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Sepsis is a common infectious disease, and myocardial injury associated with sepsis is a major contributor to
increased mortality. This work aimed to demonstrate the mechanisms by which a Shenfu injection solution
regulates the nuclear factor erythroid 2-related factor 2, heme oxygenase-1, glutathione peroxidase 4, and
ferroptosis pathway to alleviate sepsis-induced myocardial injury. Seventy-five C57BL/6J mice were selected
and rolled into the following groups; control group, sham operation group (S1), positive control group (Y1),
model group (M0), and Shenfu injection solution group (M1). After model establishment, each group received
the corresponding treatment. Glutathione peroxidase 4, acetyl coenzyme A synthetize long chain family
member 4, and polyunsaturated fatty acid coenzyme A levels were observed in the serum and myocardial
tissues of the mice in each group. Experimental observations revealed that the glutathione peroxidase 4
expression was notably downregulated in the M0 group (p<0.05), while acetyl coenzyme A synthetize long
chain family member 4 and polyunsaturated fatty acid coenzyme A was greatly upregulated, accompanied
by a noticeable increase in myocardial injury (p<0.05). In contrast, glutathione peroxidase 4 was markedly
upregulated (p<0.05), while acetyl coenzyme A synthetize long chain family member 4 and polyunsaturated
fatty acid coenzyme A level was drastically downregulated (p<0.05) in the M1 group, leading to a remarkable
reduction in myocardial injury. Shenfu injection solution can alleviate sepsis-induced myocardial injury by
regulating the nuclear factor erythroid 2-related factor 2/heme oxygenase-1/glutathione peroxidase 4 ferroptosis
pathway, downregulating acetyl coenzyme A synthetize long chain family member 4 and polyunsaturated fatty
acid coenzyme A level, and upregulating glutathione peroxidase 4 level.

Key words: Shenfu injection solution, nuclear factor erythroid 2-related factor 2/heme oxygenase-1,

glutathione peroxidase 4, sepsis, myocardial injury

Sepsis is a severe infectious disease characterized
by clinical manifestations such as high fever,
tachycardia and rapid respiration. It can cause
severe systemic inflammatory response in
patients and is one of the leading causes of
postoperative mortality in critically ill patients!(!.
According to statistics, the global mortality rate
of sepsis patients is as high as 10 %, and there
are approximately 5 million cases of sepsis in
China each year, with a mortality rate of up to
30 % among these patients??!, Severe sepsis can
lead to postoperative organ dysfunction, including
the heart, and sepsis-induced myocardial injury
is a common complication in septic patients!*,
In clinical research both domestically and
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internationally, sepsis-induced myocardial injury
has emerged as a crucial factor affecting patient
survival time and prognosis. Hence, the search for
therapeutic approaches that can alleviate sepsis-
induced myocardial injury holds notable clinical
significance.

In recent years, research on the treatment of sepsis-
induced myocardial injury has attracted increasing

This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which
allows others to remix, tweak, and build upon the work non-commercially,
as long as the author is credited and the new creations are licensed under
the identical terms

Accepted 11 September 2023

Revised 24 December 2022

Received 15 January 2022

Indian J Pharm Sci 2023;85(5):1388-1397

1388



www.ijpsonline.com

attention. Several studies have demonstrated
that the adoption of antioxidants, vitamins and
hypertonic solutions can alleviate sepsis-induced
myocardial injury. The antioxidant function of
puerarin has been confirmed in many studies. In
a study investigating the role of puerarin-induced
Adenosine Monophosphate activated Protein
Kinase (AMPK)-mediated iron removal signaling
in protecting against myocardial injury, it was
found that puerarin exerted an inhibitory effect
on Lipopolysaccharide (LPS)-induced myocardial
injury. Puerarin promoted the upregulation of
Glutathione Peroxidase 4 (GPX4) and ferritin
protein levels, while notably downregulating
the Acetyl Coenzyme A Synthetase Long Chain
Family Member 4 (ACSL4), Transferrin Receptor
(TFR), and cardiac iron content. Furthermore,
the protein levels of GPX4 and ferritin were
downregulated after the addition of the iron-
removing activator compound erastin®!. These
findings indicate that ferroptosis may be a potential
mechanism contributing to septic myocardial
injury. Ferroptosis is a form of cell death resulting
from iron-dependent cellular damage caused by
iron depletion and is distinct from apoptosis,
autophagy-related programmed cell death, and
necrosis, exhibiting a strong dependence on iron!®.
Cell death resulting from iron depletion occurs
due to iron-dependent lipid peroxidation within
the cells, leading to a decrease in the expression
levels of antioxidant factors, including glutathione
and GPX4. GPX4 is capable of converting the
peroxide bond in lipid peroxides into a hydroxyl
group, thereby rendering the lipid peroxides
inactivel’l. Decreased expression and activity of
GPX4 diminish the cell’s ability to counteract
oxidative stress, resulting in the accumulation
of lipid peroxides and triggering oxidative cell
death. Unlike apoptosis, during the process of
ferroptosis, there are no membrane swellings,
nuclear fragmentation, cell shrinkage or chromatin
condensation. Nevertheless, mitochondrial
shrinkage and an increase in lipid peroxides can be
observed®. During the process of iron depletion-
induced cell death, inhibitors of programmed cell
death and autophagy have no effect on inhibiting
ferroptosis. Nevertheless, studies have found that
this process can be inhibited by iron chelators,
indicating the iron dependence of cell death through
iron depletion. Ferroptosis has been implicated
in various oxidative damage-related pathologies,
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including acute kidney injury, neurotoxicity,
viral hepatitis, myocardial injury and sepsis!®!2,
Moreover, researchers both domestically and
internationally are exploring novel therapeutic
approaches. Recent studies have discovered that
the Nuclear Factor Erythroid 2-Related Factor
2 (Nrf2) Heme Oxygenase-1 (HO-1)-GPX4
ferroptosis pathway is a promising treatment for
Acute Liver Injury (ALI). In in vitro studies, it
was found that Maresin 1 (MaR1) inhibited cell
viability reduction induced by LPS and erastin, and
improved the expression of Nrf2/HO-1/GPX4U".
Nrf2 and HO-1 are major antioxidant proteins
that can inhibit the generation of reactive oxygen
species through transcriptional regulation within
cells. GPX4 is an antioxidant enzyme that plays
a protective role in preventing oxidative damage
to cells. Nrf2, HO-1 and GPX4 can collaborate
to exert significant protective effects in ALI. The
Shenfu injection is derived from the traditional
Chinese medicine formula Shenfu decoction and
primarily contains ginsenosides and water-soluble
alkaloids. In numerous studies, Shenfu injection
has been found to possess antioxidant properties,
such as scavenging reactive oxygen species and
inhibiting lipid peroxidation. Additionally, it has
demonstrated effects in combating ischemia and
hypoxia. In pharmacological, clinical and animal
studies, it has been observed that Shenfu injection
can enhance myocardial cell contractility, protect
myocardial cells from ischemia-reperfusion
injury, and inhibit the generation of lipid
peroxides. Shenfu injection achieves these effects
by activating the serine/threonine kinase AKT/
Glycogen Synthase Kinase-3 beta (GSK-3pB)
pathway, thereby alleviating cardiac dysfunction,
preventing inflammatory damage, and reducing
myocardial cell apoptosis in patients with septic
cardiomyopathy!'¥.  Moreover, ferroptosis, a
newly discovered pathway of cell death, has
been implicated in various conditions such as
hypoxia, ischemia, benign or malignant tumors,
and infectious diseases. Hence, investigating
this novel therapeutic approach holds significant
importance in elucidating the pathogenesis of
septic cardiomyopathy.

Hence, exploring therapeutic approaches that
can alleviate septic cardiomyopathy is currently
a focal point in clinical research, with the Nrf2-
HO-1-GPX4 ferroptosis pathway being one of the
latest areas of investigation. Hence, this article
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will primarily focus on the discussion of the
mechanisms by which Shengfu injection regulates
the Nrf2-HO-1-GPX4 ferroptosis pathway to
mitigate septic cardiomyopathy and its potential
clinical adoptions.

MATERIALS AND METHODS
Research materials:

This study employed 75 C57BL/6J mice (Jiangsu
Jicui Yaokang Biotechnology Co., Ltd.) for
experimentation. The mice had an average age
of (6-8) w and an average weight of (18-24) g.
Upon procurement, the mice were housed in our
laboratory animal facility, with five mice per cage.
The facility maintained a temperature of 25°,
a humidity of 60 %, and a 12 h light-dark cycle
synchronized with the external environment. The
mice were provided with ad libitum access to food
and water. Following 1 w of acclimatization in the
housing facility, the mice were subjected to the
experimental procedures.

Establishment, grouping and administration of
animal models:

A total of 75 C57BL/6J mice were assigned into
five groups; The Control (C1) group, Sham (S1)
operation group, Positive control (Y1) group,
Model (MO) group, and Shenfu injection treatment
(M1) group, with 15 mice in each group. Except
for the C1 and S1 groups, the Cecal Ligation and
Puncture (CLP) surgery was performed to establish
a mouse model of sepsis-induced acute myocardial
injury (Creatine Kinase-Myocardial Band (CK-
MB) >50 U/l). The M1 group received 1 ml of
Shenfu injection via tail vein injection, while the
Y1 group received 1 ml of dexamethasone solution
(4 mg/ml) via tail vein injection. The remaining
groups were administered an equivalent volume
of normal saline. Injections were administered for
every 10 h. The mice were monitored for mortality
rates up to 10 d, and their body weights were
measured before and after the experiment.

Model establishment: Forty-five mice were
randomly selected to establish the sepsis model.
The mice were fasted for 12 h prior to the CLP
surgery, with access to water. Anesthesia was
induced by injecting 0.1 ml/20 g of 8 % chloral
hydrate solution into the mouse’s abdominal cavity.
The effectiveness of anesthesia was confirmed
when the mouse showed no resistance when its tail
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was lifted. The abdominal fur of the mouse was
sterilized with alcohol swabs and excess fur was
removed using scissors. The mouse’s abdomen was
longitudinally incised by 2-3 cm using a sterilized
or autoclaved surgical blade, successively cutting
through the skin, abdominal muscle layer, and
entering the abdominal cavity. The location of the
cecum was identified, and the cecum was carefully
isolated and exteriorized, taking care to avoid
damaging the surrounding blood vessels. A ligature
was placed 2 cm proximal to the terminal end of
the cecum using a no. 1 suture, and the cecum was
punctured twice at the distal end of the ligature
using an 18 gauge needle. Subsequently, the cecum
was placed back into the abdominal cavity, and the
incision was disinfected and sutured, sequentially
suturing the muscle layer and skin of the abdomen.
After completion of the surgery, 1 ml/20 g of
normal saline was subcutaneously injected to
reawaken the mice. The entire surgical procedure
was completed within 15 min.

The S1 group underwent an abdominal incision
procedure on the mice. After the abdominal
cavity was opened and the cecum was located, the
cecum was gently pulled out and the intestines
were manipulated within the abdominal cavity.
Subsequently, the cecum was placed back into the
abdominal cavity without ligation or puncture.

Model selection:

At 6 h and 18 h before and after the surgery,
blood samples of 0.5 ml were collected from
the mice via the retro-orbital sinus and placed
in  Ethylenediaminetetraacetic acid (EDTA)
anticoagulant tubes. The tubes were then
centrifuged at 3000 rpm for 15 min at 4°, and the
supernatant was carefully collected and stored
for further analysis. The samples were stored at
-80° until measurement of CK-MB and cardiac
Troponin I (¢Tnl) levels.

Staining and immunohistochemistry of tissue
sections:

The cardiac tissue from each group of mice
was fixed using 4 % paraformaldehyde and
subsequently embedded in paraffin for sectioning.
Paraffin sections of the cardiac tissue were then
subjected to Hematoxylin and Eosin (HE) staining,
and immunohistochemically analysis. This allowed
for the evaluation of pathological changes in the
cardiac tissue as well as changes in the expression
1390
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levels of GPX4, ACSL4 and Polyunsaturated Fatty
Acyl-CoA (PUFA-CoA) within the cardiac tissue.

Enzyme Linked Immunosorbent Assay (ELISA)
method:

ELISA method was used for determining the levels
of oxidative stress products in the serum of mice
in each group. The levels of Glutathione (GSH),
Malondialdehyde (MDA), Reactive Oxygen
Species (ROS), and Reactive Nitrogen Species
(RNS) in mouse serum were measured according
to the instructions provided with the ELISA kits.
These measurements were used to evaluate the
levels of lipid peroxidation in the mice from each

group.

Reverse Transcription-quantitative Polymerase
Chain Reaction (RT-qPCR) and Western Blot (WB)
detection:

1 ml of serum was collected from each group of
mice 24 h after administration for the extraction
of total Ribonucleic Acid (RNA) and protein. The
expression levels of key targets GPX4, ACSL4 and
PUFA-CoA mRNA and protein related to ferrop-
tosis were examined. RT-qPCR was performed.
One eppendorf tube containing 1 ml of serum was
mixed with 1 ml of Trizol reagent. Total RNA was
extracted using the Trizol method, and after ex-
traction, the concentration and purity of the RNA
were measured. Then, the RNA was reverse tran-
scribed into complementary Deoxyribonucleic
Acid (cDNA), and the expression levels of GPX4
messenger RNA (mRNA), ACSL4 mRNA, and
PUFA-CoA mRNA were quantified using RT-qP-
CR. The reaction parameters were as follows; de-
naturation at 90°-95° for 30 s, annealing at 55°
for 30 s, extension at 72° for 30 s, with a total
of 30 cycles. The extension step at 72° was per-
formed for 10 min. The reaction system was 20 pl,
and Glyceraldehyde 3-Phosphate Dehydrogenase
(GAPDH) was set as the internal reference gene.
The primers for the internal reference gene were as
follows; forward 5’-CTGGAGAAACCTGCCAA-
GTATG-3’and reverse 5’-GGTGGAAGAATGG-
GAGTTGCT-3".

WB was also performed. Serum collected from
the mice was utilized. The protein concentration
was determined using the Bicinchoninic Acid
(BCA) assay according to the instructions of the
BCA protein assay kit. Sodium Dodecyl Sulphate-
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Polyacrylamide Gel Electrophoresis (SDS-PAGE)
gel was prepared, and the collected proteins were
separated by gel electrophoresis. Subsequently,
the proteins were transferred to a membrane, fol-
lowed by washing the membrane with Tris-Buff-
ered Saline with Tween 20 (TBST) buffer. A 5 %
skim milk solution was applied for blocking, and
after 30 min, the primary antibody was applied and
incubated at 4° overnight on a shaker. The mem-
brane was then washed with TBST thrice, followed
by incubation with the secondary antibody at 25°.
After the membrane was washed again, the protein
bands were visualized using an infrared imaging
system, and the grayscale values were analyzed.

Laser copolymerization:

Observation of GPX4, ACSL4 and PUFA-CoA
levels in myocardial tissue of mice in each group
by laser copolymerization. The paraffin-embedded
sections of mouse myocardial tissue were placed
in an oven and baked at 55° for 2.5 h to remove the
paraffin and dehydrate the sections. The sections
were then rinsed, fixed and rinsed again. They
were treated with 0.2 % Triton X-100 to achieve
tissue transparency. The sections were incubated
with the primary antibody, blocked and incubated
overnight at 4°. The next day, after washing, the
sections were incubated with the secondary anti-
body. Nuclei staining was performed using 4,6-Di-
Amidino-2-Phenylindole (DAPI) dye. The levels
of GPX4, ACSL4 and PUFA-CoA in the myocar-
dial tissue of each group of mice were observed.

Statistical processing:

Using Statistical Package for the Social Sciences
(SPSS) 26.0, measurement data were recorded as
meanststandard deviation. The significance was
analyzed using t-tests, and intergroup compar-
isons were conducted using one-way analysis of
variance. Differences were considered statistically
significant when p<0.05.

RESULTS AND DISCUSSION

The results of the analysis are illustrated in fig.
1 and fig. 2. Before modeling, CK-MB and cTnl
levels differed inconsiderably among the groups.
Nevertheless, after modeling, the serum levels
of CK-MB isoenzyme in the MO group were
drastically increased vs. the S1 group, and cardiac
troponin cTnl was also greatly elevated (p<0.05).
When comparing the M1 group with the MO group,
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the serum CK-MB levels in the mice were markedly
elevated, while the serum cTnl levels were notably
reduced (p<0.05).

The results showed that the GSH in the MO group
mice was dramatically decreased relative to the S1
group, while the levels of MDA, ROS and RNS
were markedly increased. In contrast, the M1
group mice exhibited a prominent increase in GSH
vs. the MO group, while the levels of MDA, ROS
and RNS were greatly decreased relative to the S1
group as shown in fig. 3 and fig. 4.

The myocardial fibers in the C1 group mice were
arranged neatly, with cells appearing plump and

elliptical, and the nuclei located centrally within
the cells. The histological sections of the SI
group mice’s myocardial tissue showed similar
states to the C1 group, with no notable differences
observed. In the MO group mice, the myocardial
fibers appeared swollen and disorganized, with
the presence of vacuoles in the cytoplasm, loss
of striations, increased cross-sectional area of the
myocardium, and severe fibrosis. Nevertheless, in
the Y1 group and the M1 group, the myocardial
fibers appeared normal, showing restored
orderliness, the presence of cytoplasmic vacuoles
decreased, and the cross-sectional area of the
myocardium reduced as shown in fig. 5.
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Fig. 1: Comparison of CK-MB levels of mice in each group before and after modeling
Note: *p<0.05 vs. S1 group and “p<0.05 vs. M0 group, ([J ): Before modeling and ( ZZ ): After modeling
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Fig. 2: Comparison of myocardial troponin c¢Tnl levels of mice in each group before and after modeling
Note: *p<0.05 vs. S1 group and *p<0.05 vs. M0 group, (C): Before modeling and ( ZZ ): After modeling
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Fig. 3: Comparison of serum GSH and MDA levels in different groups of mice
Note: *p<0.05 vs. S1 group and “p<0.05 vs. M0 group, (CJ): GSH and (22 ): MDA
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Fig. 4: Comparison of serum ROS and RNS levels in different groups of mice
Note: *p<0.05 vs. S1 group and *p<0.05 vs. M0 group, (CJ): ROS and (ZZ ): RNS
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Fig. 5: The pathological characteristics of myocardial tissue in each group of mice, (A): Fibrotic area and (B): Cross-sectional area
Note: *p<0.05 vs. S1 group; “p<0.05 vs. M0 group and **p<0.05 vs. Y1 group
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The results in fig. 6 revealed that the levels of
GPX4 mRNA and PUFA-CoA mRNA in the
myocardial tissue of the MO group mice were
drastically decreased vs. the S1 group. Conversely,
the ACSL4 mRNA in the myocardial tissue of the
MO group mice was greatly increased relative to
the S1 group (p<0.05). In the M1 group, the GPX4
mRNA and PUFA-CoA mRNA in the myocardial
tissue were notably increased vs. the MO group.
Additionally, the ACSL4 mRNA in the myocardial
tissue of the M1 group mice was greatly increased
than the MO group (p<0.05).

The research results (fig. 7) demonstrated that
in comparison to the S1 group, the GPX4 level
in the myocardial tissue of the MO group mice
was markedly decreased, while the ACSL4 was
substantially increased (p<0.05). When comparing
the M1 group with the MO group, the GPX4
in the myocardial tissue of the M1 group mice

.
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was greatly increased, whereas the ACSL4 was
decreased (p<0.05).

The observation results in fig. 8 revealed that
when comparing the MO group with the SI
group, the fluorescence intensity of GPX4 and
PUFA-CoA expression in the myocardial tissue
of mice was greatly decreased (643.72+96.43
Vs. 1116.29+104.41; 692.51+98.26 Vs.
1203.45+123.53), while the fluorescence intensity
of ACSL4 expression was markedly increased
(1067.48+154.25 wvs. 713.28+85.48) (p<0.05).
When comparing the M1 group with the MO
group, the fluorescence intensity of GPX4 and
PUFA-CoA expression in the myocardial tissue of
mice was remarkably increased (967.25+101.42
vs. 643.72496.43 and 985.35+116.24  vs.
692.51+98.26), while the fluorescence intensity of
ACSL4 expression was decreased (865.24+£108.46
vs. 1,067.484+154.25) (p<0.05) as shown in fig. 8.

Group

Fig. 6: Comparison of serum GPX4, ACSL4 and PUFA CoA mRNA levels in each group of mice, (A): GPX4 mRNA; (B): ACSL4 mRNA and (C):

PUFA CoA mRNA
Note: *p<0.05 vs. S1 group and “p<0.05 vs. MO group

Cl s1 M0 Yl Ml
Group

Fig. 7: Ferroptosis related proteins in the serum of mice in each group, (A): GPX4; (B): ACSL4 and (C): PUFA CoA

Note: *p<0.05 vs. S1 group; *p<0.05 vs. MO group
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Fig. 8: Comparison of the expression of ferroptosis related proteins in the myocardial tissue of mice in each group. (A): GPX4; (B): ACSL4 and (C):

PUFA CoA

Note: *p<0.05 vs. S1 group and “p<0.05 vs. MO group

Pyogenic myocarditis is a severe complication of
sepsis, directly associated with a high mortality
rate!’™l, Enhanced oxidative stress response is a
major characteristic of ferroptosis. Increasing
evidence suggests that ferroptosis may be a
potential mechanism underlying myocardial injury
in pyogenic myocarditis. Studies have shown that
Shenfu injection has a good clinical efficacy in the
treatment of sepsis, with pinealtonin, ginsenoside
Rf, ginsenoside Re, and cantharidin identified as
key active components of Shenfu injection for
sepsis treatment!'®), Research has also found that
Shenfu injection is effective in improving immune
function in septic patients!!”!® reducing septic
lung injury!” and improving the prognosis of
septic patients!?®. Furthermore, Shenfu injection
can downregulate the Mitogen-Activated Protein
Kinase (MAPK) and Extracellular Signal-
Regulated Kinase (ERK) signaling pathways to
decrease the release of inflammatory cytokines
such as Tumour Necrosis Factor-alpha (TNF-a),
reduce inflammatory response, and inhibit cell
apoptosis?!l. Both experimental and clinical studies
have demonstrated that Shenfu injection can
improve pulmonary vascular permeability, inhibit
glycocalyx degradation, reduce fluid retention in
septic shock patients, and enhance tissue perfusion
during early volume resuscitation?. A study
investigating postoperative myocardial function in
patients has shown that myocardial injury leads to
increased levels of CK-MB, cTnl and Heart-type
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Fatty Acid-Binding Protein (H-FABP)!*!. Hence,
in this work, the levels of CK-MB and c¢Tnl were
measured to screen for the septic myocardial injury
model. Nevertheless, the mechanism by which
Shenfu injection may inhibit pyogenic myocarditis
through the regulation of the ferroptosis signaling
pathway and oxidative stress factors remains
unclear.

The Nrf2/HO-1/GPX4 pathway is recognized
to play a crucial role in maintaining cellular
homeostasisand preventingoxidative stressdamage.
It has been found that inhibiting the Nrf2/GPX4
pathway promotes iron overload and exacerbates
doxorubicin-induced cardiomyopathy®¥.  This
indicates the critical importance of inhibiting
the Nrf2/GPX4 pathway for myocardial injury
recovery. Following the occurrence of sepsis,
the oxidative damage marker ROS accumulates
and is expressed in large quantities, leading to
more severe myocardial injury®. Mitochondria
are the main producers of ROS in cells. In the
electron transport chain, oxygen is sequentially
reduced to superoxide anions, hydrogen peroxide,
and hydroxyl radicals. Each type of free radical
tightly associates with respiratory chain enzymes
to prevent leakage. The release of free radicals
promotes numerous reactions, generating a
series of additional ROS and RNS with varying
potencies!??l. Tron depletion is a newly discovered
form of regulated cell death that depends on
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iron and ROS regulation. It directly or indirectly
affects the activity of GPXs under the induction
of small molecules. The imbalance in redox state
and excessive accumulation of ROS lead to lipid
peroxidation, resulting in the disruption of cell
membrane integrity?”). In this work, it was found
that the ROS notably increased in mice with sepsis-
induced myocardial injury, indicating the presence
of inflammation in septic cardiomyopathy, which
may be associated with oxidative stress response.
GPX4, as an imperative antioxidant enzyme, plays
a critical protective role inside the cells. Research
has shown that sepsis can activate the ferroptosis
pathway in the body, leading to downregulation
of GPX4, resulting in cell apoptosis and oxidative
damage®®. In this work, it was found that the
intervention of Shenfu injection could restore the
expression of GPX4 by modulating the Nrf2-HO-
1-GPX4 ferroptosis pathway, thereby enhancing
the intracellular antioxidant capacity and
preventing septic cardiomyopathy. Additionally,
ACSL4 and PUFA-CoA have also been shown to
play crucial roles in the ferroptosis pathway. When
GPX4 is downregulated, ACSL4 and PUFA-CoA
can synergistically promote iron ion transfer and
intracellular oxidative stress response, leading
to lipid peroxidation and cell apoptosisi*’l. The
intervention of Shenfu injection can suppress the
expression of ACSL4 and PUFA-CoA, thereby
reducing the likelihood of lipid peroxidation
and apoptosis occurrence. Currently, it has been
discovered that the Nrf2-HO-1-GPX4 ferroptosis
pathway can improve acute myocardial ischemia.
Treatment with electro acupuncture in a myocardial
ischemia model showed a decrease in Fe?' levels
and ACSL4 expression, as well as an increase in
GPX4 and ferritin heavy chain protein levelB,

Furthermore, Shenfu injection can modulate the
Nrf2-HO-1-GPX4 ferroptosis pathway to alleviate
septic cardiomyopathy. Experimental observations
revealed that the CK-MB, ¢Tnl, MDA, ROS, RNS
and ACSL4 were increased, while GSH and GPX4
were markedly decreased in the myocardial tissues
of the MO group mice vs. S1 group. The elevated
levels of myocardial oxidative damage markers
indicated an increased severity of myocardial
injury, leading to the downregulation of GPX4 and
the upregulation of ACSL4. In contrast, relative
to the MO group, the mice treated with Shenfu
injection exhibited drastic upregulation of GPX4
and marked downregulation of ACSL4 and PUFA-
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CoA, accompanied by a considerable reduction in
the severity of myocardial injury. These findings
suggest that Shenfu injection-mediated modulation
of the Nrf2-HO-1-GPX4 ferroptosis pathway can
alleviate septic cardiomyopathy. The mechanism
of action by which Shenfu injection alleviates
septic cardiomyopathy through the modulation
of the Nrf2-HO-1-GPX4 ferroptosis pathway
holds promising clinical adoption prospects.
Further research can explore its pharmacological
mechanisms and refine the methods and approaches
for its clinical adoption.
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