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Abstract. – Acute lung injury (ALI) and acute 
respiratory distress syndrome (ARDS) are com-
mon life-threatening, high-mortality lung diseas-
es associated with acute and severe inflammation 
of the lungs. However, research on diagnostic 
markers and signaling pathways associated with 
ALI/ARDS is lacking, and no specific drug therapy 
is available for ALI/ARDS. Therefore, in this study, 
biomarkers and signaling pathways associated 
with ALI/ARDS were summarized to provide a ref-
erence for future clinical and research work. A re-
view of Traditional Chinese Medicine for the treat-
ment or prevention of ALI/ARDS is also present-
ed to provide a reference for further development 
of Traditional Chinese Medicine. In summary, this 
review will help raise awareness of ALI/ARDS and 
provide insight into the future exploitation of Tra-
ditional Chinese Medicine.
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Introduction

As a respiratory disease with a high mortality 
rate, acute lung injury (ALI) is characterized 
by acute hypoxic respiratory failure, increased 
alveolar permeability, and severe alveolar oede-
ma1,2. Meanwhile, as ALI progresses, it can lead 
to acute respiratory distress syndrome (ARDS) 
and eventually cause death in patients3. Recent 
statistics4 have shown that ALI has a high inci-
dence (200,000 cases per year in the US) and a 
high overall mortality rate. Even if these patients 
recover after positive treatments, they are still 
burdened by functional limitations related to mu-
scle weakness, endocrine disorders, and psycho-
logical trauma5,6. Currently, several studies6 have 
confirmed that mechanical ventilation is an ef-
fective means of reducing mortality from ALI. 
However, effective drug treatment for ALI to si-
gnificantly reduce mortality and improve patien-
ts’ quality of life is still lacking7. Thus, exploring 
effective pharmacological therapies is of great 
clinical importance. Traditional Chinese Medi-
cine (TCM) has played an important role in the 
treatment of pulmonary diseases for thousands 
of years. In China, TCM treatments have achie-
ved remarkable results in combatting COVID-19, 
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relieving clinical symptoms, and reducing the 
rate of severe illness and mortality8. Therefore, 
treating ALI with TCM has also attracted our 
interest. Meanwhile, numerous active ingredients 
isolated from Chinese herbal medicine have been 
shown to have significant efficacy against ALI1. 
For example, flavonoid components of herbs with 
anti-inflammatory and antioxidant activity ren-
der them useful candidates for pulmonary injury 
prevention9. Anthraquinone compounds have a 
variety of pharmacological effects, such as anti-
fibrotic, antibacterial, and anti-inflammatory ef-
fects, which allow them to play a critical role in the 
treatment of ALI10. Similarly, TCM prescriptions 
also have potential therapeutic effects. Fusu de-
coction exerts its therapeutic effect in lipopolysac-
charide (LPS)-induced ALI model rats potentially 
by suppressing HPA1 expression and attenuating 
cell injury11. However, a comprehensive review 
of TCM for ALI is currently unavailable. In this 
paper, we intend to summarize the pathogenesis 
of ALI and the pharmacological mechanisms of 
TCM treatments, which may increase researchers’ 
understanding of the pathogenesis of ALI and 
provide a reference for natural drug development.

Search Methods Strategy
 

A literature search was conducted by the au-
thors, using two online databases (PubMed, Web 
of Science). Keywords used in the search inclu-
ded “Acute lung injury”, “ALI”, “Biomarkers”, 
“signaling pathways”, “programmed cell death”, 
“Traditional Chinese Medicine”, and “treatment”. 
Inclusion criteria consisted of biomarkers, signa-
ling pathways, and programmed cell death in 
acute lung injury and its treatment with Traditio-
nal Chinese Medicine. Moreover, some articles 
were excluded, if they were not in the English 
language, if the biomarkers, signaling pathways, 
and programmed death were not correlated with 
acute lung injury, and/or if TCM treatment of 
acute lung injury is irrelevant. We set the search 
time as nearly 10 years, that is, 2013-2023.

All the abstracts were screened, and all the stu-
dies examining Biomarkers, signaling pathways, 
and programmed cell death in acute lung injury 
and its treatment with Traditional Chinese Medi-
cine as an outcome were considered to meet the 
inclusion criteria. Then, the full articles were re-
trieved. All the eligible abstracts and articles were 
assessed for inclusion in this narrative review. 
Contact was made with the authors of the pieces 

when further information was required. Using a 
standardized approach, four reviewers (H. Zhang, 
Y.-F. Shen, Y.-S. Zou, and J.-L Zhao) indepen-
dently assessed the extracted data, including titles, 
abstracts, references, and full-text articles. Each 
data set was reviewed by another reviewer (G.-Z. 
Wang), and any disagreements were solved by 
discussion. Y. An finalized the manuscript.

Biomarkers, Signaling Pathways, and 
Programmed Cell Death Involved in 

Acute Lung Injury

Biomarkers for ALI
The basic pathophysiological change in ALI 

is noncardiogenic pulmonary edema due to in-
creased endothelial permeability of the alveolar 
epithelium and pulmonary capillaries12. In brief, 
dysfunction of the alveolar endothelial-epithe-
lial barrier is thought to play a vital role in the 
development of ALI13. Hence, in addition to the 
blood, numerous biomarkers are mainly detected 
in bronchoalveolar lavage fluid (BALF)13.

Clinicoradiologic diagnosis is currently the 
main diagnostic method for ALI and ARDS. Due 
to the hindrance of clinical detection tools, labo-
ratory and diagnostic tests for ALI and ARDS 
still lack characteristic biomarkers12. However, 
some promising biomarkers can help diagnose 
ALI and ARDS. As a result of immunologi-
cal recognition of the pathogen responsible for 
inducing a proinflammatory immune response, 
ALI in response to severe pulmonary microbial 
infections can occur14. In this process, many 
inflammatory factors can serve as natural predic-
tors of ALI disease severity.

Tumor necrosis factor-α (TNF-α) is an in-
flammatory cytokine produced by macrophages/
monocytes during acute inflammation15. Clinical 
evidence has shown that ARDS patients have 
elevated levels of TNF-α in peripheral blood16. 
However, the specific mechanisms have not been 
fully elucidated. TNF-α is an activator of neu-
trophils17. In ALI/ARDS patients, neutrophil-for-
ming clusters can block capillaries and small 
arteries, leading to redistribution and obstruction 
of the pulmonary microcirculation18, which is 
most likely to occur induced by TNF-α. In ad-
dition, macrophages also play critical roles in 
ALI/ARDS. Macrophages can typically be clas-
sified into two types: classically activated (M1) 
macrophages and alternatively activated (M2) 
macrophages19. During ALI progression, alveolar 
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epithelial cells and proinflammatory macropha-
ges crosstalk with each other and accelerate 
the induction of lung injury20. During this pro-
cess, macrophages can secrete exosomes and 
endosomes, which carry TNF-α that can induce 
the inflammatory effects of the lung20. Collecti-
vely, TNF-α may serve as a potential biomarker 
for the prognosis and diagnosis of ALI/ARDS.

Interleukins are classified into several subtypes, 
and most can influence the progression or remis-
sion of ALI21. Many studies22,23 have confirmed 
that overproduction of interleukin-1beta (IL-1β), 
interleukin-6 (IL-6), and interleukin-18 (IL-18) ac-
celerates the development of ALI/ARDS. Among 
these interleukins, IL-6 induces a severe inflam-
matory response, which also reacts with thrombin 
to promote clotting, leading to pulmonary capillary 
obstruction and further triggering ARDS24. IL-1β 
is an inflammation-related cytokine that is secreted 
mainly by macrophages and epithelial cells and 
exerts lung fibrosis effects via downstream cytoki-
nes25. However, one of the outcomes of ARDS is 
lung fibrosis26. Thus, IL-1β is partly predictive of 
the severity and prognosis of ALI/ARDS.

Generally, diffuse alveolar injury is the main 
pathological manifestation of ALI27, and mas-
sive accumulation of inflammatory cells in the 
alveoli and interstitium is one of the pivotal 
pathological features28. Therefore, detecting the-
se cells in BALF, which visually reflects lung 
injury severity, is critically important. In clinical 
practice, lymphocytes (B lymphocytes and T 
lymphocytes) and protein levels in BALF are 
significant indicators of the extent of alveolar 
lesions29. Notably, patients with ALI/ARDS have 
increased pulmonary vascular permeability due 
to endothelial barrier disruption caused by an 
excessive inflammatory response, which ultima-
tely leads to protein and lymphocyte influx into 
the alveoli30. These findings also demonstrate that 
protein levels in BALF and lymphocyte assays 
have a strong potential to serve as biomarkers for 
the diagnosis of ALI/ARDS.

ALI Signaling Pathways
A number of signaling pathways play criti-

cal roles in the pathogenesis of ALI. The mito-
gen-activated protein kinase (MAPK) signaling 
pathway is a highly conserved regulator of eu-
karyotic cell function and is involved in several 
biological processes, such as the cell cycle, apop-
tosis, differentiation, protein biosynthesis, and 
tumorigenesis31. The MAPK signaling pathway 
consists of three subfamilies: P38, extracellular si-

gnal-regulated kinase (ERK), and c-Jun N-termi-
nal kinase (JNK)32. The current view suggests that 
activation of either of these three subfamilies can 
accelerate ALI progression33. In animal models of 
ALI, activation of the MAPK signaling pathway is 
often induced by the binding of lipopolysacchari-
de (LPS) and Toll-like receptor 4 (TLR4) upstre-
am; this signaling activates downstream myeloid 
differentiation protein 88 (Myd88) and triggers 
a downstream activation cascade involving the 
MAPK signaling pathway and IL-1β34. TLR4/
NF-kappaB (NF-κB) signaling is another signa-
ling pathway that has strong relevance to ALI. 
TLR4 is an important pattern recognition receptor 
that can recognize pathogenic bacteria that tran-
slocate into the circulation. This process initiates 
phosphorylation activation of the NF-κB pathway 
through MyD88 and upregulates the expression 
of various inflammatory factors, including TN-
F-α, IL-1β, and IL-635. Once NF-κB is activated 
by phosphorylation, it induces the production of 
several inflammatory cytokines, such as TNF-α, 
IL-1β, and IL-6, which may play a synergistic 
role in the inflammatory response and lung tissue 
damage36. In addition, LPS stimulation triggers 
signaling pathways that ultimately lead to nuclear 
translocation of the NF-κB p65 component, which 
contains the primary transcriptional regulatory 
domain responsible for activating NF-κB-res-
ponsive genes37. Ultimately, the TLR4-related si-
gnaling pathway results in ALI progression (Fi-
gure 1). The Janus kinase/signal transducer and 
activator of transcription (JAK/STAT) pathway 
may be a potential target for intervention in ALI. 
Generally, the JAK/STAT pathway transduces si-
gnals from activated receptors or intracellular 
kinases into the nucleus, thereby regulating the 
transcription of genes involving cytokines, adhe-
sion molecules, and inflammatory mediators38. 
JAK2 is activated through phosphorylation, which 
subsequently leads to phosphorylation and dime-
rization of STAT339. Currently, inhibition of the 
JAK/STAT3 pathway has been reported to impro-
ve ALI40. As a transcription factor, STAT3 plays a 
key role in inflammation and in the pathogenesis 
of ALI by regulating the expression of various 
cytokines and immune regulatory genes (IL-1β, 
IL-6, TNF-α, iNOS, CCL2, and MHC class II)41. 
In addition, activation of NOD-like receptor ther-
mal protein domain associated protein 3 (NLRP3) 
inflammatory vesicles may be associated with 
the JAK/STAT3 pathway42. NLRP3 has a critical 
role in ALI induced by the JAK/STAT3 signaling 
pathway. High phosphorylated STAT3 expression 
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can activate ac-H3 and AC-H4 levels on the NL-
RP3 promoter, resulting in NLRP3 activation43. 
Then, the assembled NLRP3 inflammasome acti-
vates the protease caspase-1 to induce pyroptosis 
and contributes to several types of cell death, 
including apoptosis, necroptosis, and ferroptosis, 
which are associated with the pathogenesis of va-
rious inflammatory diseases44. Notably, apoptosis, 
a topical component of emerging programmed 
cell death, can accelerate ALI progression17. Acti-
vated caspase-3 (downstream of NLRP3) is an 
attractive molecule in apoptosis, and caspase-3 
activation causes an ALI cascade45 (Figure 2). 
Sirtuin 3 (SIRT3), a mitochondrial member of the 
sirtuin family of NAD-dependent deacetylases, 
has been well-recognized for its antioxidant pro-
perties46. In a retrospective study, SIRT3 may be 
employed as a promising biomarker in the early 
diagnosis of lung cancer47. In addition, SIRT3 is 

essential for the inhibition of pulmonary fibrosis48. 
In mouse models of LPS-induced ALI, macropha-
ge reprogramming and mitochondrial superoxide 
formation by SIRT3 are critical mediators of the 
heightened inflammation and severity of lung 
injury49. The underlying protective mechanism of 
SIRT3 in ALI may consist of the following aspects: 
SIRT3 overexpression increases the protein level 
and enzyme activity of manganese superoxide 
dismutase (MnSOD) and inhibits oxidative stress 
in the lungs of ALI mice50. Additionally, AM-
P-activated protein kinase (AMPK) is a signaling 
modulator of SIRT3 in mitochondrial biosynthesis 
and homeostasis51. Furthermore, AMPK affects 
the downstream nuclear factor erythroid-2 related 
Factor 2 (Nrf2). Upon ALI, Nrf2 dissociates from 
Kelchlike ECH-associated protein 1 (Keap1), tran-
slocates to the nucleus, and binds to antioxidant 
response elements (ARs) in the promoter region 

Figure 1. TLR4-related signalling 
pathway. LPS activates TLR4 and its 
downstream effector Myd88, which 
further activates the NF-κB and 
MAPK signalling pathways, leading 
to increased IL-1β secretion, which in 
turn induces the development of ALI.

Figure   2.   JAK /STAT3-related 
signalling pathway. Activation of 
the JAK/STAT3 signalling pathway 
induces  NLRP3  act ivat ion  and 
apoptosis via caspase-1 or scorch 
death via caspase-3, which ultimately 
leads to ALI.

Figure 3. SIRT3-related signalling 
pathway. As an inhibitor of oxidative 
stress, SIRT3 promotes AMPK-
induced activation of Nrf2 and 
inhibits the inflammation-associated 
NF-κB pathway and NLRP3 pathway, 
further alleviating ALI.
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of cytoprotective genes52. Ultimately, the above 
protective effect inhibited NLRP3 and NF-κB 
activation and thus protected against LPS-induced 
lung injury in ALI mice52 (Figure 3).

Different Types of Programmed Cell 
Death Involved in ALI

Apoptosis, a form of programmed cell death, is 
an autonomously ordered cell death controlled by 
genes. Under pathological conditions, dysregulated 
apoptotic pathways have been shown to damage 
alveolar epithelial cells and endothelial cells53. The-
refore, apoptosis may be closely related to the seve-
rity of ALI, which has been confirmed in several 
studies. For example, extensive apoptosis of pulmo-
nary alveolar type II epithelial cells has been shown 
to be responsible for impaired epithelial barrier 
function and remodeling of certain mesenchymal 
cells in ALI53. In addition, uncontrolled activation 
of the apoptosis pathway results in inflammation 
and destruction of lung tissues, ultimately inducing 
lung cell death by apoptosis54, which also suggests 
that apoptosis has a major role in the mechanisms of 
ALI development. In particular, the mitochondrial 
pathway is very important in regulating apoptosis in 
the pathogenesis of ALI. After receiving stimulation 
to produce large amounts of ROS and/or inflamma-
tion in ALI, a complex of Bax and Bcl-2 proteins 
(key proteins for apoptosis) enters the mitochondria, 
increasing the permeability of the mitochondrial 
membrane and leading to a decrease in membrane 
potential (a hallmark event in the early stages of 
apoptosis)55. Additionally, the transcription factor 
p53, another proapoptotic regulator, is a trigger for 
DNA repair mechanisms and cell cycle arrest. The 
mechanism of action lies in the fact that p53 targets 
a promoter region that controls the expression of se-
veral pro-apoptotic Bax proteins2. Then, the above 
pathways lead to the activation of critical proteins 
that initiate apoptosis (cleaved caspase-9 and clea-

ved-caspase-3), causing the generation of apoptotic 
bodies and leading to apoptosis of lung epithelial 
cells56 (Figure 4). Ferroptosis is thought to be a 
novel form of regulated cell death characterized by 
lipid peroxidation, which is strongly dependent on 
the accumulation of iron and ROS57. Recent studies 
have confirmed that Nrf2 inhibits ferroptosis and 
protects against ALI by regulating SLC7A11 and 
HO-158. Nrf2 is a transcription factor that coordi-
nates basal and stress-induced activation of several 
cellular protection genes, such as free radicals, lipid 
peroxidation, and reactive oxygen species (ROS), 
byproducts of physiological and pathological cel-
lular processes occurring in mitochondria, peroxi-
somes, and endoplasmic reticulum59. In particular, 
lipid peroxidation is the key initiator of the fer-
roptosis cascade reaction60. A previous study also 
demonstrated that upregulation of Nrf2 expression 
conferred resistance to ferroptosis damage by inhi-
biting lipid peroxidation in ALI models58. Therefo-
re, we suggest that Nrf2 is a protective gene against 
ferroptosis damage in ALI models. Glutathione 
peroxidase 4 (GPX4), which is also an established 
transcriptional target of Nrf2, is a reducer of lipid 
peroxide against ferroptosis61. Glutathione (GSH), a 
simple tripeptide consisting of glutamate, cysteine, 
and glycine, is one of the most important compo-
nents of cellular antioxidant defense. Typically, 
GSH is used by GPX4 to reduce lipid peroxides 
to an alcoholic form, which can act as an anti-fer-
roptosis agent62. One study found that GSH and 
GPX4 were significantly reduced in LPS-induced 
ALI models, suggesting that they may be protecti-
ve regulators against ferroptosis in ALI mice63. 
SLC7A11 also plays an essential role in ferropto-
sis as a downstream target of Nrf2. Specifically, 
Nrf2 binds to antioxidant response elements in 
gene promoters and governs the transcription of 
genes involved in antioxidant defense and redox 
maintenance, including SLC7A1164. Inhibition of 
SLC7A11 indirectly inactivates GPX4 and incre-
ases toxic lipid peroxidation by reducing cystine 

Figure 4. Apoptosis-related signalling pathway. ROS, inflammation, and/or P53 cause elevated Bax and reduced Bcl-2, 
thereby inducing apoptosis in ALI. Then, the above pathways lead to the activation of critical proteins that initiate apoptosis 
(cleaved caspase-9 and cleaved caspase-3), eventually causing apoptosis and exacerbating ALI progression.
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input and limiting GSH synthesis, resulting in 
ferroptosis progression and ALI65. Furthermore, 
p53 is also one of the major ferroptosis regulators 
in the nucleus, which may improve ALI induced 
by intestinal ischemia/reperfusion. The detailed 
mechanism may be associated with inhibition of 
cysteine uptake through p53-mediated downregu-
lation of SLC7A11, thereby reducing GPX activity 
and GSH synthesis66 (Figure 5).

Autophagy is a self-degrading process that re-
moves misfolded or aggregated proteins, clears 
damaged organelles (such as mitochondria, endo-
plasmic reticulum, and peroxisomes), and elimina-
tes intracellular pathogens67. Numerous autophagy 
factors play vital roles in the pathological process 
of ALI. Activation of the PI3K/Akt/mTOR (pho-
sphatidylinositol-3-kinase/protein kinase B/mam-
malian target of rapamycin) signaling pathway 
inhibits autophagy in bronchial epithelial cells 
during ALI, which in turn relieves pulmonary 
fibrosis and lung inflammation68. As a serine/thre-
onine kinase, mTOR has a tight inverse coupling 
between its activation and autophagy induction: 
activation of mTOR inhibits autophagy through 
the phosphorylation of multiple autophagy-rela-
ted proteins, which promote autophagy initiation 
and autophagosome nucleation69. As a result, the 
expression of autophagy biomarkers (LC3, Be-
clin1, p62) is upregulated due to the activation 
of autophagy70. In addition, the cytoplasmic cle-
arance function of autophagy has an anti-inflam-

matory effect in any cell capable of activating 
autonomous inflammation, which is one of the 
main mechanisms underlying the protective effect 
of autophagy against ALI67,71. Nevertheless, several 
studies72 have suggested that autophagy may serve 
both protective and damaging functions in the 
progression of ALI. A previous study72 showed 
that the expression of inflammatory cytokines, 
histological injuries, and the expression level of 
NLRP3 inflammatory vesicle-associated protein 
were markedly reduced in a mouse model of ALI 
by enhancing autophagy with rapamycin. Howe-
ver, autophagy may also have a detrimental role 
in ALI pathogenesis under certain circumstances. 
For instance, activation of the NLRP3 inflamma-
some and subsequent release of IL-1β and IL-18 
could be initiated by increased LC3 expression 
in lung macrophages73, which may be related to 
the stage and level of autophagy and the disease 
evolution of ALI. This study74 elucidate the “dou-
ble-edged” role of autophagy in the pathogenesis 
of ALI, and researchers have summarized the 
following: 1) when autophagy is decreased from 
its basal level, autophagy is protective; 2) when 
autophagy is deleterious, it is generally upregula-
ted by stimulation; and 3) the endosomal/exosomal 
pathways may be associated with the deleterious 
function of autophagy in airway epithelial injury. 
Pyroptosis, also known as inflammatory necrosis, 
is a form of programmed cell death that occurs 
when cells swell until their membranes rupture, 

Figure 6. Autophagy-related signalling pathway. PI3K/AKT/mTOR negatively regulates autophagy signature proteins (LC3, 
Beclin1, p62), which can alleviate ALI progression.

Figure 5. Ferroptosis-related signalling pathway. Nrf2 can promote downstream transcription of SLC7A11. SLC7A11 further 
promotes GSH synthesis, increases GPX4 activity, and inhibits lipid peroxidation. Finally, ferroptosis and ALI can be alleviated.
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leading to the release of cellular contents and the 
activation of an intense inflammatory response75 
(Figure 6). Pyroptosis is an important natural im-
mune response in the body and plays an important 
role in the fight against infection. Pyroptosis is 
caspase 1 dependent, and its activation induces 
cell swelling, perforates the plasma membrane and 
leads to potassium efflux, resulting in the extra-
cellular release of proinflammatory substances76. 
Endothelial cell pyroptosis has a facilitative role 
in LPS-induced lung tissue injury in ALI mice77, 
and LPS induces NLRP3 inflammasome-mediated 
cell scorching by promoting ROS production78. In 
addition, the adaptor protein Apoptosis-Associated 
Speck-Like Protein Containing CARD plays a cri-
tical role in connecting pyrin domains connecting 
inflammasomes (such as NLRP3) to caspase-179. 
NLRP3 is oligomerized and exhibits clustered 
pyrin domains (PYDs) interacting with ASCs. 
The ASC-containing caspase recruitment domain 
(CARD) then interacts with the CARD of pro-ca-
spase-1, thereby activating caspase-180. Furthermo-
re, caspase-1 converts precursors of the proinflam-
matory cytokines IL-1β and IL-18 into their active 
forms (mature IL-1β and IL-18)81. Considering the 
enormous damaging role of inflammation in ALI, 
apoptosis inhibition and maturation of IL-1β and 
IL-18 may be important targets in the treatment of 
ALI21 (Figure 7).

Treatment of ALI with Traditional 
Chinese Medicine

The understanding of ALI/ARDS has impro-
ved considerably over the past decades. However, 
mortality remains high due to the limited efficacy 

of therapeutic approaches. Lung-protective mecha-
nical ventilation is currently the most effective 
nonpharmacological intervention, but it is only 
“temporary” and cannot be maintained in the long 
term3. In addition, some corticosteroid drugs also 
play a certain therapeutic role. However, the ensu-
ing side effects cannot be ignored82. Thus, we focus 
on Traditional Chinese Medicine, which may have 
fewer side effects and effective therapeutic roles.

Traditional Chinese Medicine, as a kind of 
natural product resource, plays an irreplaceable 
role in adjuvant therapy for ALI. The invention 
of Chinese herbal injection (CHI) is a critical 
innovation in the modernization of Traditional 
Chinese Medicine, and its utilization during ALI/
ARDS therapy has been widely accepted in Chi-
na83. For example, Xuebijing (XBJ) injection is 
effective in controlling the inflammatory respon-
se (to reduce the serum levels of IL-6, IL-8, 
and TNF-α) and thus is widely used for ALI/
ARDS and COVID-19 in China84,85. Its effects 
may be attributed to the multi-component com-
position of XBJ (safflower, peony, Ligusticum 
chuanxiong, Salvia miltiorrhiz, and Angelica), 
which operates through a “multicomponent, mul-
titarget, multi-pathway” approach32. Specifical-
ly, XBJ mainly relies on its anti-inflammatory, 
anticoagulant, immunomodulatory, endothelial 
protective, and antioxidant effects in ALI/ARDS 
therapy32. The other representative CHI is the 
Xiyanping injection (XYP). Andrographolide 
sulfonate, the active ingredient of XYP, is the 
water-soluble form of andrographolide, which has 
anti-inflammatory properties86. The efficacy of 
XYP in infectious pulmonary diseases has been 
confirmed by several clinical studies86-88, inclu-
ding COVID-19, pneumonia, and acute bronchi-

Figure 7. Pyroptosis-related signalling pathway. Reactive oxygen species lead to activation of NLRP3, which converts 
caspase-1 precursors to mature caspase-1, which in turn converts IL-18 and IL-1β precursors to mature forms, resulting in 
cell death and ALI.
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tis. However, in addition to the efficacy of CHI, 
the development of adverse effects should not be 
ignored. In China, of the 31,913 patients monito-
red on XBJ, 234 experienced adverse reactions, 
including skin pruritus, erythra, chest tightness, 
fever, and labored breathing89. Based on the resul-
ts of a prospective, post-marketing, large-scale, 
hospital-based centralized surveillance study90 
that collected a total of 30,759 patients who adop-
ted XYP, 23 patients experienced XYP-related 
adverse reactions. The most significant adverse 
reactions to XYP are allergic reactions, including 
rash, itching, and even anaphylaxis90. Therefore, 
monitoring for occasional adverse reactions and 
using CHI appropriately and based on its efficacy 
are important. Many studies91 of herbal ingre-
dients in the treatment of ALI have confirmed 
the beneficial effects of single herbs. Rhubarb is 
one of these representative medicines. Traditional 
Chinese Medicine (TCM) theory suggests that 
rhubarb has pharmacological effects of suppor-
ting defecation, relieving heat, and promoting 
blood circulation92. These effects are attributed to 
multiple natural active ingredients from rhubarb, 
including rhein, emodin, aloe emodin, physcion, 
and chrysophanol, for their antibacterial, antifibro-
tic, and anti-inflammatory efficacy93. To date, these 
main components of rhubarb have been shown to 
have beneficial therapeutic effects against ALI. 
For example, rhein inhibits human respiratory syn-
cytial virus-induced lung inflammatory injury by 
inhibiting NLRP3 inflammatory vesicle activation 
through the NF-κB pathway in mice94. Emodin 
attenuates silica-induced lung injury by inhibiting 
inflammation, apoptosis, and epithelial-mesenchy-
mal transition95. Scutellaria baicalensis ameliorates 
LPS-induced ALI by inhibiting inflammation in 
vitro and in vivo96. Due to the complex composition 
of Scutellaria baicalensis, the ingredients that play 
a role in healing can vary. Scutellaria baicalensis is 
used as a medicine in the root, the most dominant 
component of which is the flavonoid group97. The 
total flavonoid extract of Scutellaria baicalensis 
has huge potential in the treatment of ALI via its 
antiviral, anti-inflammatory, and anti-complement 
properties97. Furthermore, the most important of 
these flavonoid components is baicalin. Baicalin 
inhibits numerous inflammation-related signaling 
pathways owing to its strong anti-inflammatory 
effect. For instance, baicalein has been shown to 
inhibit NF-κB-mediated inflammatory responses 
and upregulate the Nrf2/HO-1 pathway for the 
treatment of LPS-induced ALI in rats98. Baica-
lin attenuates LPS-induced ALI in mice by inhi-

biting the TLR4/JNK/ERK/NF-κB pathway99. In 
addition, Bupleurum, another herb with beneficial 
anti-inflammatory effects, may be used as a poten-
tial treatment for ALI. In contrast, the therapeutic 
effect of the polysaccharide component of Bupleu-
rum on ALI has been more frequently reported100. 
The main anti-inflammatory effect of Bupleurum 
polysaccharide is due to inhibition of the TLR4, 
MAPK, and NF-κB signalling pathways, which in 
turn suppress the secretion of proinflammatory fac-
tors101. In addition to the above anti-inflammatory 
herbs, tonic herbs also have potential therapeutic 
effects on ALI. Licorice has an influential position 
in various formulas for its tonic and harmonizing 
effects and presents various modalities in the tre-
atment of ALI. Licorice reduced pulmonary oede-
ma and fibrosis, reduced malondialdehyde (MDA) 
levels and increased superoxide dismutase (SOD) 
activity in paraquat-induced ALI mice while also 
protecting the morphological appearance of lung 
tissue and protecting or improving liver and kidney 
function in mice, thus increasing survival rates102. 
In addition, glycyrrhizic acid, a major component 
of licorice, can mitigate ALI progression throu-
gh the regulation of autophagy by PI3K/AKT/
mTOR103. Furthermore, a few reports are available 
on the efficacy of some herbs for ALI, including 
Citrus aurantium and amygdalin104-106. 

In Traditional Chinese Medicine, herbal formu-
las have been the primary therapy for thousands 
of years. The representative formulas are as fol-
lows: Xiao-Chai-Hu-Tang, a classical formula of 
the “Treatise on Febrile Diseases”, has been widely 
used in China for thousands of years to remedy 
infectious diseases107. One study confirmed that 
Xiao Chai Hu Tang precisely inhibited activation 
of the NF-κB signaling pathway and, therefore, 
downstream inflammatory factors and chemokines 
in ALI mice108. Fusu agent, which is made from 
Aconitum carmichaelii Debx, Carapax Testudinis, 
Fructus Amomi, Rhizome Zingiberis, Radix Glycyr-
rhizae Prepa, rata and Herba Ephedrae, is widely 
applied in China for ALI therapy. Stabilization of 
mitochondrial membrane potential, activation of 
caspase-3-induced apoptosis, and reduction of ROS 
accumulation were the mechanisms by which the 
Fusu agent inhibited ALI. Meanwhile, Fusu agent 
treatment effectively inhibited the expression of he-
paranase 1 in vitro and in vivo, which played a vital 
role in endothelial cell injury11. Qing Ying Tang, a 
classic Chinese formula, is often used clinically to 
treat serious infectious diseases. Qing Ying Tang 
upregulates AQP-1 synthesis by suppressing the 
inflammatory response and reducing the secretion 
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of TNF-α, thereby reducing the extent of pulmo-
nary edema and mitigating ALI progression109. In 
addition, several Chinese medicinal preparations, 
such as Liang Di San, Xia Bai San, Sheng Lung 
Healing Asthma Tang, and Wild Chrysanthemum 
Capsules, can alleviate ALI progression through 
anti-inflammatory effects110-113. However, based on 
both clinical and basic studies113 confirming the 
efficacy of herbal formulas for ALI, we did not find 
strong evidence for the study of the pharmacolo-
gical basis of these herbal formulas. The complex 
composition of herbs is a double-edged sword. On 
the one hand, this complex composition forms the 
basis of the medicinal effect, but it also hinders fur-
ther intensification of herbal research. Even though 
methods such as liquid mass spectrometry (LC-MS) 
and gas chromatography (GC-MS) are available 
for analyses of herbal formula components, their 
high price and analytical errors have hindered the 
progress of herbal medicine research. As a unique 
form of therapy in Traditional Chinese Medicine, 
acupuncture is extremely useful in the treatment of 
acute diseases. Thousands of years ago, acupunctu-
re was documented in “Zhenjiu jiayi jing” to treat 
lung diseases. Acupuncture targeting some specific 
points can provide good therapeutic effects. For 
example, stimulation of acupuncture points of ST-
36 (Zusanli) and lung acupoints in a model of ALI 
was found to effectively reduce apoptosis, increase 
HO-1 expression, and alleviate the progression of 
lung injury114. In addition, the concept of treating 
untreated patients is the core idea of TCM, and the 
role of acupuncture in preventing ALI should not 
be overlooked. Acute lung injury was induced with 
LPS after pre-acupuncture of the ST-36 (Zusanli), 
and acupuncture was found to confer a good pre-
ventive effect, reducing the degree of lung injury, 
lung iNOS expression, and lung NO biosynthesis115. 
However, the lack of randomized, double-blind con-
trolled studies and compelling clinical evidence 
remains an obstacle to acupuncture use for lung 
injury. 

Conclusions

ALI/ARDS is a serious clinical syndrome with 
a very high mortality rate and a poor prognosis. 
In this review, we summarize the main biomar-
kers and signalling pathways of ALI to facilitate 
clinical research. Furthermore, we have sum-
marized the efficacy of current TCM treatments 
for ALI. TCM has shown considerable potential 
benefits in the treatment of ALI/ARDS. However, 

RCT studies with a high level of medical eviden-
ce based on clinically good efficacy are lacking, 
which might restrict the clinical use of TCM for 
ALI. In addition, research on Chinese medicinal 
ingredients will also be on the agenda. These 
items will be the focus of future research. The 
development and application of TCM still require 
extensive effort, but we must start immediately.
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