inhibitor can promote myocardial injury in septic rats, and res-
veratrol reduces myocardial injury in septic rats.

TUNEL detection results of the effect of the PI3K inhibitor
and resveratrol on cardiomyocyte apoptosis

The apoptosis of cardiac myocytes was detected by TUNEL as-
say in the 4 tested groups of rats. The results (Figure 3) showed
that, compared with the control group, the number of apop-
totic cells with a positive color in the LPS group was obviously
increased, and the number of apoptotic cells in LPS rats treat-
ed with the PI3K inhibitor LY294002 was further increased
and was significantly higher than that in the LPS group. In the
resveratrol-treated LPS rats (LPS+resveratrol), there were sig-
nificantly fewer apoptotic cells with a positive color than in
the LPS group, and no significant difference was found in the
number of apoptotic cells compared with the normal control
group. Thus, the PI3K inhibitor LY294002 can promote apop-
tosis of cardiac myocytes in sepsis, while resveratrol can in-
hibit the apoptosis of cardiac myocytes in sepsis.

Effects of the PI3K inhibitor and resveratrol on apoptosis
pathway-related proteins

The expression of apoptosis pathway-related proteins in the
myocardium were detected by Western blotting in the 4 groups
of rats. The results (Figure 4) showed there was upregulated
expression of capase-3 and Bax in the myocardium of LPS
rats treated with the PI3K inhibitor. After resveratrol treat-
ment, the expression levels of capase-3 and Bax in the myo-
cardium of the LPS+resveratrol group rats were decreased
significantly (by 32.51% and 25.34%, respectively) compared
with those of the LPS group. However, the expression of Bcl2
in the myocardium of LPS rats treated with the PI3K inhibitor
was downregulated. After resveratrol treatment, the expres-
sion of Bcl2 in the myocardium of the LPS+resveratrol group
rats was significantly increased (by 39.20%) compared with
that in the LPS group.

Effects of the PI3K inhibitor and resveratrol on NF-xB
signaling pathway-related proteins

The effects of the PI3K inhibitor and resveratrol on the expres-
sion of NF-kB protein and inflammatory factors TNF-a., IL-6,
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Figure 3. Cardiomyocyte apoptosis assessed following resveratrol and PI3K inhibitor treatment in LPS-treated myocardial sepsis injury
by TUNEL assay. Scale bar, 200 pM.

A Contal 1ps LPs+- LPs+ B Oontol  MILPS+LY294002
ontro V294002 Resveratrol 12- ms W LPS-+Resveratrol
*%
e I—_ - I =
[=}
3
B2 e G - E
g
- &
Caspase-3 Bcl2 Bax

Figure 4. Effect of resveratrol and the PI3K inhibitor on the expression of apoptosis pathway-related proteins in LPS-treated
myocardial sepsis injury. (A) The expression levels of capase-3, Bax, and Bcl2 were analyzed by Western blotting.
(B) Statistical analysis. The data are represented as means+SD of measurements. * P<0.05; ** P<0.01.

IL-1B, and TLR4 were detected by Western blotting. The results the expression levels of NF-kB, IL-6, IL-1[, and TLR4 in the myo-
are shown in Figure 5. The expression levels of NF-xB and in- cardium of LPS rats was not obvious, but the expression of the
flammatory cytokines TNF-q, IL-6, IL-1P, and TLR4 in the myo- inflammatory factor TNF-a was significantly increased, and the
cardium of septic rats were significantly higher than those in expression of TNF-a. in LPS+LY294002 rats increased by 22.85%
the normal control group. The effect of the PI3K inhibitor on compared with that in the LPS group. Resveratrol significantly
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Figure 5. Effect of resveratrol and the PI3K inhibitor on the expression of NF-kB signaling pathway-related proteins in LPS-treated
myocardial sepsis injury. (A) The expression levels of NF-kB, IL-6, TNF-c, IL-1f, TLR4 were analyzed by Western blotting.
(B) Statistical analysis. The data are represented as means+SD of measurements. * P<0.05; ** P<0.01.
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Figure 6. Effect of resveratrol and the PI3K inhibitor on the expression of PI3K/Akt/mTOR signaling pathway-related proteins in
LPS-treated myocardial sepsis injury. (A) The expression levels of PI3K, AKT, mTOR, p-PI3K, p-AKT, and p-mTOR were
analyzed by Western blotting. (B) Statistical analysis. The data are represented as means+SD of measurements. * P<0.05.

reduced the expression levels of NF-kB, TNF-a, IL-6, IL-1B, and
TLR4 in the myocardium of LPS rats. Compared with the LPS
group, the expression of NF-kB in the LPS+resveratrol group
rats was decreased by 52.27%, the expression of TNF-a was
decreased by 46.50%, the expression of IL-6 was decreased by
29.43%, the expression of IL-1B was decreased by 32.09%, and
the expression of TLR4 was decreased by 26.09%. Moreover,
after treatment with resveratrol, the expression of NF-xB and
TNF-o in the myocardium of sepsis rats was lower than that of
the normal control group, revealing the strong anti-inflamma-
tory and myocardial-protective effects of resveratrol.

Effects of the PI3K inhibitor and resveratrol on PI3K/Akt/
mTOR signaling pathway-related proteins

Western blotting was used to detect the expression of
PI3K/AKT/mTOR signaling pathway-related proteins in the

myocardium of the 4 groups of rats. The results are shown in
Figure 6. The expression levels of PI3K, AKT, and mTOR in the
myocardium of LPS rats treated with PI3K inhibitors was up-
regulated, but the difference was not obvious. After resveratrol
treatment, the expression levels of PI3K, AKT, and mTOR in the
myocardium of the LPS+resveratrol group was increased com-
pared with that of the LPS group, but the difference was not
significant. However, the expression levels of p-PI3K, p-AKT,
and p-mTOR in the myocardium of LPS rats treated with the
PI3K inhibitor were downregulated. After resveratrol treat-
ment, the expression levels of p-PI3K, p-AKT, and p-mTOR in
the myocardium of the LPS+resveratrol group rats were sig-
nificantly increased (by 23.24%, 21.71%, and 14.43%, respec-
tively) compared with those of the LPS group.
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Discussion

Sepsis is a life-threatening organ dysfunction caused by a host’s
imbalance in response to infection, and the heart is one of the
main target organs. Early clinical studies have confirmed that
early sepsis is associated with a high incidence of organic dam-
age to the myocardium, and these patients often have hypo-
tension, heart failure, and arrhythmia [17]. At the same time,
myocardial inhibition is one of the main indicators of a poor
prognosis in patients with sepsis. Epidemiological research has
shown that 40% of patients with sepsis are complicated with
myocardial injury, and approximately 60% of patients with sep-
tic shock in the ICU have clinical manifestations of myocar-
dial injury, and the mortality rate of sepsis patients can reach
70-90% [18]. The clinical treatment of SIMD is difficult and the
prognosis is poor, but there is no special treatment for SIMD,
perhaps because the molecular mechanism underlying the myo-
cardial inhibition in sepsis has not yet been thoroughly stud-
ied. Resveratrol has been an important research topic in recent
years because of its organ-protection function. However, its
specific mechanism is unclear, limiting its clinical application.

Many studies have shown that inflammatory cytokines play
an important role in the process of myocardial injury, and
TNF-o and IL-6 have been proven to play a core role in the de-
velopment of sepsis. Moreover, recent studies have revealed
that SIMD is also caused by myocardial cell apoptosis [8,10].
However, several signaling pathways are involved in inflamma-
tion and cell apoptosis. One of these signaling pathways is the
NF-kB pathway. Normally, NF-xB is inactive combined with its
inhibitory factor. In sepsis, due to the stimulation of LPS, the sig-
nal is transduced into the cell under the synergy of CD14 and
MD2, and NF-xB is rapidly activated and then quickly moved
to the nucleus, activating various inflammatory factors such as
TNF-a, IL-6, and IL-1f and resulting in cell apoptosis and dam-
age to tissues and organs [19]. Additionally, NF-xB not only
stimulates the expression of cytokines but is also activated by
the stimulation of these cytokines, resulting in a sustained or
amplified inflammatory reaction [5]. The PI3K/AKT/mTOR sig-
naling pathway is another classical pathway related to myo-
cardial protection. Some studies have shown that activation
of the pathway can play a role in myocardial protection by ac-
tivating endothelial nitric oxide synthase, mediating an anti-
apoptosis effect, and regulating the opening of mitochondrial
permeability transition pores [20-22]. Recent studies have
confirmed that the PI3K/AKT/mTOR signaling pathway plays a
positive inhibitory role in the pathogenesis of sepsis [11-13];
however, there has been little research on whether there is
crosstalk between these 2 signaling pathways in the process
of myocardial injury in sepsis.

In this study, the PI3K inhibitor LY294002 and resveratrol
were used to intervene in the rat model of cardiomyopathy.

ANIMAL STUDY

The relationship between the PI3K/AKT/mTOR signaling path-
way and NF-kB signaling pathway in the pathogenesis of myo-
cardial injury in sepsis was investigated. This study also as-
sessed whether the protective mechanism of resveratrol on
sepsis-related myocardial inhibition is related to promotion
of the PI3K/AKT/mTOR signal transduction pathway and inhi-
bition of the NF-kB signal transduction pathway; identical re-
sults were obtained from Western blotting.

Our results showed that, when the LPS model rats were treated
with resveratrol, the myocardial tissue injury was obviously in-
hibited, and the number of apoptotic cells was decreased sig-
nificantly, even returning to the normal control level. At the
same time, resveratrol significantly promoted the expression of
p-PI3K, p-AKT, and p-mTOR protein in the myocardium of LPS
rats and significantly reduced the expression of NF-kB, TNF-q,
IL-6, IL-1B, and TLR4. Thus, resveratrol plays a protective role in
sepsis by activating the PI3K/Akt/mTOR signaling pathway and
inhibiting the NF-kB signaling pathway and related inflamma-
tory factors, but the specific cascade reaction and target need
to be further studied. When the level of PI3K was suppressed,
the degree of damage to myocardial tissue in LPS rats signifi-
cantly increased and the number of apoptotic cardiomyocytes
increased significantly. Meanwhile, the expression of p-PI3K,
p-AKT, and p-mTOR protein in the PI3K/AKT/mTOR signaling
pathway was significantly lower than that in the LPS group
without LY294002 treatment. In the NF-xB signaling path-
way, the PI3K inhibitor had little effect on the expression lev-
els of N-xB, IL-6, IL-1B3, and TLR4, but significantly increased
the expression level of TNF-a. Thus, the PI3K/AKT/mTOR sig-
naling pathway may be activated in the process of myocar-
dial injury in sepsis.

This study preliminarily explored the relationship between
the PI3K/AKT/mTOR signaling pathway and NF-kB signaling
pathway during myocardial injury in sepsis and revealed the
mechanism of the inhibition of myocardial injury by resvera-
trol, providing a theoretical basis for the study of the patho-
genesis of sepsis organ damage and a new direction for ad-
juvant therapy of resveratrol in sepsis-induced organ injury.

Conclusions

The PI3K/AKT/mTOR signaling pathway may be activated in the
process of myocardial injury in sepsis. Resveratrol can protect
the myocardium in sepsis by activating the PI3K/AKT/mTOR
signaling pathway and inhibiting the NF-xB signaling pathway,
as well as by related inflammatory factors.
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