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Abstract In this review, the databases searched were PubMed and Web of Science. It is believed that the main causes of acute lung injury

(ALI) and acute respiratory distress syndrome ( ARDS) are inflammatory response disorders, excessive oxidative stress, cell death, endoplas-

mic reticulum stress, coagulation dysfunction, and weakened aquaporin function.
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1 Introduction
Acute lung injury (ALI) is a clinical syndrome characterized by
inflammation and increased pulmonary capillary permeability. In
severe cases, it can lead to acute respiratory distress syndrome
(ARDS), and ALIL/ARDS encompasses a diverse range of patho-
logical processes'"’. The morbidity rates of ALL/ARDS range from
26% to 47% , while the mortality rates are up to 35% —46% .
The pathogenesis of ALI/ARDS is a complex and poorly under-
stood process. While treatment methods have improved over time,
existing therapeutic approaches and pharmacological therapies
have not proven effective in lowering the morbidity and mortality of
ARDS patients, which poses a serious threat to human life and
health™ . A review of the literature indicates that the majority of
ALI patients can resume to normal or near-normal lung function
following treatment. However, they may experience significant and
persistent muscle weakness, polyneuropathy, tracheal stenosis,
spasticity, and other adverse effects, in addition to a significantly
elevated incidence of depression, anxiety, and post-traumatic
stress disorder'® . Therefore, a more profound and comprehensive
investigation of the pathogenesis of ALI/ARDS will have a sub-
stantial impact on reducing the morbidity and mortality rates
among ALI/ARDS patients. In this review, the databases
searched were PubMed and Web of Science. It is believed that the
main causes of ALI/ARDS are inflammatory response disorders,
excessive oxidative stress, cell death, endoplasmic reticulum
coagulation  dysfunction, and weakened

stress , aquaporin

function.

2 Inflammatory response disorders
The dysregulated inflammatory response is considered to be the
leading etiology of modern ALIs, which are characterized by cyto-
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kine storms. These storms are closely linked to immune cells, in-

cluding neutrophils, macrophages, alveolar epithelial cells

(ACEs) , natural killer (NK) cells, T cells, and others. They
are also linked to cytokines and the complement system'”’

In the inflammatory response of ALI, the complement system
is also involved in the generation of cytokine storms'®’. The com-
plement system represents a pivotal component of the innate im-
mune system, comprising proteases, receptors and inhibitors. The
complement system’s primary functions are the removal of cellular
debris, the promotion of inflammation, and the defense against

81 The complement system activation contributes to

pathogens'’
the formation of C5b-9 membrane attack complexes, which are ca-
pable of destroying the membrane of the target cell, leading to cell
lysis and death™’. Overactivated complement systems play a cru-
cial role in the development of autoimmune diseases, acute inflam-
matory diseases, and tissue damage! ", Additionally, these
pathways facilitate the production of C3a, C3b, C4a, C4a, and
C5a. C5a fragments are the primary allergenic toxin that induces
the recruitment and activation of neutrophils and macrophages.
The C3b fragment is known to stimulate the phagocytosis of neutro-
phils and macrophages. Furthermore, the C3a, C4a, and C5a
fragments can induce the release of inflammatory mediators, inclu-
ding histamine and serotonin, by activating basophils and mast

cells >~

. The complement system initiates the ALI inflammatory
process through both classical and alternative pathways, resulting
in the destruction of the endothelium. This, in turn, causes dam-
aged lung cells to release some tissue factors or enzymes, which
then initiates the complement cascade, forming a vicious circle of
complement activation and lung damage'™’. Studies on alternative
complement pathways in critically ARDS patients and murine
pneumonia models have found that enhancing the function of alter-
native complement pathways can enhance host immunity and im-
prove survival during critical illness. One of the mechanisms that
HD-PS-3 treats ALI is by reducing the deposition of lung C3c in
lung tissue, reducing the content of C3a in BALF, and inhibiting
complement activation' ',

After identifying the pathogen, immune cells initiate a cas-

cade of events involving the activation of several signaling path-
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ways, including JAK, protein kinase B ( PKB/Akt), MAPKs,
IL-1 receptor-associated kinase 1 (IRAK1), and further promote
the phosphorylation of STAT and nuclear translocation of NF-kB.
The activation of these signaling pathways can upregulate the ex-
pression of genes for inflammatory response, and release pro-in-
flammatory substances such as MPO, MCP-1, IL-6, IL-8, IL-1B,
TNF and others'”’. Additionally, pathogens can activate comple-
ment to produce protein fragments that exacerbate the inflammatory
response. These include IL, TNF and protein fragments produced
by the activation of the complement system that bind to relevant
receptors on immune cells, leading to the amplification of inflam-
matory signals and the formation of cytokine storms'” ™. The cy-
tokine storm results in the destruction of pulmonary capillary endo-
thelial cells and pulmonary epithelial cells, increases the permea-
bility of pulmonary microvessels, microthrombosis, and ultimately
leads to damage to alveolar endothelial cells. This damage causes
a large amount of protein- and fibrin-rich fluid to leak into the lung
matrix and alveoli, forming non-cardiopulmonary edema and opac-
ity[lg
Na-K-ATPase activity in alveolar epithelial cells, disturbance of

I decreased lung compliance, persistent hypoxia, reduced

cellular metabolism and further exacerbation of fluid retention and
hypoxia, while the inflammatory response is further exacerbated by
the activation of oxygen-sensitive proline hydroxylase, ultimately

leading to ALI"™’.

3 Excessive oxidative stress

Reactive oxygen species (ROS) are produced in the body by aero-
bic organisms as by-products of energy metabolism through oxida-
tive phosphorylation™™"” . Cells typically express several ROS scav-
engers, including superoxide dismutase (SOD), catalase ( CAT)
and glutathione peroxidase ( GSH-Px) , as well as the nuclear fac-
tor erythro-like 2 correlated factors ( Nrf2 )/heme oxygenase-1
(HO-1) signaling pathway. These mechanisms serve to prevent
free radical damage to biological systems and maintain the balance
of the body’s oxidative-antioxidant system'” . Oxidative stress may
be the result of an imbalance in the oxidative-antioxidant system,
increased production of free radicals, or decreased activity of an-
tioxidant enzymes' ™. Studies have shown that exposure to various
stimuli (e. g. LPS) results in a reduction in antioxidant enzyme
activity and an increase in the levels of reactive oxygen species
(ROS) , which can lead to damage to the body™*'. An important
pathogenic factor in ALl is thought to be excessive oxidative
stress. Excessive ROS can reduce membrane fluidity, and in-
crease membrane permeability, resulting in pulmonary edema,
and lung dilatation and impairment of endothelial function, thus
promoting lung inflammation. Similarly, inflammatory reactions
can induce the excessive production of ROS, thereby establishing
a vicious cycle of ALI"™'. Studies have demonstrated that Nrf2
scavenges ROS products by regulating antioxidant proteins, indi-

cating that the activation of Nrf2 signaling plays a crucial role in

preventing damage to cells and tissues caused by oxidative stress
and has a protective effect against several lung diseases, including
ALIP
morphology, thereby reducing ROS damage in LPS-induced rat

HO-1 has been demonstrated to modulate mitochondrial

ALI™" . Therefore, oxidative stress-induced ALI can be mitigated
by the activation of Nrf2 and HO-1, accompanied by an increase

in the levels of the corresponding antioxidant proteins.

4 Cell death
Cell death is process by which damaged, infected, or degenerated
cells are removed, and it is an essential component of homeostasis

P81 The primary cause of pathological

in multicellular organisms
changes in the lung is cell death in epithelial and endothelial
cells. This lung cell death leads to the activation of immune cells,
such as lung macrophages, and the release of a variety of pro-in-
flammatory mediators, which in turn induce inflammatory respon-
ses that are closely associated with ALI, including autophagy, cell
pyroptosis, apoptosis, and ferroptosis.

4.1 Autophagy Autophagy is an intracellular process that pro-
motes the massive degradation of cytoplasmic materials ( such as
lipids and misfolded proteins) by vacuoles or lysosomes in eu-
karyotes. This conserved process is achieved by coordinating the
expression of different autophagy-associated genes (ATGs) "
The term " cell autophagy" encompasses three distinct autophagy
pathways: macroautophagy, microautophagy, and chaperone-me-

B In general, autophagy has two functions.

diated autophagy
One is an early adaptive mechanism of tissues to remove organelles
or proteins to maintain intracellular homeostasis'™'. The other is
that excessive autophagy can lead to the death of the autophagic
cell™. Following the formation of the autophagosome, PI3 kinase
(PI3K) complexes generate PI(3)P on the autophagosome mem-
brane, being composed of core components VPS34, VPS15, and
Beclin 1. Among them, Beclin 1 is the core involved in auto-
phagy, and its post-translational modifications affect its stability,
interaction, and the ability to regulate the activity of PI3K, help-
ing cells fine-tune autophagy™’ . Autophagy has been demonstra-
ted to regulate a number of key processes, including inflammatory
oxidative stress, apoptosis, pathogen clearance mechanisms and
immune regulation, thereby preventing recurrent pulmonary exac-
erbations and disease progression, playing a protective role in
LPS, sepsis and hyperoxia-induced ALI™ . In cases of lung inju-
ry, key regulators that can influence autophagy include Beclin 1,
mTOR, and p62, which occupy a key role in maintaining
autophagy’s normal function, preventing cell damage, and regula-
ting cell death'”’. Studies have shown that an increase in the
number of autophagosomes may offer protection against the effects
of LPS-induced ALI in the mouse™ . Knockdown of GGPPSI in-
hibits the activity of the NLRP3 inflammasome by promoting auto-

[39]

phagy, thereby attenuating sepsis-induced ALI"”". Dysfunctional

autophagy, however, is the cause of several pathological condi-
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tions'®’. The autophagy of alveolar macrophage in LPS-induced
ALI has been demonstrated to promote a transition from M2 to M1,

“J. The study has shown that irisin

thereby enhancing apoptosis
can activate autophagy and restore impaired autophagy flow
through the AMPK/mTOR signaling pathway, thereby effectively
improving PM, -induced acute lung injury'*’.
4.2 Apoptosis Apoptosis is an active process of cell suicide
that maintains normal tissue morphology and function. It is a form
of cell death that is genetically controlled according to a specific
program, which is the reason for the " programmed cell death".
The process of apoptosis is dominated by two main pathways: en-
dogenous apoptosis, which controlled by a balance between mem-
bers of the different B-cell lymphoma 2 (Bcl2) families, and ex-
ogenous apoptosis, which is initiated by members of the tumor
necrosis factor superfamily that activate a lethal signaling cascade
by binding to cell surface receptors, leading to exogenous apopto-
sis. All apoptotic pathways are related to cysteine proteins
(caspases) , and apoptosis of lung cells caused by various environ-
mental stresses (e. g. hypoxia, hyperoxia, oxidants, and LPS)
can induce ALI'®'.
endogenous cell suicide, primarily resulting from endoplasmic re-

ticulum (ER) stress'™’.

Endogenous apoptosis is one of the causes of

Under normal physiological conditions,
the endoplasmic reticulum plays an important role in the storage of
calcium (Ca’*), the synthesis of lipids, and the folding and as-
sembly of proteins. In various pathological conditions such as sep-
sis, trauma, ischemia, and viral infection, ER homeostasis is dis-

rupted, resulting in the accumulation of misfolded or unfolded pro-
[44 -45

teins and the occurrence of ER stress *. The process of alveo-
lar cell apoptosis has been identified as a contributing factor in the
development of ALI in AKR mice ™. Apoptosis and excessive ap-
optosis of pulmonary endothelial cells can compromise endothelial
integrity and lead to pulmonary endothelial barrier dysfunction,
which has been observed in patients with ARDS'".

4.3 Pyroptosis Pyroptosis is a programmed cell necrosis medi-
ated by the gastrin family (GSDM). This process is characterized
by the swelling and rupture of cells, which results in the release of
pro-inflammatory contents . Pyroptosis encompasses two distinct
inflammatory pathways: the classical pathway, which is dependent
on caspase-1, and the non-classical pathway, which is dependent
on caspase<4/5/11"" . The activated caspase cleaves the substrate
gastrin D (GSDMD) at the N-terminal domain of GSDMD), relea-
sing mature IL-1B and IL-18 from the cell, thereby inducing cell
lysis and amplifying the inflammatory response *"’. Bacteria, viru-
ses, toxins, and drugs can cause pyroptosis, which helps to main-
tain the stability of the internal environment and combat external
risk factor. There is growing evidence that pyroptosis occurs in dif-
ferent types of lung cells in the development of ALI”" | and py-
roptosis of lung cells releases massive cytokines that destroy the
alveolar epithelial structure and lung homeostasis, exacerbating
ALL Cheng Kwongtai et al. ™’ found that endothelial cell pyrop-

tosis is a key factor in the development of pulmonary edema and

the subsequent onset of ALl and that therapeutic strategies to pre-
vent endothelial cell pyroptosis may protect lung endothelial cell
integrity and be beneficial for ALL/ARDS. LPS-induced ALI in
mice was found to be ameliorated by the inhibition of macrophage

3= " Concurrently, it was found that in LPS-induced

pyroptosis
mouse ALls, NETs formed during neutrophil NETosis may contrib-
ute to macrophage pyroptosis and exacerbate ALIs. Conversely,
the degradation of NETs and the silencing of the AIM2 gene may

51 Current research

prevent alveolar macrophage pyroptosis
shows that melatonin exerts a protective effect against ALI and py-
roptosis induced by LPS. The mechanism of action is primarily
through the activation of the Nrf2/HO-1 signaling axis, which re-
sults in the inhibition of the NLRP3-GSDMD pathway ™. There-
fore, the investigation of targets associated with lung cell pyropto-
sis may prove to be an efficacious approach to the alleviation of
ALL

4.4 Ferroptosis In addition, the ferroptosis is a novel form of
programmed cell death that plays a significant role in the progres-
sion of several forms of ALI, including those induced by LPS"™" |

&1 Ferroptosis is a

CCL"™", and intestinal ischemia/reperfusion
novel regulatory non-apoptotic form of cell death that is character-
ized by severe lipid peroxidation dependent on iron overload and
ROS production. Ferroptosis is mainly caused by abnormal iron
metabolism, lipid metabolism, and amino acid metabolism'®’ .
Excess iron-dependent ROS accumulation exceeds the cell’s ability
to maintain redox balance, leading to lipid peroxidation. Lipid
peroxidation is a manifestation of cellular oxidative damage that in-
creases cell permeability and ultimately leads to cell death'®.
GPX4, arachidonate lipoxygenases ( ALOXs), fatty acids, XC-
and iron are among the key regulators of ferroptosis. The current
study shows that the pathway of iron overload disease mainly in-
volves three aspects. (i) The GSH/Gpx4 pathway, XC inhibition
system, sulfur transfer pathway, and p53 regulatory axis are in-
volved. (ii) The autophagy proteins 5 and 7 (ATG5-ATG7) and
nuclear receptor coactivator 4 ( NCOA4 ) pathways and iron-re-
sponsive element binding protein 2 are involved in ferritin metabo-
lism, and p62-Kelch-lekeeCH-associated protein 1 ( Keapl )-Nrf2
regulatory pathway'®'. (iii) The lipid metabolism pathways, in-
cluding p53, ALOX15, ACSI4, and LPCAT3, are also involved
in the GTP cyclohydrolase 1-tetrahydrobiopterin 4 (GCH1-BH4) ,
E-cadherin-nf2-Hippo-YAP and NADPH-inhibitory protein 1
(FSP1 ) -coenzyme Q10 ( CoQ10) pathways'®*'.
inhibitor Fer-1 effectively alleviates LPS-induced ALI and in vivo

The ferroptosis

inflammatory response by regulating ferroptosis'®’. The results of
Li Jin et al. '’ show that LPS can induce ferroptosis in lung tissue
and in vitro and in vivo, exhibiting therapeutic effects on LPS-in-
duced ALI through the use of ferroptosis inhibitors, thus providing
new insights into the cell death pathway associated with ALL.
Therefore, the dysregulation of autophagy, apoptosis, pyrop-
tosis, and ferroptosis is of critical importance in the development

of ALI.
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5 Endoplasmic reticulum stress

As the largest organelle in a cell, the endoplasmic reticulum
(ER) is responsible for the biosynthesis of cellular lipids and pro-
teins. Additionally, ER also provides an important modification
and folding site for newly integrated membranes and secreted pro-
teins. However, in the presence of specific pathological stimuli,
the ER stress may be induced by the accumulation of misfolded
proteins in ER™’. When ER stress occurs, cells respond to chan-
ges in protein folding by activating the ER transmembrane sentinel
proteins IRE1a, PERK, and ATF6, a process known as the unfol-
ded protein response (UPR)'”~*'. The UPR can cause cell cycle
arrest and down-regulate somatic gene expression and protein syn-
thesis by increasing the expression of folded proteins and chaper-
one proteins, but if the expression of proteins and chaperone pro-
teins is unable to prevent ER stress, the apoptotic cascade is initi-
ated'®”

RNA binding proteins ( CIRPs) are released and interact with

. Studies have shown that during sepsis CLP, cold-induced

TLR4, leading to the activation of ER stress, which in turn causes
inflammation and apoptosis, and ultimately ALI'™. The activation
of the ER-anchored protein HO-1 has been shown to alleviate ER
stress by modulating the pERK/elF2-a/ATF4/CHOP UPR signa-
ling pathway, thereby exerting anti-apoptotic effects, reducing
sepsis-induced ALI and improving lung function'". ER stress re-
presents a significant pathogenic factor in the development of ALI,
and the induction of ALI by a multitude of stimuli can be mitigated
by the reduction of ER stress.

6 Coagulopathy

ALI is most commonly caused by pulmonary microvascular
thrombosis. Following pathogen entry into the lung through the
activation of the immune system and thromboinflammatory re-
sponse, vascular endothelial damage leads to the loss of throm-
boprotective mechanisms, excessive thrombin production, and
dysregulation of fibrinolysis and thrombosis, accompanied by
damage to the alveolar-capillary barrier and abnormal activation
of the coagulation system'”™ | which can trigger ALL. Coagula-
tion coordinates inflammatory and tissue repair responses
through the production of fibrin and the activation of the prote-
ase-activated receptor family, and the imbalance between coag-
ulation and inflammation leads to the formation of hypercoagula-

ble alveoli'™’.

In ALI, coagulation abnormalities are important
pathological changes, and an early inflammation-mediated hy-
percoagulable state may be a protective measure against the ini-
tiation of inflammation'”™'. Conversely, the activation of the co-
agulation system and the imbalance of the fibrinolytic system
have a pro-inflammatory effect. The coagulation factor and the
fibrinolytic system produce various inflammatory factors, and the
two cross-activate and interact to exacerbate the condition'”’.
Autopsy studies have shown that both macrovascular and micro-

vascular thromboses are prevalent among ARDS patients (up to

95% of patients) "] In addition, thrombosis is associated with
neutrophils, and due to increased expression of ICAM-1 in en-
dothelial cells, neutrophils adhere more effectively to activated
platelets, and inhibition of platelet-neutrophil aggregation has
been shown to improve gas exchange, reduce neutrophil recruit-
ment and neutrophil permeability in the sepsis-induced ALI

model "’

ALI because coagulation activation is both a consequence and a

Improving coagulopathy has become a treatment for
cause of persistent lung injury.

7 Aquaporin

ALI is a serious pulmonary disease characterized by hypoxemia
and bilateral pulmonary infiltrates. For patients with ALI, the ef-
fective removal of edema fluid from the alveoli is of critical impor-
tance in order to ensure the effective gas exchange. Alveolar fluid
clearance (AFC) is an important element in the treatment of ALI,
Often

referred to as "water channels" , AQPs are a family of small, in-

with aquaporins (AQPs) serving a pivotal role in AFC!™.

tact membrane proteins that facilitate the transport of water across
cell membranes. These proteins are expressed in a wide range of
organs, including the lungs, kidneys, central nervous system,

heart, skin, and eyes[m.

AQPs are expressed in the epithelial
and endothelial cells of various organs and play a normal physio-
logical role in promoting fluid transport; in the respiratory system,
the specific distribution of AQPs in tissues and cell types and their
developmental regulation suggest that AQPs play a similar role in
fluid transport and normal lung physiology'™. Of the 13 AQPs in
humans, lung tissue and airways are the principal sites of expres-
sion for AQPs 1, 3, 4, and 5180,

alveolar epithelium and capillary endothelial cells results in the

The early impairment of the

dysfunction of alveolar sodium and water transport, as well as fluid
retention in the alveolar space and aggregation of inflammatory
cells" . Lung injury is associated with increased vascular perme-
ability, elevated vasoactive intestinal peptide ( VIP) levels in lung
tissue, and cyclic adenosine monophosphate (¢cAMP)/PKA down-
regulation of AQPs expression, which in turn affects the normal
water metabolism of lung tissue cells™’. This leads to pulmonary
edema, which is characterized by water accumulation in the lungs.
This phenomenon is observed in various ALl models. The ALI
model suggests that AQP1 and AQPS play an important role in the

development of lung injury or edema'®’.

8 Conclusions

ALL/ARDS is a refractory inflammatory disease in the ICU with a
high mortality rate. Therefore, it is urgent to identify effective
treatment methods for ALI. The most crucial step in this process is
to understand the pathogenesis of ALL/ARDS. However, the path-
ogenesis of ALI/ARDS remains unknown. ALI is a disease with a
complex pathogenesis and a variety of factors may predispose to

ALL. This article presents a summary of the pathogenesis of ALL.



126 Medicinal Plant 2024

It is concluded that the activation of NLRP3 inflammasomes,
JAK2/STAT3, PI3K/Akt/MAPK, TLR4/NF-kB and other relat-
ed inflammatory signaling pathways, which result in the dysregula-
tion of inflammatory cytokines due to excessive inflammation, is
the primary pathogenesis of ALIL. In addition, Nrf2/HO-1 down-
regulates excessive oxidative stress, GSH, and iron ion accumula-
tion. Conversely, Nrf2/HO-1 down-regulation leads to excessive
release of ROS, which in turn causes iron death. Furthermore,
the activation of Bax/Bel-2 pathway results in apoptosis, and the
activation of the RIPK1/RIPK3/MLKL pathway results in the pro-
grammed necrosis and autophagy of cells, accompanied by an in-
crease in ER stress, the release of factor VIII and von Willebrand
factor (VWF) by endothelial cells, and a decline in the function
of AQP1/5, which collectively contribute to the development of
ALIL A number of pathogenic mechanisms interact in order to ex-
acerbate ALI. Complement activation has been demonstrated to
promote cytokine storms and coagulation dysfunction. Further-
more, the complement system has been shown to affect the phago-
cytosis of neutrophils and monocytes. Additionally, ER stress has
been linked to apoptosis, autophagy, and inflammatory response.
The interaction between these mechanisms may be responsible for
the high incidence and mortality of ALL

At present, studies have proved that ALL/ARDS has multiple
potential pathogenesis pathways. However, it is currently believed
that the endpoint of the pathogenesis of ALL/ARDS points to in-
flammation, and the exploration of the connection between other
potential pathogenesis pathways and inflammation is still in its in-
fancy. In addition, the pathogenesis and drugs developed for this
purpose are still largely in the preclinical research phase, with on-
ly a small number of drugs having entered clinical trials. Future
endeavors are guided by the following principles. (i) An in-depth
study of the connections between pathogenesis and the identifica-
tion of potential bridges between them is essential to elucidate the
pathogenesis of ALI/ARDS. (ii) The identification of biomarkers
in each pathogenesis is also crucial. (iii) Finally, clinical trials
to test new drugs are necessary to advance the field. This will fa-
cilitate the development of more effective strategies for the treat-
ment of ALI/ARDS, thereby reducing mortality and improving the
quality of life of those affected.

References

[1] ZHU W, ZHANG Y, WANG Y. Immunotherapy strategies and prospects
for acute lung injury; Focus on immune cells and cytokines[ J]. Frontiers
in Pharmacology, 2022 13.

[2] BELLANI G, LAFFEY JG, PHAM T, et al. Epidemiology, patterns of
care , and mortality for patients with acute respiratory distress syndrome in
intensive care units in 50 countries[ J]. JAMA, 2016, 315(8): 788 —
800.

[3] LEWIS SR, PRITCHARD MW, THOMAS CM, et al. Pharmacological
agents for adults with acute respiratory distress syndrome[J]. The Co-
chrane Database of Systematic Reviews, 2019(7) . CD004477.

[4] BEIN T, WEBER-CARSTENS S, APFELBACHER C. Long-term out-

come after the acute respiratory distress syndrome: different from general
critical illness[ J]. Current Opinion in Critical Care, 2018, 24 (1)
35 -40.

[5] ZHANG Y, ZHANG J, FU Z. Molecular hydrogen is a potential protec-
tive agent in the management of acute lung injury[J]. Molecular Medi-
cine (Cambridge, Mass), 2022, 28(1) . 27.

[6] SON WJV, LEUVENINK HGD, SEELEN MAJ, et al. Complement mod-
ulation in renal replacement therpay[ J]. University of Groningen, 2018.
https ://pure. rug. nl/ws/portalfiles/portal 56056741/ Chapter_12. pdf.

[7] LING M, MURALI M. Analysis of the complement system in the clinical
immunology laboratory [ J]. Clinics in Laboratory Medicine, 2019, 39
(4):579 -590.

[8] YUJ, GERBER GF, CHEN H, et al. Complement dysregulation is asso-
ciated with severe COVID-19 illness[ J]. Haematologica, 2022, 107(5) :
1095 - 1105.

[9] KJAER TR, THIEL S, ANDERSEN GR. Toward a structure-based com-
prehension of the lectin pathway of complement[ J]. Molecular Immunolo-
gy, 2013, 56(4) ; 413 -422.

[10] MORGAN BP, HARRIS CL. Complement therapeutics; history and cur-

rent progress| J ]. Molecular Immunology, 2003, 40 (2 —4). 159 -
170.

[11] LU Y, JIANG Y, LING L, et al. Beneficial effects of Houttuynia corda-
ta polysaccharides on " two-hit" acute lung injury and endotoxic fever in
rats associated with anti-complementary activities[ J]. Acta Pharmaceu-
tica Sinica B, 2018, 8(2) . 218 -227.

[12] REIS ES, MASTELLOS DC, HAJISHENGALLIS G, et al. New insights
into the immune functions of complement[ J]. Nature Reviews Immunol-
ogy, 2019, 19(8): 503 -516.

[13] DERAVI N, AHSAN E, FATHI M, et al. Complement inhibition; A
possible therapeutic approach in the fight against Covid-19[J]. Reviews
in Medical Virology, 2022, 32(4) . €2316.

[14] RICKLIN D, HAJISHENGALLIS G, YANG K, et al. Complement; A
key system for immune surveillance and homeostasis[ J]. Nature Immu-
nology, 2010, 11(9); 785 -797.

[15] LUY, JIANG Y, LING L, et al. Beneficial effects of Houttuynia corda-
ta polysaccharides on "two-hit" acute lung injury and endotoxic fever in
rats associated with anti-complementary activities[ J]. Acta Pharmaceu-
tica Sinica B, 2018, 8(2) . 218 —227.

[16] ZHANG J, HUO J, ZHAO Z, et al. An anticomplement homogeneous
polysaccharide from Hedyotis diffusa attenuates lipopolysaccharide-in-
duced acute lung injury and inhibits neutrophil extracellular trap forma-
tion[ J]. Phytomedicine ; International Journal of Phytotherapy and Phy-
topharmacology,, 2022 (107) ; 154453.

[17] WANG Y, WANG X, LI Y, et al. Xuanfei Baidu Decoction reduces a-

cute lung injury by regulating infiltration of neutrophils and macrophages

via PD-1/IL17A pathway[ J]. Pharmacological Research, 2022 (176) .

106083.

CARROLL MC, ISENMAN DE. Regulation of humoral immunity by

complement[ J]. Immunity, 2012, 37(2); 199 -207.

[19] ACKERMANN M, VERLEDEN SE, KUEHNEL M, et al. Pulmonary
vascular endothelialitis, thrombosis, and angiogenesis in Covid-19[J].
The New England Journal of Medicine, 2020, 383(2) . 120 —128.

[20] CHEN R, LAN Z, YE ], et al. Cytokine storm: The primary determi-
nant for the pathophysiological evolution of COVID-19 deterioration[ J].
Frontiers in Immunology, 2021 (12) . 589095.

[21] SIES H. Oxidative stress: a concept in redox biology and medicine[ J].
Redox Biology, 2015(4) ; 180 —183.

[22] HUANG X, XIU H, ZHANG S, et al. The role of macrophages in the
pathogenesis of ALI/ARDS [ J ]. Mediators of Inflammation, 2018
(2018) ; 1264913.

[23] ORNATOWSKI W, LU Q, YEGAMBARAM M, et al. Complex inter-

[18

[



Jincun Li et al. Research Progress on the Pathogenesis of Acute Lung Injury ( ALI)

127

play between autophagy and oxidative stress in the development of pul-
monary disease[ J]. Redox Biology, 2020(36) : 101679.

[24] LI X, YU J, GONG L, et al. Heme oxygenase-1( HO-1) regulates Golgi
stress and attenuates endotoxin-induced acute lung injury through hypox-
ia inducible factor-lac ( HIF-1aw)/HO-1 signaling pathway [ J]. Free
Radical Biology & Medicine, 2021 (165) : 243 —253.

[25] KARKI P, BIRUKOV KG. Rho and reactive oxygen species at cross-

roads of endothelial permeability and inflammation[ J]. Antioxidants &

Redox Signaling, 2019, 31(13) . 1009 - 1022.

LEE J, JANG J, PARK SM, et al. An update on the role of Nrf2 in re-

spiratory disease: Molecular mechanisms and therapeutic approaches

[J]. International Journal of Molecular Sciences, 2021, 22 (16):

8406.

[27] YU J, SHI J, WANG D, et al. Heme oxygenase-1/Carbon monoxide-

regulated mitochondrial dynamic equilibrium contributes to the attenua-

[26

[l

tion of endotoxin-induced acute lung injury in rats and in lipopolysaccha-

ride-activated macrophages [ J ]. Anesthesiology, 2016, 125 (6):
1190 - 1201.

[28] VAUX DL, KORSMEYER SJ. Cell death in development[]J]. Cell,
1999, 96(2) ; 245 -254.

[29] AMAN Y, SCHMAUCK-MEDINA T, HANSEN M, et al. Autophagy in
healthy aging and disease[ J]. Nature Aging, 2021, 1(8): 634 —650.

[30] SUT, LI X, YANG M, et al. Autophagy: An intracellular degradation

pathway regulating plant survival and stress response[ J]. Frontiers in

Plant Science, 2020(11) ; 164.

SAHA S, PANIGRAHI DP, PATIL S, et al. Autophagy in health and

Biomed Pharmacother, 2018

[31

[

disease; A comprehensive review [ J ].
(104) ; 485 —495.

[32] WANG K, CHEN Y, ZHANG P, et al. Protective features of autophagy

in pulmonary infection and inflammatory diseases[ J]. Cells, 2019, 8

(2).123.

KRIEL J, LOOS B. The good, the bad and the autophagosome: Explo-

ring unanswered questions of autophagy-dependent cell death[J]. Cell

Death Differ, 2019, 26(4) : 640 —652.

[34] MIYAMOTO S. Autophagy and cardiac aging[ J]. Cell Death and Dif-
ferentiation, 2019, 26(4) : 653 -664.

[35] HILL SM, WROBEL L, RUBINSZTEIN DC. Post-translational modifi-
cations of Beclin 1 provide multiple strategies for autophagy regulation
[J]. Cell Death & Differentiation, 2018, 26(4) : 617 —629.

[36] DERETIC V, SAITOH T, AKIRA S. Autophagy in infection, inflamma-
tion and immunity[ J]. Nature Reviews Immunology, 2013, 13(10):
722 -737.

[37] VISHNUPRIYA S, PRIYA DLC, SAKTHIVEL KM, et al. Autophagy
markers as mediators of lung injury-implication for therapeutic interven-
tion[ J]. Life Sciences, 2020(260) : 118308.

[38] QU L, CHEN C, HE W, et al. Glycyrrhizic acid ameliorates LPS-in-
duced acute lung injury by regulating autophagy through the PI3K/AKT/

[33

[

mTOR pathway[ J]. American Journal of Translational Research, 2019,
11(4) . 2042 —2055.

[39] LI D, LI C, WANG T, et al. Geranylgeranyl diphosphate synthase 1
knockdown suppresses NLRP3 inflammasome activity via promoting auto-
phagy in sepsis-induced acute lung injury[ J]. International Immunop-
harmacology , 2021 (100) : 108106.

[40] MO Y, LOU Y, ZHANG A, et al. PICK1 deficiency induces autophagy
dysfunction via lysosomal impairment and amplifies sepsis-induced acute
lung injury[ J]. Mediators of Inflammation, 2018(2018) : 6757368.

[41] QIU P, LIU Y, CHEN K, et al. Hydrogen-rich saline regulates the po-
larization and apoptosis of alveolar macrophages and attenuates lung inju-
ry via suppression of autophagy in septic rats[ J |. Annals of Translation-
al Medicine, 2021, 9(12) : 974.

[42] MA J, HAN Z, JIAO R, et al. Irisin ameliorates PM, ,-induced acute

lung injury by regulation of autophagy through AMPK/mTOR pathway
[J]. Journal of Inflammation Research, 2023(16) ; 1045 —1057.

[43] CHOPRA M, REUBEN JS, SHARMA AC. Acute lung injury; Apoptosis
and signaling mechanisms [ J ]. Experimental Biology and Medicine
(Maywood, NJ), 2009, 234(4) : 361 -371.

[44] WANG F, MA J, WANG J, et al. SIRT1 ameliorated septic associated-
lung injury and macrophages apoptosis via inhibiting endoplasmic reticu-
lum stress[J]. Cellular Signalling, 2022(97) : 110398.

[45] WANG F, YAO S, XIA H. SIRT1 is a key regulatory target for the
treatment of the endoplasmic reticulum stress-related organ damage[J].
Biomedicine & Pharmacotherapy = Biomedecine & Pharmacotherapie,
2020(130) : 110601.

[46] SAKHATSKYY P, WANG Z, BORGAS D, et al. Double-hit mouse
model of cigarette smoke priming for acute lung injury[ J]. American
Journal of Physiology Lung Cellular and Molecular Physiology, 2017,
312(1) : 56 -67.

[47] ABADIE Y, BREGEON F, PAPAZIAN L, et al. Decreased VEGF con-
centration in lung tissue and vascular injury during ARDS[J]. The Eu-
ropean Respiratory Journal, 2005, 25(1) : 139 - 146.

[48] SHIJ, GAO W, SHAO F. Pyroptosis: Gasdermin-mediated programmed
necrotic cell death[ J]. Trends in Biochemical Sciences, 2017, 42(4) .
245 -254.

[49] ZHANG X, QU H, YANG T, et al. Astragaloside IV attenuate MI-in-
duced myocardial fibrosis and cardiac remodeling by inhibiting ROS/
caspase-1/GSDMD signaling pathway[ J]. Cell Cycle, 2022, 21(21)
2309 -2322.

[50] FAN R, SUIL J, DONG X, et al. Wedelolactone alleviates acute pancre-
atitis and associated lung injury via GPX4 mediated suppression of py-
roptosis and ferroptosis [ J ]. Free Radical Biology & Medicine, 2021
(173) : 29 -40.

[51] WEI'T, ZHANG C, SONG Y. Molecular mechanisms and roles of py-
roptosis in acute lung injury[ J]. Chinese Medical Journal, 2022, 135
(20) ; 2417 -2426. (in Chinese).

[52] CHENG KT, XIONG S, YE Z, et al. Caspase-11-mediated endothelial
pyroptosis underlies endotoxemia-induced lung injury[ J]. The Journal
of Clinical Investigation, 2017, 127(11) : 4124 -4135.

[53] WU DD, PAN PH, LIU B, et al. Inhibition of alveolar macrophage py-
roptosis reduces lipopolysaccharide-induced acute lung injury in mice
[J]. Chinese Medical Journal, 2015, 128(19) : 2638 —2645. (in Chi-
nese).

[54] LIU Y, ZHANG Y, FENG Q, et al. GPA peptide attenuates sepsis-in-
duced acute lung injury in mice via inhibiting oxidative stress and pyrop-
tosis of alveolar macrophage[ J]. Oxidative Medicine and Cellular Lon-
gevity, 2021(2021) ; 5589472.

[55] LIH, LI'Y, SONG C, et al. Neutrophil extracellular traps augmented
alveolar macrophage pyroptosis via AIM2 inflammasome activation in
LPS-induced ALL/ARDS[ J]. Journal of Inflammation Research, 2021
(14) . 4839 —4858.

[56] KANG JY, XU MM, SUN Y, et al. Melatonin attenuates LPS-induced
pyroptosis in acute lung injury by inhibiting NLRP3-GSDMD pathway via
activating Nrf2/HO-1 signaling axis[J]. International Immunopharma-
cology, 2022(109) : 108782.

[57] LIU P, FENG Y, LI H, et al. Ferrostatin-1 alleviates lipopolysaccha-
ride-induced acute lung injury via inhibiting ferroptosis[ J]. Cellular &
Molecular Biology Letters, 2020(25) : 10.

[58] LIN F, CHEN W, ZHOU J, et al. Mesenchymal stem cells protect
against ferroptosis via exosome-mediated stabilization of SLC7All in
acute liver injury[ J]. Cell Death & Disease, 2022, 13(3); 271.

[59] HE J, CAL S, FENG H, et al. Single-cell analysis reveals bronchoalve-
olar epithelial dysfunction in COVID-19 patients[ J]. Protein & Cell,
2020, 11(9): 680 —687.



128

Medicinal Plant

2024

[60] YAN K, HOU T, ZHU L, et al. PM, ; inhibits system Xc- activity to
induce ferroptosis by activating the AMPK-Beclinl pathway in acute lung
injury [ J ]. Ecotoxicology and Environmental Safety, 2022 (245 ).
114083.

YAN HF, TUO QZ, YIN QZ, et al. The pathological role of ferroptosis
Zoological Research, 2020,

[61]

in ischemia/reperfusion-related injury[J].

[71] CHEN X, WANG Y, XIE X, et al. Heme oxygenase-1 reduces sepsis-
induced endoplasmic reticulum stress and acute lung injury[ J]. Media-
tors of Inflammation, 2018(2018) ; 9413876.

[72] COLLING ME, KANTHI Y. COVID-19-associated coagulopathy; An
exploration of mechanisms[ J]. Vascular Medicine ( London, England) ,

2020, 25(5) : 471 —-478.

41(3): 220 -230. [73] IBA'T, CONNORS JM, LEVY JH. The coagulopathy, endotheliopathy,
[62] CAPELLETTI MM, MANCEAU H, PUY H, et al. Ferroptosis in liver and vasculitis of COVID-19[J]. Inflammation Research : Official Jour-
diseases: An overview[ J|. International Journal of Molecular Sciences, nal of the European Histamine Research Society, 2020, 69 (12):
2020, 21(14) : 4908. 1181 - 1189.
[63] LIH, LINY, ZHANG L, et al. Ferroptosis and its emerging roles in [74] SIMMONS J, PITTET JF. The coagulopathy of acute sepsis[ J]. Current
acute pancreatitis [ J ]. Chinese Medical Journal, 2022, 135 (17): Opinion in Anaesthesiology, 2015, 28(2) ; 227 -236.
2026 -2034. [75] MENG S, JIECHUN H, XIAOTIAN S, et al. The effect of direct coagu-
[64] LIU PF, FENG YT, LI HW, et al. Ferrostatin-1 alleviates lipopolysac- lation factor Xa inhibitor on acute lung injury progression induced by en-
charide-induced acute lung injury via inhibiting ferroptosis[ J]. Cellular dotoxin in mice[J]. Chinese Journal of Respiratory and Critical Care,
& Molecular Biology Letters, 2020, 25(1). DOI.10. 1186/s11658-020- 2019, 18(4) : 369 —376. (in Chinese).
00205-0. [76] TOMASHEFSKI JF. Pulmonary pathology of acute respiratory distress
[65] LI J, DENG SH, LIJ, et al. Obacunone alleviates ferroptosis during li- syndrome[ J]. Clinics in Chest Medicine, 2000, 21(3) ; 435 —466.
popolysaccharide-induced acute lung injury by upregulating Nrf2-de- [77] ZARBOCK A, SINGBARTL K, LEY K. Complete reversal of acid-in-
pendent antioxidant responses [ J]. Cellular & Molecular Biology Let- duced acute lung injury by blocking of platelet-neutrophil aggregation
ters, 2022, 27(1) : 29. [J]. The Journal of Clinical Investigation, 2006, 116 (12) . 3211 -
[66] LIU S, FANG X, ZHU R, et al. Role of endoplasmic reticulum autoph- 3219.
agy in acute lung injury [ J]. Frontiers in Immunology, 2023 (14 ). [78] YU WY, GAO CX, ZHANG HH, et al. Herbal active ingredients: Po-
1152336. tential for the prevention and treatment of acute lung injury[ J]. BioMed
[67] KHAN MM, YANG WL, WANG P. Endoplasmic reticulum stress in Research International, 2021 (2021 ) ; 5543185.
sepsis[ J]. Shock (Augusta, Ga), 2015, 44(4): 294 —304. [79] VERKMAN AS. Aquaporins[ J]. Current Biology, 2013, 23(2): 52 -
[68] YAO RQ, REN C, XIA ZF, et al. Organelle-specific autophagy in in- 55.
flammatory diseases; A potential therapeutic target underlying the quali- [80] YADAV E, YADAV N, HUS A, et al. Aquaporins in lung health and
ty control of multiple organelles[ J]. Autophagy, 2021, 17(2) ; 385 - disease: Emerging roles, regulation, and clinical implications[ J]. Re-
401. spiratory Medicine, 2020(174) . 106193.
[69] HETZ C, CHEVET E, HARDING HP. Targeting the unfolded protein [81] LIU H, WINTOUR EM. Aquaporins in development: A review[J]. Re-
response in disease[ J ]. Nature Reviews Drug Discovery, 2013, 12(9) : productive Biology and Endocrinology, 2005(3) . 18.
703 -719. [82] VASSILIOU AG, MANITSOPOULOS N, KARDARA M, et al. Differ-
[70] KHAN MM, YANG WL, BRENNER M, et al. Cold-inducible RNA- ential Expression of aquaporins in experimental models of acute lung in-
binding protein ( CIRP) causes sepsis-associated acute lung injury via jury[J]. In Vivo (Athens, Greece), 2017, 31(5); 885 —894.
induction of endoplasmic reticulum stress[ J]. Scientific Reports, 2017 [83] VERKMAN AS. Role of aquaporins in lung liquid physiology[ J]. Re-
(7). 41363. spiratory Physiology & Neurobiology, 2007, 159(3) : 324 -330.
SR XeIeR Yotk YoloR YoleR YoleR YoloR YeloR JeleR YoleR YoloR YoloR YoloR YoloR Yook Yook YoloR YeloR YeleR YoleR Yook YoloR Yolok Yolok YoloR Yook YoloR JYeloR YoleR YoleR YoloR YoloR Yolok YoleoR Yook YotoR YoloR Jelok YeleR YoleR Yook YoloR Yolok Yo ":
*

(‘ Medicinal Plant (ISSN 2152 —3924) , founded by Wu Chu (USA - China) Science and Culture Media Corporation in 2010, is a ‘
’ bimonthly medicinal academic journal published and approved by the Library of Congress of the United States of America. Papers in Medic- Z
® inal Plant cover the quality control of Chinese medicine processing, analysis of chemical components of medicinal plants and extraction of °
: active composition, pharmacology and toxicology, biotechnology, clinical applications, germplasm resources and cultivation. f
S Medicinal Plant is indexed by the following databases: S
. » CNKI ( China National Knowledge Infrastructure) , China ;
o » SuperStar Digital Library ( China) o
(‘ » Chongging VIP Information Co. , Ltd. ’
<' P Chemical Abstracts (CA), USA ;
¢ P Center for Agriculture and Biosciences International (CABI), UK g
© PEBSCO, UsA
; » CSA Tllumina (Cambridge Scientific Abstracts) , USA :
» AGRIS, FAO
(. » KIT Royal Tropical Institute ( Amsterdam, the Netherlands) .
y » Rural Development Foundation (RDF) , India ‘



