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Abstract: Pulmonary fibrosis (PF) is a disease-refractive lung condition with an increased rate of mortal-
ity. The potential factors causing PF include viral infections, radiation exposure, and toxic airborne chem-
icals. Idiopathic PF (IPF) is related to pneumonia affecting the elderly and is characterized by recurring 
scar formation in the lungs. An impaired wound healing process, defined by the dysregulated aggrega-
tion of extracellular matrix components, triggers fibrotic scar formation in the lungs. The potential path-
ogenesis includes oxidative stress, altered cell signaling, inflammation, etc. Nintedanib and pirfenidone 
have been approved with a conditional endorsement for the management of IPF. In addition, natural 
product-based treatment strategies have shown promising results in treating PF. In this study, we re-
viewed the recently published literature and discussed the potential uses of natural products, classified 
into three types—isolated active compounds, crude extracts of plants, and traditional medicine, consist-
ing of mixtures of different plant products—in treating PF. These natural products are promising in the 
treatment of PF via inhibiting inflammation, oxidative stress, and endothelial mesenchymal transition, 
as well as affecting TGF-β-mediated cell signaling, etc. Based on the current review, we have revealed 
the signaling mechanisms of PF pathogenesis and the potential opportunities offered by natural product-
based medicine in treating PF. 
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1. Introduction 
Pulmonary fibrosis (PF) is defined as a diverse set of lung illnesses manifested by the 

gradual and permanent deterioration of the lung architecture, induced by scar formation, 
which eventually results in organ dysfunction, interruption of gas exchange, and mortal-
ity from respiratory failure [1,2]. IPF is a chronic, recurrent form of fibrosing interstitial 
pneumonia that primarily affects elderly persons and is restricted to the lungs. Consider-
ing the growing attention to the pathophysiology of IPF, the disease continues to have a 
poor prognosis [3,4]. Moreover, IPF is a very aggressive type of pulmonary fibrosis with 
an unclear etiology and a 2–6-year survival rate following diagnosis [3,5]. After viral in-
fection or exposure to chemotherapeutic medications, radiotherapy, or environmental 
toxins, PF can also progress [6,7]. Additionally, PF develops in multiple bone marrow 
transplant patients who have continuous grafts against host disease and in a group of 
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people who have long-term inflammatory disorders such as rheumatoid arthritis or scle-
roderma [8]. Reportedly, lung transplantation is an efficient treatment for developing lung 
fibrosis. 

Even though PF can progress with the deficiency of a specific initiating factor and 
can reach a clinically apparent acute inflammatory stage, it is more frequently linked with 
significant lung damage triggered by respiratory infections, persistent granulomatous ill-
nesses, drug side effects, or connective tissue abnormalities [9,10]. In addition, PF is a vital 
component of the pathogenesis of MERS and SARS, as demonstrated by clinical, autopsy, 
and radiographic evidence [11–13]. Given the lack of a documented, effective, and specific 
treatment for pulmonary fibrosis, risk mitigation efforts are implemented to reduce the 
intensity of the infection and to shield the lung from additional accidental damage. 

The promising anti-PF role of natural compounds has garnered growing interest over 
the last two decades, although it remains poorly understood. The potential benefits of 
natural products include their numerous biological properties and robust safety stand-
ards, which are essential elements in the prevention and treatment of pulmonary fibrosis 
[14]. 

2. Detailed Pathogenesis of Pulmonary Fibrosis 
PF refers to a category of lung diseases distinguished by the gradual and permanent 

deterioration of the lung infrastructure triggered by scar development, which gradually 
contributes to organ dysfunction [15,16], the disturbance of gas exchange [17,18], and mor-
tality due to respiratory impairment [19]. IPF is a persistent, systemic lung condition de-
fined by recurrent lung scarring and a histological image similar to the usual image of 
interstitial pneumonia. PF is connected to a worsening cough and dyspnea and reduced 
life expectancy [7,20]. PF can also occur following viral infections and exposure to radia-
tion, airborne toxic chemicals, and chemotherapeutic drugs [21–24]. Lung transplantation 
is presently the most effective treatment for progressive lung fibrosis. The British Thoracic 
Society made a weak recommendation for the use of prednisolone, N-acetylcysteine, and 
azathioprine for treating PF [25]. Nintedanib and pirfenidone were authorized, with a 
conditional endorsement, for the management of IPF in 2014 [26]. A recent study demon-
strated that nintedanib and pirfenidone had similar and favorable safety profiles, whereas 
N-acetylcysteine showed an elevated risk of adverse effects [27]. 

Repair of injured tissues is a necessary biological feature that enables orderly regen-
eration for defective or diseased cells [28]. Nevertheless, there are cases in which this 
mechanism appears to be poorly developed. In that case, it may result in the formation of 
a perpetual fibrotic “scar” at the source of tissue damage, which is defined by an irregular 
aggregation of extracellular matrix (ECM) constituents (e.g., fibronectin, interstitial colla-
gens, hyaluronic acid, and proteoglycans) [29]. Consequently, fibrogenesis is often de-
scribed as an irrational wound-repairing method [30,31]. Wound healing progresses in 
four phases: coagulation/clotting, inflammation, fibroblast proliferation/migration, and 
an ultimate renovating process that restores ordinary tissue structure (Figure 1). Endothe-
lial cells and epithelial cells unleash inflammatory mediators (IMs) in the initial phases of 
tissue injury, triggering an antifibrinolytic-coagulation mechanism that induces clotting 
and the formation of a tentative ECM [1]. Platelet accumulation and eventual degranula-
tion facilitate dilation, the penetrability of blood vessels, and the effective recruiting of 
inflammatory cells (e.g., eosinophils, macrophages, neutrophils, and lymphocytes) to the 
site of injury [7]. Although neutrophils are the most plentiful inflammatory cells during 
the initial phases of injury repair, they are rapidly substituted by macrophages following 
neutrophil degranulation. Enabled macrophages and neutrophils disinfect the injury and 
remove any interfering species throughout the initial leukocyte migrating cycle [32,33]. 
Additionally, they comprise a combination of chemokines and cytokines, which enhance 
the inflammatory mechanism and stimulate fibroblast proliferation and mobilization. My-
ofibroblasts are assembled from several sources, including fibrocytes, local mesenchymal 
cells, and the endothelial mesenchymal transition (EMT) pathway [34,35]. Nevertheless, 
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the relative significance of each fibroblast population remains unknown. If stimulated, 
fibroblasts differentiate into myofibroblasts that convey α-smooth muscle actin (α-SMA) 
and release ECM elements [30,32]. Ultimately, throughout the injury growth and devel-
opment period, myofibroblasts stimulate injury contraction, a mechanism through which 
the wound’s edges move toward the middle, and the epithelial/endothelial cells differen-
tiate and expand through the temporary matrix to rebuild the weakened tissue [1,36]. Fi-
brosis occurs when an injury is aggressive, when an irritant remains that damages the 
tissue, or when the healing mechanism is disrupted [1]. 

Even though several manifestations of PF can be reliably established and investigated 
in rodents, including particulate matter (e.g., silica and asbestos), drugs (e.g., bleomycin), 
bronchiolitis obliterans, radiation, and persistent graft-versus-host–induced PF, it remains 
uncertain whether all of the experimental models genuinely replicate the idiopathic aspect 
of the disease [37]. On the contrary, several significant advancements have been made 
using mouse models, with transgenic and knockout mice characterized by improved or 
diminished sensitivity to PF. Although approximately two decades of investigations have 
established that TGF-α performs a critical function in the pathogenesis of PF by activating, 
proliferating, and differentiating collagen-producing myofibroblasts and epithelial cells, 
no advancement has been reported in translating TGF-α cascade antagonists from the 
platform to the bedside [38,39]. 

Based on the available evidence, it appears that the mediators involved in inflamma-
tion may be critical for both the initiation and the development of PF [40,41]. IL-17A has 
been linked to the pathogenesis of PF [42–44]. IL-17A levels are elevated in the bron-
choalveolar lavage (BAL) of convalescents with IPF. The presence of IL-17A is consistent 
with chronic neutrophilia in a host of lung diseases, including cystic fibrosis and bacterial 
pneumonia [44–46]. Bleomycin (BLM)-induced IL-17A formation is also strongly focused 
on TGF-β1 sensing, and recombinant IL-17A-induced fibrosis is based on TGF-β1-down-
stream profibrotic involvement, implying that IL-17A and TGF-β1 perform a cooperative 
feature in the progression of PF [44]. Moreover, IL-13 has been commonly attributed to 
several systemic inflammatory disorders and to fibrosis progression [47]. IL-33 is a pow-
erful stimulator of cutaneous fibrosis induced by IL-13 [48]. This study addresses some of 
these groundbreaking findings and demonstrates how these novel targets and therapeutic 
strategies could be used to combat this increasingly complex and heterogeneous disease. 

 
Figure 1. Pathogenesis of pulmonary fibrosis. Following lung injury, epithelial cells unleash inflam-
matory mediators (IMs) that activate an antifibrinolytic coagulation mechanism, resulting in platelet 
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stimulation and blood clot initiation. The activated leukocytes secrete profibrotic cytokines, includ-
ing TNF, IL-1β, IL-13, and TGF-β. Additionally, this enables neutrophils and macrophages to expel 
dead cells and any aggressive organisms. Subsequently, bone marrow (BM) fibrocytes and resident 
fibroblasts propagate and develop into myofibroblasts and secrete ECM elements. Furthermore, fi-
broblasts and myofibroblasts may be produced from epithelial cells that have undergone EMT. The 
myofibroblasts further facilitate wound healing during the ultimate redecorating and resolution 
process, resulting in wound contraction and blood vessel regeneration. Fibrosis often occurs if some 
phase of the tissue regeneration process is poorly developed or if the lung-damaging stimuli con-
tinue. TGF-β also acts on epithelial cells, causing EMT and the development of the myofibroblasts 
that produce ECM. TGF-β1 aggravates the inflammatory activity further by inducing Th17 cell dif-
ferentiation, leading to PF. Likewise, the epithelial cells produce IL-33, IL-25, and TSLP in response 
to damage, promoting the production of profibrotic Th2 responses. T cells also have IL-25 and IL-
21, which facilitate Th2 differentiation. The Th2 cells produce IL-13, enabling a profibrotic macro-
phage subpopulation (PMS) that releases TGF-β1 and other mediators. Additionally, unaided IL-13 
can actively trigger the fibroblasts of TGF-β1. Consequently, Th2 cytokines induce unique chemo-
kines that facilitate the activity of collagen-secreting fibrocytes (CSFs) from the bone marrow (BM), 
amplifying the fibrotic responses. As a result, myofibroblasts form to unlock ECM elements and, 
therefore, lead to PF development. 

3. Soluble Immune Modulators in Pulmonary Fibrosis 
Fibrosis develops during the dysregulated wound healing process through the dif-

ferentiation and proliferation of fibroblasts to pro-fibrotic and apoptosis-resistant myofi-
broblasts [49]. The highly active myofibroblasts are further affected by various cytokines, 
chemokines, and growth factors. The involvement of diverse immune cells, e.g., neutro-
phils, phagocytes, fibrocytes, and T cells, as well as soluble mediators, e.g., cytokines and 
chemokines, indicates their roles in pulmonary fibrosis [32]. 

3.1. Transforming Growth Factor-Beta-1 (TGF-β1) 
TGF-β1 is most commonly involved in the pathogenesis of PF [50]. Various studies 

on the TGF-β1-based PF progression mechanisms include the activation of the ERK, 
MAPK, and phosphatidylinositol 3-kinase/Akt pathways [51,52]. TGF-β1 also induces the 
transcription of pro-collagen I and II via the activation of the serine/threonine kinase and 
Smad2/3 pathways [53]. Moreover, TGF-β1 promotes the proliferation of fibroblasts via 
vascular cell adhesion molecules 1 [54] and the differentiation of fibroblasts to myofibro-
blasts through the induction of α-SMA [55] and galectin-3 [56]. Furthermore, glycogen 
synthase kinase-3 mediates the induction of TGF-β1 differentiated myofibroblasts [57]. 
Several therapeutic approaches are underway targeting TGF-β1 to treat PF. Monoclonal 
antibodies targeting TGF-β1 [58], the inhibition of integrin protein αvβ6 [59], which is an 
activator of TGF-β1, and the inhibition of the type 1 receptor of TGF-β1 [60] have proven 
to be effective in alleviating PF. Moreover, the paclitaxel-mediated upregulation of miR-
140 results in the downregulation of the TGF-β1/Smad3 pathway and inhibits PF [61]. 

3.2. IL-17 
The atypical expression of IL-17 has been linked with several lung disorders, such as 

pulmonary fibrosis, asthma, and pneumonitis [62]. Recent pieces of evidence support the 
profibrotic role of IL-17 through the promotion of EMT and the synthesis of collagens via 
the activation of TGF-β1 [44,63]. However, some conflicting reports show the production 
of IL-17 in BLM-induced PF by γδ T cells, and mice that are deficient in this T cell subtype 
show reduced inflammatory responses [64]. The nullification of IL-17-mediated effects is 
evident in silica-induced PF and results in reduced neutrophil recruitment, Th17 cells, and 
IL6/IL1β production and an increase in the levels of T-regulatory cells [65]. Although there 
are deviations in other reports because the source of IL-17 may differ, the IL-17-/- mice 
were found to be resistant to BLM-induced fibrosis [66]. Moreover, the stimulation of fi-
broblasts by IL-17 results in the activation of NF-κB, which can be inhibited by inhibiting 
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the IL-17R-associated adaptor protein NF-κB activator 1 (Act1) [67]. The upstream activa-
tors of Th17 cells that produce IL-17, such as B cell-activating factor [68], IL-27 [69], oste-
opontin [70], and adenosine [71], are increased during fibrosis. 

3.3. IL-1β 
Both silica- and BLM-induced PF results in increased NALP3 inflammasome-medi-

ated cytokine IL-1β activity [72] and the overexpression of IL-1β mRNA [73]. Recombinant 
IL-1β induces PF pathology and the inhibition of the IL-1β receptor attenuated disease 
pathology [74]. The potent NALP3 inflammasome activators, such as ATP and uric acid, 
are increased in the BAL fluid of IPF patients and in BLM-induced PF [75]. IL-1β is also 
well known to collaborate with IL-17, as validated in the fibrosis caused by the inhibition 
of IL-1β signaling [76,77]. 

3.4. IL-13 
IL-13 is produced from diverse origins, notably Th2 lymphocytes, alternatively acti-

vated macrophages variant M2a, mast cells, eosinophils, and basophils [78]. Increased IL-
13 was found in PF animal models, and the inhibition of IL-13 resulted in reduced fibrotic 
processes. IL-13-mediated fibrotic events have been initiated via the differentiation of fi-
broblasts and the release of profibrotic cytokines, e.g., TGF-β, PDGF, and connective tissue 
growth factor collagen-1 [79,80]. Increased levels of IL-13 [81] and the overexpression of 
IL-4 and IL-13 receptors [82] were reported in samples obtained from IPF patients. Nota-
bly, the signaling downstream of IL-13 is mediated through IL-4Rα, IL-13Rα1, and IL-
13Rα2 [83]. The implementation of antibody-based therapy against IL-13 (Anti-IL-13) in 
treating PF revealed that a potent candidate, tralokinumab, reduced matrix accumulation, 
lung apoptosis, and lung fibrosis. Tralokinumab also reduced histological, circulating, 
and lung-associated fibrotic biomarkers in the SCID mouse model [84]. 

3.5. PDGF 
PDGF plays a crucial role in the proliferation and differentiation of lung fibroblasts. 

Overexpression of PDGF has been observed in the macrophages and epithelial cells of 
clinical IPF lung tissue. Therapeutic approaches made with imatinib, a PDGF-tyrosine ki-
nase inhibitor, aiming to inhibit PDGFR, c-KIT, and Bcr-Abl, significantly attenuated fi-
brosis in both BLM- and radiation-induced PF [85]. However, despite promising results 
in preclinical studies, imatinib failed to pass clinical trials [86]. A potent inhibitor of 
PDGFR named nintedanib has been introduced and has obtained approval from the FDA, 
along with pirfenidone to treat IPF [87]. 

3.6. IL-6, -8, and -37 
Recent clinical data have shown increased IL-6 and IL-8 in acute exacerbated-IPF pa-

tients compared to IPF patients. However, the IL-4, IL-10, and IL-13 TGF-β levels are not 
significantly altered in different disease outcomes [88]. Treatment with the anti-inflam-
matory cytokine IL-37 attenuated BLM-induced PF by inhibiting collagen deposition and 
inflammatory infiltration into the lungs. IL-37 treatment reduced MCP-1, IL-6, and TNF-
α expression and induced IFN-γ expression in lung tissue [89]. 

3.7. CCL2, 17, 18, and CXCL12 
The clinical data demonstrated an increased CCL2 level in the serum and BAL fluid 

of IPF patients [90]. CCR2-knockout mice show reduced ECM deposition and matrix met-
alloproteinase (MMP)-2 and -9 production. The IL-10-dependent activation of M2 macro-
phages, ERK1/2-mediated IL-6 production, and IL-6/STAT signaling-dependent inhibi-
tion of the apoptosis of fibroblasts are stimulated by CCL2 [32]. Both CCL17 and its recep-
tor CCR4 are overexpressed in both murine models and IPF patients [91]. The neutraliza-
tion of CCL17 is beneficial in attenuating pulmonary fibrosis. Increased levels of CCL18 
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were identified in the BAL fluid, sputum, and serum of IPF patients [92]. The role of 
CCL18 in disease progression is evident through the increased collagen synthesis from 
fibroblasts [93]. CXCL12 and its receptor CXCR4 induce the differentiation of fibroblasts 
to myofibroblasts through the action of Rac1/ERK and JNK signaling and the induction of 
activator protein-1 [94]. The neutralization of CXCL12 and CXCR4 antagonism attenuates 
fibrotic collagen deposition and murine PF [95,96]. 

4. Potential Therapeutic Targets of PF 
An array of therapeutic targets has been identified for the treatment, diagnosis, and 

prognosis of PF. The most notable include cytokines, chemokine, growth factors, cell sig-
naling mediators, collagen remodeling systems, and transcription factors. The potential 
therapeutic targets of PF are illustrated in Figure 2. 

 
Figure 2. Potential therapeutic targets aiming at the mechanism of IPF. Environmental micro-in-
juries, genetic and epigenetic effects, and thus microbial activities influence the activation pathways 
and factors that are the inducers of fibrosis and myofibroblast formation. The complex interrelation 



Molecules 2022, 27, 1481 7 of 33 
 

 

among key signaling molecules and factors is depicted in this figure, indicating the potential targets 
for the treatment of IPF identified over years of research. 

4.1. Targeted Antioxidative Pathways 
Oxidative stress is one of the main factors linked with the pathogenesis of IPF, and 

reactive oxygen species (ROS)-generating NADPH oxidase (NOX) enzymes are the main 
inducers. Several NOX isoforms are liable to fibrotic tissue events. The mentioned NOX 
isoforms are NOX1 [97–100], NOX2, and NOX4 [101]. In IPF, the release of cytokines, e.g., 
TNF-α, is elevated due to the oxidative environment. This induces inducible nitric oxide 
synthase (iNOS), which is liable to nitric oxide (NO) synthesis and plays a vital role in the 
pathogenesis of IPF [102,103]. 

4.2. Targeted Cell Signaling Pathways 
The PI3K/Akt/mTOR pathway plays a crucial role in regulating metabolism, cell pro-

liferation, and survival. The evidence shows that fibroblast proliferation and differentia-
tion, regulated by the action of TGF-β, can be reduced by inhibiting the PI3K/Akt pathway 
[104,105]. Omipalisib (GSK2126458), used in the advanced level solid tumor treatment, 
has been evaluated in clinical trials for IPF, targeting the PI3K/Akt/mTOR pathway [106]. 
G-protein coupled receptors (GPCRs) are implicated in the disease progression of IPF by 
activating profibrotic fibroblast promotion [107]. GPR40 and GPR84 are two GPCRs con-
taining free fatty acids, and medium-chain free fatty acids cooperating with long-chain 
free fatty acids play a crucial role in activating GPR40. In the mouse model, GPR40 genetic 
deletion expresses the result of kidney fibrosis, whereas GPR84 deletion shows protective 
effects [108]. Fibroblast recruitment in the BLM model of fibrosis is conducted using lyso-
phosphatidic acid (LPA) via the receptor LPA1, which causes an elevation in vascular per-
meability and subsequent lung injury [109]. 

Autotaxin, which is elevated in IPF lung tissue, converts lysophospholipids to LPA. 
This evidence has led to increased attention being paid towards autotaxin as a potential 
therapeutic target [110,111]. Mice with BLM-induced lung fibrosis show a decreased level 
of fibroblast recruitment and vascular leakage when the genetic deletion of LPA1 is im-
plemented [108,109,112]. 

Rho-associated coiled-coil-forming protein kinase (RhoA/ROCK) is a member of the 
serine-threonine kinase family that plays a vital role in the wound healing process to re-
form cytoskeletal elements through actomyosin contraction and actin assembly [113]. Fi-
brotic lesions from mouse models and IPF patients show an increased level of ROCK ac-
tivity. At the injury site, this induces the profibrotic activation of fibroblasts and epithelial 
and endothelial cells [114,115]. Clinical studies of the use of fasudil to inhibit ROCK 
showed that it reduces the number of immune cells in BAL fluid [116,117]. According to 
Knipe et al., regarding haploinsufficiency studies, both ROCK1 and ROCK2 provide a 
shield against BLM-associated progression [118,119]. As a member of the MAPK family, 
stimulated by cytokines and other stress stimuli, JNK modulates different kinds of biolog-
ical processes involved in the progression of tumor and neurodegenerative diseases [120]. 
An elevated level of phosphorylated JNK has been found in several types of cells, includ-
ing the AEC, vascular endothelial cells, alveolar macrophages, smooth muscle cells, and 
lymphocytes of the lungs of IPF patients [121]. An outstanding clinical result regarding 
JNK inhibition extended the application of CC 930 into phase II clinical trials 
(NCT01203943) [106]. 

4.3. Targeted Cytokines and Chemokines 
An elevated level of interleukin-13 was found in patients with IPF [80]. Furthermore, 

mouse models investigating the age of fibrotic progression showed the same scenario 
[122]. Multiple interactions with the macrophage CCL2 and TGF-β and IL-13 show a com-
plex signaling network in the experimental environment both in vitro and in vivo [123–
127]. IL-13, also known as a Th2 cell cytokine, ameliorates lung fibrosis in the experimental 
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mouse model [79,128]. The lysyl oxidase (LOX) enzyme group induces fibroblast growth 
by cross-linking type 1 collagen molecules via deamination between lysyl and hydroxyly-
sine residues. An elevated level of LOX ligand (LOXL)-2 expression indicates premature 
senescence [129,130] and the promotion of cell proliferation [129,131]. The application of 
a monoclonal antibody AB0024 inhibits LOXL-2 and decreases the levels of activated fi-
broblasts and downregulates the TGF-β signaling pathway [132,133]. 

4.4. Targeted EMT Pathways 
Epithelial cells turn into cell types with mesenchymal properties, thus modifying 

their shape, increasing their motility, and leading to the emergence of mesenchymal mark-
ers, e.g., N-cadherin (CDH2), vimentin, and α-SMA [134]. This transition of epithelial cells 
to mesenchymal properties leads to the progression of myofibroblast formation and is 
thus another key player in IPF pathogenesis [135]. Wnt signaling is crucial in pulmonary 
fibrosis as research data show that applying Wnt1-inducible signaling pathway protein-1 
neutralizing antibodies to BLM-treated mice attenuates the progression of IPF [136]. Wnt 
signaling could be a possible crucial therapeutic target for IPF. Dysregulation of MMPs 
stimulates fibroblast proliferation and extends the event of ECM accumulation and con-
sequently becomes an essential inducer of pulmonary fibrosis development [134]. MMP 
inhibition could be a retrospective target for the disease management of IPF [135]. 

4.5. Targeted Growth Factors 
TGF-β induces epithelial cells, endothelial cells, and mesenchymal cells to influence 

fibroblast proliferation, chemotaxis, and ECM deposition. Connective tissue growth factor 
(CTGF) acts as a potent inducer of TGF-β, and an elevated level of CTGF has been found 
in the BAL fluid of IPF patients [137]. The application of anti-CTGF antibodies in a murine 
BLM-induced fibrosis model showed a promising reduction in the pathological signs of 
fibrosis [138]. Another phase II trial study of FG-3019, a human anti-CTGF antibody, is 
underway to determine the safety and efficacy of this antibody in IPF patients (clinicaltri-
als.gov identifier NCT01890265) [133]. Aberrant expression of PDGF, VEGF, and FGF, also 
known as tyrosine kinase receptor ligands, is found in IPF patients [139]. In IPF pathogen-
esis, PDGF induces the secretion of ECM components and growth factors in fibroblasts 
[7]. Therefore, PDGF-dependent profibrotic activity is expressed by TGFβ1, FGF, and 
TNFα [140–142]. PDGF also maintains VEGF expression, and this evidence shows that 
CTGF, PDGF, VEGF, FGF, and TGFβ1 are the most crucial inducers of IPF [143,144], and 
recent therapeutic developments have aimed at these due to their critical roles in the path-
ogenesis of IPF. 

4.6. Targeted Transcription Factors 
A conserved DNA-binding domain known as the forkhead box (FoxOs) is part of a 

transcriptional regulator family consisting of four isoforms, FoxO1, FoxO3, FoxO4, and 
FoxO6 in mammals [103]. FoxO3 plays a vital role in myofibroblast formation from fibro-
blasts by suppressing phenotypic changes, where the stimulation of FoxO3 by UCN-01 
can turn back the phenotypic change and halt the progression of IPF, and this provides 
evidence that FoxO3 could be a possible novel target in the treatment of IPF [103]. Heat-
shock protein (HSP) 90 is involved in the nuclear localization of Smad, which is the regu-
lating factor in the Smad-dependent signaling cascade of TGF-β [145]. As the leading cy-
tokine in the EMT pathway of IPF progression, TGF-β, in association with HSP90, induces 
a myofibroblastic phenotypic change of the epithelial cell structure and ECM production 
[146,147]. 
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4.7. Others 
Pentraxin 2 (PTX-2) is one of the most important members of the pentraxin family. In 

the responses of the innate immune system, PTX-2 plays a vital role, including the bind-
ing, activation, and regulation of monocytes, macrophages, and neutrophils [148]. PTX-2 
causes the differentiation of monocytes into regulatory macrophages [149]. A phase 1 trial 
(NCT01254409) for PRM-151 (recombinant human PTX-2) has been conducted [150]. The 
expression of TGF-β receptors on the cell surface of amniotic epithelial cells is regulated 
by galectin-3, and β-galactoside-binding lectin also influences TGF-β-induced lung fibro-
sis [56]. Galectin-3-knockout BLM-treated mice showed significant changes in fibrosis 
progression due to a reduction in their lung collagen level and subsequent lung fibrosis. 
In response to TGF-β, a decreased level of myofibroblast activation, EMT, and collagen I 
production have also been documented [56]. Cell adhesion to the ECM and adjacent cells 
is modulated by transmembrane receptors, such as integrin, which play a vital role in 
activating intracellular signaling by interacting with the cell cytoskeleton [151]. In the fi-
brotic areas, type I and Type II AECs express integrin αvβ6 in a decisive manner, as esti-
mated through the immunostaining of IPF lung tissues, related to a higher risk of death 
with an elevated level of αvβ6 [59,152]. Furthermore, a low-dose treatment study on a 
BLM mouse model showed that applying a monoclonal antibody to αvβ6 has the poten-
tiality to attenuate fibrosis [59,111]. 

5. Methodology 
Articles published between January 2015 and December 2020 in English were con-

sidered eligible for our study. PubMed, Google Scholar, and the ISI Web of Science were 
systematically searched to explore the experimental and clinical data based on the thera-
peutic role of natural products on pulmonary fibrosis. A total of 216 articles were retrieved 
from the database. Irrelevant, non-English, redundantly reported compounds, and review 
articles were excluded. Finally, 93 original research articles were reviewed for the success-
ful intervention of experimental and clinical results. 

6. Natural Products against Pulmonary Fibrosis with Specific Mechanisms of Action 
Natural product-based treatment strategies were found to be very promising in treat-

ing PF in preclinical and clinical studies. We have reviewed the recently published litera-
ture. The natural products are classified into active compounds, most of which are plant 
secondary metabolites, crude extract of plants, and traditional herbal medicine, consisting 
of mixtures of different plant products (root, stem, fruits, seeds, etc.). 

Secondary metabolites are chemical compounds produced by plants through the 
metabolic process and are not directly involved in the plants’ growth and reproduction. 
Secondary metabolites that play essential roles in treating pulmonary fibrosis include al-
kaloids, aristolactams, oxoaporphines, amides, indoles, ionones, flavonoids, benzenoids, 
and steroids, as well as different volatile oils, lipophilic diterpene, tannins, essential oils, 
triterpenoid, phenolic compound, xanthone, etc. Table 1 summarizes the therapeutic po-
tential of isolated natural products used against PF. Moreover, the organic and aqueous 
extracts of medicinal plants that effectively alleviate PF disease are summarized in Table 
2. Traditional Chinese herbal medicines are prepared mainly via decoction procedures 
that include boiling plant components, e.g., the stem, bark, leaves, roots, etc. Effective de-
coction formulas are available for treating experimental PF disease (Table 3). 
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Table 1. Isolated active compounds from secondary plant metabolites. 

No. 
Active Com-

pound  Structure Categories Source  
Experiment 

Model  Therapeutic Target Ref. 

1.  β-carbolines 
 

Alkaloid 
Arenaria kan-

suensis 

In vivo: BLM-in-
duced PF mice; in 

vitro: A549, 
RAW264 

Inhibiting NF-
κB/p65 and EMT 

transition 
[153] 

2.  Coelonin 

 

Dihydrophe-
nanthrene 

Bletilla striata In vivo: BLM-in-
duced PF rats 

Anti-inflammatory 
and anti-fibrotic [154] 

3.  Celastrol  
 

Triterpenoid 

Tripterygium 
wilfordii and 

Celastrus rege-
lii. 

In vivo: BLM-in-
duced PF rats; in 
vitro: A549 cells 

TGF-β1/Smad2/3-
mediated inhibition 

of EMT 
[155] 

4.  
Magnesium 

isoglycyrrhizi-
nate (MgIG) 

 

Triterpenoid 
saponin glyco-

side 

Glycyrrhiza 
glabra 

In vivo: radiation-
induced PF mice; 
in vitro: human 
fetal lung fibro-
blasts-1 (HFL1) 

Inhibiting fibroblast 
differentiation via 

p38MAPK/Akt/Nox
4 pathway 

[156] 

5.  Alpha-mangos-
tin (α-MG) 

 

Xanthone 
Mangosteen 

(Garcinia man-
gostana) 

In vivo: BLM-in-
duced PF mice; in 
vitro: mouse pri-
mary lung fibro-

blasts (PLFs) 

Inhibiting AMP-ac-
tivated protein ki-

nase 
[157] 

6.  Gambogic acid 
 

Xanthonoid  
Garcinia han-

buryi 

In vivo: BLM-in-
duced PF rats. In 

vitro: HLF-1, 
HPMECs, and 

A549 cells 

Reversing EMT and 
suppress TGF-

β1/Smad3 pathway 
[158] 

7.  
 Salvianolic 
acid B (SAB) 

 

Polyphenol 
Salviae miltior-

rhiza  

In vivo: BLM-in-
duced PF mice; in 
vitro: NIH/3T3 fi-
broblasts, MRC-5 
fibroblasts, A549 

cells 

Inhibiting TGF-β 
signaling [159] 

8.  Curcumin and 
curcumol 

 

Curcuminoid 
Rhizomes of 

Curcuma zedo-
aria 

in vitro: human 
lung fibroblast 

(HLF) 

Inhibiting collagen 
deposition via au-

tophagy mechanism 
[160] 

9.  Polydatin (PD) 

 

Resveratrol 
glucoside  

Polygonum 
cuspidatum 

In vivo: MP-in-
duced PF mice; in 

vitro: BEAS-2B 
cells 

NLRP3 inflam-
masome and NF-κB 

pathway 
[161] 

10.  Gentiopicro-
side(GPS) 

 

Secoiridoid 
glycoside 

Gentiana 
scabra, Genti-

ana lutea 

In vivo: BLM-in-
duced PF mice; in 
vitro: A549 cells 

Anti-inflammatory 
and anti-fibrotic via 

TGF-β-1 
[162] 
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11.  Dioscin (Dio) 

 

Steroidal sap-
onin 

Dioscorea nip-
ponica 
Makino 

In vivo: silica-in-
duced PF mice; in 
vitro: RAW264.7 

cell line, NIH-3T3 
cell line 

Inhibiting pro-in-
flammatory cyto-

kines through ASK-
1-p38/JNK signaling 

[163] 

12.  β-sitosterol 
 

Phytosterols  
stigma and 

style of maize 
(Zea mays) 

In vitro: human 
lung adenocarci-
noma epithelial 

cells, 
A549. 

Suppression of EMT 
via the TGF-β1/Snail 

pathway 
[164] 

13.  Asiatic Acid  
 

Triterpenoid 
Centella Asiat-

ica 
In vivo: BLM-in-

duced mice 
Anti-inflammatory 

and anti-fibrotic [165] 

14.  Andro-
grapholide 

 

labdane 
diterpenoid 

lactone 

Andrographis 
paniculata 

In vivo: silica-in-
duced pulmonary 

fibrosis mice 

Anti-inflammatory 
and EMT transition [166] 

15.  
zingerone 

(vanil-
lylacetone)  

Ketone  Zingiber offici-
nale 

In vivo: BLM-in-
duced PF rats 

Inhibiting NF-κB 
and MAPKs [167] 

16.  Tetrandrine 
(TET-HP-β-CD) 

 

Alkaloid 
Stephania 

tetrandra, S. 
Moore 

In vivo: BLM-in-
duced PF rats 

Alleviating inflam-
mation and fibrosis [168] 

17.  Juglanin 

 

Flavonoid Polygonum 
aviculare 

In vivo: BLM-in-
duced PF mice 

Inhibition of stimu-
lator of interferon 

genes (Sting) signal-
ing 

[168] 

18.  Paeonol 
 

Phenols 
Paeonia suffru-

ticosa 
In vivo: BLM-in-
duced PF mice 

Inhibition of 
MAPKs/Smad3 sig-

naling 
[169] 

19.  Honokiol 

 

Neolignan Magnolia offici-
nalis 

In vivo: BLM-in-
duced PF mice 

Inhibiting EMT and 
TGF-β/Smad signal-
ing both in vitro and 

in vivo 

[170] 

20.  Phycocyanin 
 

Phycobilins Cyanobacteria In vivo: BLM-in-
duced PF mice 

Attenuating PF via 
TLR2-MyD88-NFκB 

signaling 
[171] 

21.  Schisandrin B 

 

Tanin 
Schisandra 
chinensis 

In vitro: A549 
cells. BLM-in-
duced PF mice 

Attenuating BLM-
induced PF via 

wingless/integrase-1 
signaling 

[172] 

22.  Morin 
 

Flavonoid 
Maclura pomif-

era 
In vivo: BLM-in-
duced PF mice 

Anti-oxidative and 
anti-inflammatory [173] 

23.  Berberine 
 

Alkaloid Chinese herbs In vivo: BLM-in-
duced PF mice 

Activation of PPAR-
γ. Expression of 

HGF in the colon. 
[174] 

24.  Zingerone 

 

Phenolics, Ke-
tone 

Zingiber offici-
nale 

In vivo: BLM-in-
duced PF rats 

Modulating the ex-
pression of TGF-β1 

and iNOS 
[175] 
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25.  Glaucocalyxin 
A 

 
Diterpenoid Rabdosia japon-

ica 
In vivo: BLM-in-
duced PF mice 

Antagonism of leu-
kocyte infiltration. 
Proinflammatory 
cytokine produc-

tion. 

[176] 

26.  Parthenolide 

 

Sesquiterpene Tanacetum par-
thenium 

In vivo: BLM-in-
duced PF mice; in 

vitro: primary 
lung fibroblast, 

HFL1 cells, A549 
cells 

Attenuating BLM-
induced PF via NF-
κB/Snail signaling 

[177] 

27.  Oridonin 
 

Diterpenoid 
Rabdosia 

rubesecens 

In vitro: MRC5 
cells, in vivo: 

BLM-induced PF 
mice 

Regulating 
TGFβ/Smad path-

way 
[178] 

28.  Apigenin 
 

Flavonoid Vegetables 
In vivo: BLM-in-
duced PF mice 

Anti-oxidative and 
PPARγ expression [179] 

29.  
Salvianolic acid 
B and sodium 
tanshinone IIA 

 

Phenolics Salvia miltior-
rhiza 

In vitro: MR5 
cells 

Anti-inflammation 
and anti-fibrotic [180] 

30.  Nimbolide 
 

Terpenoids Azadirachta in-
dica 

In vivo: BLM-in-
duced PF mice; in 

vitro: TGF-beta 
induced cell line  

Autophagy regula-
tor through attenua-

tion of EMT path-
way 

[181] 

31.  Perostilbene 
 

Polyphenol Blueberries 
In vivo: LPS-in-
duced PF mice 

Preventing fibrosis 
by suppressing oxi-

dative stress, in-
flammation, and 

apoptosis 

[182] 

32.  Scutellarein 
 

Flavonoid 
Scutellaria Lat-

eriflora 

In vivo: BLM-in-
duced PF mice; in 
vitro: human pul-
monary fibroblast 

Affecting fibroblast 
differentiation, pro-
liferation, and apop-

tosis 

[183] 

33.  Sulforaphane 
 

Isothiocya-
nates 

Cruciferous 
vegetables 

In vivo: BLM-in-
duced PF mice; in 
vitro: A549 cell, 

MRC-5 cell 

Inhibiting EMT 
transition [184] 

34.  
Salvianolic acid 

B 
 

Phenolic acids 
Salvia miltior-

rhiza 

In vivo: BLM-in-
duced PF rats; in 

vitro: MRC-5 cells 

Inhibiting myofibro-
blast trans-differen-
tiation via upregula-

tion of Nrf2 

[185] 

35.  GHK peptide 

 

Tripeptide Plasma pro-
tein 

In vivo: BLM-in-
duced PF mice  

Anti-oxidative and 
anti-inflammation [186] 
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36.  
Glycyl-L-his-
tidyl-l-lysine 

(GHK)-Cu 

 

Tripeptide 
Plasma pro-

tein 
In vivo: BLM-in-
duced PF mice  

Anti-oxidative and 
anti-inflammation [187] 

37.  Myricetin 
 

Flavonoid 
Commercially 

purchase 

In vivo: BLM-in-
duced PF mice; in 

vitro: human, 
mouse pulmo-
nary epithelial 
cell, lung fibro-

blast cell 

Inhibiting TGF-β1 
via targeting 

HSP90β 
[188] 

38.  Wedelolactone 
 

Coumarin 
Eclipta pros-

trata 
In vivo: BLM-in-
duced PF mice 

Activation of AMPK 
and regulating Raf-

MAPK pathway 
[189] 

39.  
Madecacasso-

side 
 

Pentacyclic 
triterpenoid 

Centella asiat-
ica 

In vivo: BLM-in-
duced PF mice 

Promoting hepato-
cyte growth factor 

in the colon via 
PPAR-γ 

[190] 

40.  Rutin 

 

Flavonoid Citrus plant In vivo: BLM-in-
duced PF mice 

Inhibiting TGF-β1-
α/SMA/Col I and III 

pathway 
[191] 

41.  Caffeine 

 

Alkaloid Tea, coffee, ca-
cao, etc. 

ex vivo: preci-
sion-cut lung slice 

model; in vitro: 
epithelial and 
lung fibroblast 

cells  

Inhibiting TGF-β ac-
tivation [192] 

42.  Emodin 
 

Anthraqui-
none 

Rhubarb 

In vivo: BLM-in-
duced PF rats; in 
vitro: alveolar ep-

ithelial cell 

Inhibiting EMT 
transition, TGF-β1, 

p-Smad2/3 
[193] 

43.  Rhapontin 

 

Stilbene glyco-
sides 

Rheum genus/ 
Rhubarb 

In vivo: BLM-in-
duced PF mice; in 

vitro: primary 
lung fibroblast; 

LP-stimulated hu-
man THP-1 

Reducing collagen 
deposition, TGF-

beta1, α-SMA, HIF-
α expression 

[194] 

44.  
Hydroxysafflor 

yellow A 
(HSYA)  

Flavonoid 
Carthamus 
tinctorius 

In vivo: BLM-in-
duced PF mice; in 
vitro: A549 cells 

Reducing ECM dep-
osition [195] 

45.  
Alantolactone 

and isoalatolac-
tone 

 

Sesquiterpene 
lactone 

Inula helenium 
L 

In vivo: BLM-in-
duced PF mice; in 
vitro: TGF-β1-in-

duced human 
lung fibroblasts.  

Inhibiting TGF-
β1/Smad3 signaling 

pathway  
[196] 
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46.  
4-methoxy-
phenethyla-

mine  

Biological 
amine 

Pericarp of 
Citrus Reticu-

lata 

In vivo: BLM-in-
duced PF rats 

model; in vitro: 
human embry-
onic lung fibro-

blast 

Inhibiting TGF-β1 [197] 

47.  Galangin 
 

Flavonoid Galangal 
In vivo: BLM-in-
duced PF mice 

Attenuating EMT 
and inflammatory 

damage 
[198] 

48.  Quercetin and 
Gallic acid 

 

Flavonoid Quercetin and 
Gallic acid 

In vivo: BLM-in-
duced PF rats 

Anti-oxidative and 
anti-inflammatory [199] 

49.  Rosavin 

 

Alcohol glyco-
sides Rhodiola rosea 

In vivo: BLM-in-
duced PF mice 

Anti-fibrotic and 
anti-inflammatory [200] 

50.  Ascorbic Acid  

 

Vitamin  Fruits  
In vivo: PQ-in-

duced PF 
Reducing IL-6, IL-

17a, TGF-beta [201] 

51.  Quercetin 
 

Flavonoid  Diverse plant 
sources 

Amiodarone in-
tra-tracheal instil-

lation 

Antioxidant and 
anti-inflammatory [202] 

The molecular structures of active compounds were generated from the online repository 
www.molview.org. Here, each color in molecules denotes each atom. Therefore, gray = carbon, 
white= hydrogen, red=oxygen, blue=nitrogen, and yellow=sulfur. 

Table 2. Plant extract-based therapeutic approaches against pulmonary fibrosis. 

No. Formula  Source and Components Experiment Model Therapeutic Targets Ref. 

1.  Arenaria kansuensis Chinese herbal (plant ex-
tracts) 

In vivo: PQ-induced 
PF mice 

Activation of Nrf2 pathway 
and the inhibition of NF-
kb/TGF-beta1/Smad2/3 

pathway. 

[203] 

2.  Tanshinone IIa   Salvia miltiorrhiza (Dans-
hen) (plant extracts) 

In vivo: silica-in-
duced PF rats; in 
vitro: A549 and 

HBE cells.  

Inhibition of EMT  [204] 

3.  
Ethyl acetate extract of 

Salvia miltiorrhiza 
(EASM) 

Dried roots and rhizomes of 
Salvia miltiorrhiza (plant ex-

tracts) 

In vivo: BLM-in-
duced PF mice; in 
vitro: mouse em-
bryo fibroblasts 

(NIH-3T3)  

Inhibition of TGF-β1/Smad3 
signaling by downregulat-
ing protein kinase C delta 

[205] 

4.  Β-peltoboykinolic acid  Astilbe rubra (plant extracts) In vitro: A549 cells Inhibition of EMT [206] 

5.  Date palm sap (DPS) Date palm Phoenix dactylifera 
L. (plant extracts) 

In vivo: BLM-in-
duced PF rats 

Reversing inflammation and 
oxidative stress [207] 

6.  Nigella sativa oil (NSO)  Nigella sativa (plant extracts) In vivo: BLM-in-
duced PF rats 

Anti-inflammatory [208] 
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7.  Black tea extract (BTE) Camellia sinensis (plant ex-
tracts) 

In vivo: BLM-in-
duced PF mice 

Anti-fibrotic [209] 

8.  
Aged garlic extract 

(AGE) 
Alluim sativum (plant ex-

tracts) 
In vivo: TiO2-in-
duced toxicity 

Attenuating hepatic inflam-
mation and pulmonary fi-

brosis 
[210] 

9.  Citrus alkaline extracts 
(CAE)  

Pericarp of Citrus 
reticulata (flavanone, alka-

loid) 

In vivo: BLM-in-
duced PF mice; in 
vitro: primary mu-

rine lung fibroblasts  

Preventing fibroblast senes-
cence via activation of cyc-2 [211] 

10.  
Grape seed extracts 

(GSEs) 

 Flavonoids, ascorbic acid 
(vitamin C), tocopherols, 

citric acid, limonoids, ster-
ols, and minerals 

In vivo: BLM-in-
duced PF mice 

Inhibition of MMP-9 and 
TGF-β1 [212] 

11.  Myrtle 
Myrtus communis L. (flavo-

noids, tannins, 
and essential oils) 

In vivo: BLM-in-
duced PF rats 

Anti-inflammation and anti-
oxidative [213] 

12.  
Berberis 

vulgaris fruit extract 
(BVFE) 

Berberis vulgaris (phenolic 
and flavonoids compounds) 

In vivo: PQ-induced 
PF rats 

Antioxidant and anti-in-
flammatory [214] 

13.  Pistacia lentiscus oil Pistacia lentiscus (phenolic 
compounds and fatty acids) 

In vivo: BLM-in-
duced PF rats 

Antioxidant [215] 

14.  Mixture of extracts 

The roots and rhizomes of 
Rhodiola rosea L. (RRL) (phe-
nylpropanoids, organic ac-

ids, and flavonoids) 

In vivo: BLM-in-
duced rats 

TGF-β1 signaling transduc-
tion in lung tissues [216] 

Table 3. Traditional herbal medicine. 

No. Name Components Experiment Model Therapeutic Targets Ref. 

1.  
Xin jia xuan bai 
cheng qi decoc-
tion (XJXBCQ) 

Gypsum fibrosum, Rhei radix et rhi-
zome, Semen armeniacae ama-

rum,Trichosanthis pericarpium, Per-
sicae semen, Eupolyphaga stele-

ophaga (in 10:3:2:5:3:3 ratio) 

In vivo: BLM-induced 
PF rats; in vitro: MRC-5 

cells 

TGF-β1-Smad2/3 sig-
naling [216] 

2.  Qing-xuan 
granule (QX) 

Mulberry leaves, mint, bitter apricot 
kernels (fried), Platycodonis Radix, 
Paeoniae Radix Alba, Citri Reticula-
tae Pericaricarpium, Aurantii Fruc-
tus, Armeniacae Semen Amarum, 

Glycyrrhizae Radix et Rhizoma, and 
Mori Folium. 

In vivo: BLM-induced 
PF mice; in vitro: MLE-

12 cells 

Downregulating TGF-
β1-Smad2/3 signaling [217] 

3.  
Feifukang 

(FFK) 

Astragalus membranaceus (Fisch) 
Bge., Codonopsis pilosula (Franch.) 

Nannf., Ophiopogon japonicus, Schi-
sandra chinensis, Panax notoginseng 
(Burk.) F. H. Chen., Bulbus fritillariae 
thunbergii, Rhizoma anemarrhenae, 

and Glycyrrhiza uralensis 

In vivo: BLM-induced 
PF mice  

Inhibition of JAK-STAT 
signaling pathway [218] 

4.  
Chuanxiong 

Kangxian gran-
ules (CCKG) 

Combination of Chuanxiong and 
Kangxian 

In vivo: BLM-induced 
PF rats 

Inhibition of oxidative 
stress and inflamma-

tion 
[219] 



Molecules 2022, 27, 1481 16 of 33 
 

 

5.  
Triptolide 

(TPL) 
Tripterygium wilfordii 

In vivo: PQ-induced PF 
mice 

Binds with TGF-β and 
inhibits Smad3, E-cad-
herin, and Vimentin. 

[220] 

6.  
Renshen 

pingfei decoc-
tion (RPFS) 

Panax ginseng, Glycyrrhiza ura-
lensis, Morus alba, Lycium chinense, 
Asparagus cochinchinensis, Citrus  

reticulata,Anemarrhena aspho-
deloides. 

In vivo: BLM-induced 
PF rats 

Downregulating TGF-
β1/Smad3 signaling 

pathway. 
[221] 

7.  
Modified 

Kushen Gancao 
Formula (mKG) 

Roots of Angelica sinensis, roots of 
Sophora flavescens, rhizome of Glycyr-

rhiza uralensis.  

In vivo: BLM-induced 
PF mice 

Anti-inflammatory and 
alleviation of hydroxy-

proline 
[222] 

8.  Radix puerariae 
extracts (RPES)  Root of Pueraria lobata (Wild) In vivo: PQ-induced PF 

mice 

Fstl pathways and oxi-
dative stress by inhibit-
ing mir-21 expression 

[223] 

9.  
Astragaloside 

IV (ASV) 
Astragalus membranaceus 

In vivo: BLM-induced 
PF rats; in vitro: A549 

cells 

Antioxidative stress 
and antiinflammation 

and inhibit EMT 
[224] 

10.  Astragalus in-
jection (AI) 

Astragaloside In vivo: BLM-induced 
PF rats 

Modulating the TGF-
b/Smad pathway in rats [225] 

11.  Hong jing tian 
(HGT) 

Rhodiola crenulate 

In vivo: BLM-induced 
PF mice. In vitro: MRC-

5, A549, HEK293T, 
NCI-N87 cell lines 

Effectively reducing the 
expression of fibrotic 
hallmark genes and 

proteins 

[226] 

12.  
Maimendong 

decoction (MD) 

Radix Ophiopogonis japonici 
(Maimendong) 10 g, Pinellia ternate 
(Banxia) 15 g, Radix Ginseng (Rens-

hen) 5 g, Polygonum cuspidatum 
(Huzhang) 10 g, Ligusticum 

(Chuanxiong) 10 g, Salviae Miltior-
rhizae Radix Et Rhizoma (Danshen) 

15 g and licorice (Gancao) 5 g.  

Human 
Forced vital capacity, 
times of acute exacer-

bation. 
[227] 

13.  
Salvia miltior-

rhiza and ligus-
trazine (SML) 

  
In vivo: BLM-induced 

PF rats 

Modulating the expres-
sion of TNF-α and 

TGF-β1. 
[228] 

14.  
Yangyin Yiqi 

mixture 
(YYYQ) 

Traditional Chinese medicine 
In vivo: BLM-induced 

PF rats 

Suppressing TGF-
β1/Smad signal path-

way and EMT  
[229] 

15.  
Jinshu huan-
xian formula 

(JHF) 
Chinese traditional medicine 

In vivo: BLM-induced 
PF rats 

The antioxidative 
mechanism via Nrf2 

upregulation 
[230] 

16.  

Ophiocordyceps 
lanpingensis 
polysaccha-
rides (OLP) 

Ophiocordyceps lanpingensis 
In vivo: BLM-induced 

PF mice 
Reducing the accumu-
lation of macrophages [231] 

17.  

Poly-
sachharides 

from 
Ganoderma lu-
ciderma (PGL) 

Ganoderma luciderma In vivo: BLM-induced 
PF rats 

Reducing pulmonary 
index, inflammatory 
cell infiltration, colla-

gen deposition 

[232] 
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18.  PM014  Chung-Sang-Bo-Ha-Tang 
In vivo: BLM-induced 

PF mice 

Inhibiting TGF-β1 sig-
naling via Smad-de-
pendent and MAPK 

pathways  

[233] 

19.  
Yifei Sanjie for-
mula (YFSJF) 

Astragalus, Atractylodes macroceph-
ala Koidz, Saposhnikovia, Fritillaria 
thunbergii, Semen Sinapis, Curcuma 

zedoaria rhizomes, Panax noto-
ginseng 

In vivo: BLM-induced 
PF mice; In vitro: hu-
man lung fibroblasts 

Inhibiting the expres-
sion of TGF-β1  [234] 

20.  PM014 
Modified herbal formula 

derived from Chung-Sang-Bo-Ha-
Tang (CSBHT) 

In vivo: Radiation-in-
duced mice 

Inhibiting the expres-
sion of cytokines, 

chemokines, and fibro-
sis-related genes. 

[235] 

21.  

Pyunkanghwan 
(Pyunkang-
tang) extract 

(PGT) 

Water extracts of six herbs 
In vivo: BLM-induced 
PF rats; in vitro: MLG 

2908 cells 

Inhibition of lipid pe-
roxidation  [236] 

22.  
Buyang 

huanwu tang 
(BHT) 

Astragalus membranaceus (60 g), Ra-
dix Paeoniae Rubra (18 g), Rhizoma 

Ligustici Wallichii (9 g), Angelica 
sinensis (18 g), 

Pheretima aspergillum (9 g), Amyg-
dalus persica (9 g), and Carthamus 

tinctorius (9 g) 

In vitro: A549 cells Inhibition of EMT via 
inhibiting TGF-β1 [237] 

6.1. Inhibition of the EMT Pathway 
Specific active components have been studied and confirmed to alleviate PF through 

the inhibition of the transition of epithelial to mesenchymal cells. β-carbolines are alka-
loids derived from Arenaria kansuensis, used for treatment in BLM-induced PF mice [153]. 
β-carbolines significantly decrease pulmonary index and inflammatory cell infiltration. 
Further in vitro studies with TGF-β-induced A549 cells confirmed the inhibition of the 
nuclear factor-kappa B (NF-κB) and EMT pathways. Celastrol is a triterpenoid collected 
from the root of Trpterygium wilfordii, which was found to be effective in treating BLM-
induced rats [155]. Celastrol also regulates the HSP90-mediated inhibition of EMT. An-
other xanthonoid compound, gambogic acid, derived from Garcinia hanburyi reverse EMT, 
was revealed in association with reduced vimentin and increased cadherin in TGF-β1-
stimulated A549 and HPME cells. 

Moreover, in vivo treatment with gambogic acid causes reductions in the pathologi-
cal score, collagen deposition, and the expression of α-SMA, PDGF, and FGF-2 [158]. Plant 
sterol β-sitosterol effectively suppressed EMT through the inhibition of the TGF-β1/Snail 
pathway. β-sitosterol decreased ECM accumulation in human alveolar epithelial cells by 
inhibiting EMT. Moreover, β-sitosterol downregulated Snail, a transcription factor of 
EMT, and blocked cell migration [164]. 

Andrographolide is a diterpenoid lactone that effectively reduces the expression of 
N-cadherin, α-SMA, vimentin, and collagen deposition in silica-induced pulmonary fi-
brosis mice [166]. A neolignin compound, Honokiol, derived from Magnolia officinalis, in-
hibits the fundamental pathways of EMT and TGF-β/Smad signaling. Honokiol also sig-
nificantly mitigated the IL-6/CD44/STAT3 axis both in vitro and in vivo [170]. Nimbolide 
is a terpenoid compound from Azadirachta indica, used for treatment against BLM-induced 
PF mice and TGF-β-stimulated cells to regulate autophagy through attenuation of the 
EMT pathway. Nimbolide treatment results in the reduced expression of fibrotic and mes-
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enchymal markers and the increased expression of epithelial markers. Nimbolide also reg-
ulates autophagy by reducing microtubule-associated protein 1A/1B-light chain 3 and p-
62 expression and increasing Beclin-1 expression [181]. 

Sulforaphane is an isothiocyanate compound derived from cruciferous vegetables. It 
restores epithelial morphology in vitro (confirmed by the increased expression of the ep-
ithelial marker E-cadherin) and inhibits the expression of EMT-related transcription fac-
tors (Slug, Snail, and Twist) and decreases BLM-induced fibronectin expression [184]. 
Emodin (anthraquinone compound) significantly reduces lung distortion, collagen over-
production, cell infiltration, and proinflammatory cytokine expansion. It induces Nrf2 sig-
naling and dampens p-IIκBα, NF-κB, EMT transition, TGF-β1, and the p-Smad2/3 path-
way [193]. Galanin is a flavonoid compound that attenuates inflammatory damage and 
prevents EMT in BLM-induced PF mice [198]. 

The effective treatment strategies using plant extracts (Table 2) targeting the EMT 
pathway include β-peltoboykinolic acid. β-peltoboykinolic acid, from the extract of Astilbe 
rubra, inhibits the COL1 and fibronectin. In addition, ethanol extract of the A. Rubra whole 
plant inhibits TGF-β1-induced EMT in A549 Cells. Furthermore, dichloromethane frac-
tions show the most substantial inhibitory effect on TGF-β1-induced EMT. β-pel-
toboykinolic acid interrupts the activation of the Smad pathway by TGF-β1 [206]. 

6.2. Inhibition of TGF-β Signaling 
Among the soluble immune mediators, TGF-β-mediated signaling is most commonly 

involved in the pathogenesis of PF. Therefore, an array of approaches targeting the inhi-
bition of TGF-β signaling is inevitable. Salvianolic acid B (SAB) is a polyphenol compound 
derived from Salviae miltiorrhza. It downregulates collagen expression and changes the 
expression of other fibrotic genes in NIH/3T3 fibroblasts. Treatment with SAB (50μg/mL) 
inhibited this proliferation with no apparent toxicity. TGF-β-sensitized MRC-5 fibroblasts 
increased the expression of collagen type 1 alpha 1 (COL1A1) and COL1A2 by 240% and 
170%, respectively. SAB significantly downregulated the TGF-β-induced expression of 
COL1A1, COL1A2, and COL3A1. SAB also attenuated the TGF-β- and TNF-α-induced 
inhibition of E-cadherin expression [159]. 

Gentiopicroside (GPS) is a secoiridoid glycoside. GPS significantly decreased the lev-
els of inflammatory cytokines, including TNF-α and IL-1β, in BAL fluid and reduced the 
content of hydroxyproline in the lungs of PF mice. GPS significantly downregulated the 
expression of TGF-β1 and CTGF in the lungs of PF mice. Moreover, in an in vitro study in 
TGF-β1-stimulated A549 cells, GPS dose-dependently inhibited the EMT pathway [162]. 
The phenolic compound zingerone is derived from ginger. It decreases collagen accumu-
lation and TNF-α, IL-1β, and malondialdehyde (MDA) levels. Ginger inhibits TGF-β1 and 
iNOS expression and increases superoxide dismutase (SOD) and glutathione peroxidase 
activity in PF-induced rats [175]. The TGF-β/Smad pathway is inhibited by oridonin, a 
diterpenoid from Rabdosia rubesecens. Oridonin inhibits the mRNA and protein expression 
of α-SMA and COL1A1 in TGFβ-induced MRC-5 cells and in vivo in BLM-induced PF 
mice [178]. Myricetin dose-dependently inhibits TGF-β1/Smad2,3 signaling and attenu-
ates fibroblast activation and EMT transition [188]. Rutin is a flavonoid compound from 
the citrus plant that significantly reduces lactate dehydrogenase activity, as well as the 
total cell, macrophage, and lymphocyte counts in BAL fluid. Rutin-treated PF-mice 
showed decreased lung MDA, and nitric oxide increased glutathione and SOD. Moreover, 
the reduced expression of TGF-β1, Col 1, Col III, and α-SMA is associated with reduced 
collagen deposition and lung hydroxyproline content [191]. An ex vivo study with a pre-
cision-cut lung slice model revealed the role of caffeine in inhibiting TGF-β activation in 
epithelial cells but not in fibroblasts. Caffeine inhibited α-SMA gene expression and re-
duced fibrosis after a 5-day treatment in the lung slice model [192]. Rhapontin is effective 
in lowering ECM deposition and reduced the expression of LOX2 and p-Smad2/3 in vitro. 
Moreover, rhapontin ameliorates BLM-induced PF with low LOX2 and a high level of 
AMPK. It also reduces collagen deposition and the expression of TGF-β1, α-SMA, and 
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hypoxia-inducing factor (HIF)-α in the lung [194]. Alantolactone and isoalatolactone are 
sesquiterpene lactones derived from Inula helenium L, which also inhibited the TGF-
β1/Smad3 signaling pathway and ultimately reduced the myofibroblast activation and 
ECM deposition [196]. Paeonol was also found to inhibit TGF-β-induced cellular processes 
in vitro [169]. 

Arenaria kansuensis ethanol extract (AE) reduced collagen deposition and α-SMA 
through inhibition of the TGF-β/Smads pathway. AE is also effective in reducing inflam-
matory infiltration and inflammatory cytokines in the lungs through the NF-κB/p65 path-
way. Moreover, AE reduced oxidative stress by inhibiting ROS levels and induced GSH 
and SOD activities [203]. Ethyl acetate extract of Salvia miltiorrhiza (EASM) alleviates oxi-
dative stress by upregulating Nrf2 and concomitantly downregulating Nox4 in the lungs 
of BLM-treated mice. EASM reduced ROS generation in fibroblasts by stabilizing Nrf2 
protein by promoting kelch-like ECH-associated protein 1 (Keap1) degradation. Nrf2 
knockdown in the lungs of BLM-treated mice diminished the inhibitory effects of EASM 
on fibrosis. EASM suppressed myofibroblast activation with reduced ECM deposition 
[205]. 

Black tea extract (BTE) from Camellia sinensis reduces α-SMA and TGF-β expression 
and increases IFN-γ expression in BLM-induced PF mice [209]. Grape seed extracts (GSE) 
are well known for their inhibitory role in ECM deposition. Moreover, GSE reduces pul-
monary inflammation, cytokine, and lactate dehydrogenase activity. GSE alleviates MMP-
9 and TGF-β1 protein expression in the lungs [212] and Rhodiola rosea L. (RRL) increased 
SOD and GSH and reduced the hydroxyproline levels in BLM-induced PF rats. The up-
regulated MMP-9 and α-SMA were decreased significantly in a dose-dependent manner 
in response to RRL. The levels of TGF-β1 and TIMP-1 in lung tissues were also reduced. 
In addition, RRL treatment lowered TGF-β1, TNF-α, and IL-6 proteins, indicating that 
RRL has anti-inflammatory properties in rats with BLM-induced lung fibrosis [238]. 

Xin Jia Xuan Bai Cheng Qi Decoction (XJXBCQ) treatment in vivo significantly im-
proved lung function, inhibited hydroxyproline levels, and increased the levels of Smad7. 
XJXBCQ induced a dramatic decrease in the expression of lung TGF-β1 protein. XJXBCQ 
treatment decreased the expression of α-SMA and fibronectin, IL-17A, and IL-25 in 
TGFβ1-treated MRC-5 cells. XJXBCQ could downregulate the levels of p-Smad2 in TGF-
β1-stimulated MRC-5 cells in a dose-dependent manner. XJXBCQ also regulates the Smad 
signaling pathway, decreasing Smad2 expression and increasing Smad7 expression in 
terms of mRNA and protein levels [216]. Qing-Xuan Granule (QX) is a children’s cough 
medicine patented in China. QX decreased Col I and α-SMA in lung tissues via the inhi-
bition of TGF-β1-Smad2/3 signaling, suppressed EMT, and effectively reversed abnormal 
mRNA expression of MMP-1, TIMP-1, and LOXL-2 in the lung tissues of BLM-induced 
PF mice [217]. A Chinese medicine extract triptolide (TPL) inhibits the EMT of lung epi-
thelial cells by directly binding with TGF-β. PQ-induced PF resulted in increased vimentin 
expression but inhibited E-cadherin expression. TPL reversed EMT progression, increased 
E-cadherin expression, and decreased vimentin expression. TPL bound to TGF-β and in-
hibited the TGB1/Smad3 pathway [220]. 

Renshen pingfei decoction (RPFS) reduces lung injury and the fibrosis degree and 
improves lung function by decreasing hydroxyproline content. RPFS lowers the gene and 
protein expression of TGF-β1 and Smad3 in lung tissue. It reduces NFκ-B levels in the 
BAL fluid of rats. It regulates the level of SOD and MDA in the serum of rats by down-
regulating the TGF-β1/Smad3-mediated intracellular signal transduction pathway [221]. 
Astragalus injection (AI) significantly prevented BLM-induced α-SMA, TGF-β1, Jagged1, 
and Notch1 expression, accompanied by alleviation of the collagen deposition and fibrosis 
[225]. A combination of salvia miltiorrhiza and ligustrazine (SML) dose-dependently ame-
liorated BLM-induced PF rats through downregulating TNF-α, TGF-β1, and Smad4. It 
was also proven to be safer than treating subjects with dexamethasone [228]. Yangyin Yiqi, 
ixture (YYYQ) treatment at medium and high doses significantly reduced TGF-β1, CTGF, 
and hydroxyproline levels and the mRNA expression of TGF-β1, TβRI, TβRII, Smad3, α-
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SMA, laminin, and collagen I. In comparison, YYYQ induced the expression of Smad7 and 
E-cadherin in the BLM group and the prednisolone-treated BLM group. Therefore, it was 
supposed to be related to suppressing the EMT and TGF-β1/Smad signaling pathways 
[229]. Total alkaloids from Alstonia Scholaris (L.) R. Br. decreased Krebs von den Lungen-
6, lactate dehydrogenase, TGF-β, hydroxyproline, type I collagen, and malonaldehyde 
levels. This also enhanced the activity of SOD in the serum and lung tissues. Moreover, 
the alkaloid treatment resulted in decreased TGF-β and MMP-1 expressions [229]. Ophi-
ocordyceps lanpingensis polysaccharides (OLP) alleviated collagen deposition and oxida-
tive stress and decreased macrophage accumulation. The attenuation of macrophage ac-
cumulation inhibited the activation of TGF-β1. OLP also suppressed the expression levels 
of the TNF-α, IL-1β, IL-6, Oncostatin M (OSM), IL-10, and IL-13 genes [231]. 

PM014 is a herbal formula that is well known for its usage in the treatment of pulmo-
nary disease. PM014 reduces tissue damage, including lesser degrees of intra-alveolar hy-
aline membrane formation, inflammatory cell infiltration, and thickness of the bronchiolar 
epithelium. PM014 treatment significantly inhibits immune cell recruitment and collagen 
deposition in lung tissue. Moreover, PM014 attenuates TGF-β signaling via the Smad and 
MAPKs pathways [233]. Yifei sanjie formula (YFSJF) treatment alleviated inflammatory 
injuries and collagen deposition in PF. The levels of hydroxyproline and the expression of 
TGF-β1, Col-I, and Col-III were significantly decreased. In addition, YFSJF activates au-
tophagy via activating the PI3K/Akt-mTOR pathway to exert anti-PF effects [234]. 

6.3. Anti-Oxidative and Anti-Inflammatory Roles 
Certain compounds are effective in treating PF through modulating inflammation 

and oxidative stress. Coelonin is a dihydrophenanthrene compound that significantly in-
hibited LPS-induced IL-1β, IL-6, and TNF-α expression. Moreover, NF-κB and the nega-
tive regulator phosphatase and tensin homolog on chromosome ten (PTEN) were signifi-
cantly reduced [154]. Dioscin (Dio) is a steroidal saponin that significantly reduces type 1 
collagen deposition in the lungs. Moreover, the mRNA levels of IL-6, Il-1β, and TNF-α in 
the lungs of silica-induced PF mice were decreased via Dio treatment. Dio also alleviates 
pulmonary inflammation by reducing macrophage and lymphocyte infiltration into lung 
tissues [163]. Asiatic acid is a triterpenoid compound from the medicinal plant Centella 
asiatica, with diverse therapeutic effects. Pretreatment with Asiatic acid inhibits PF pro-
gression. It also downregulates inflammatory cell infiltration and pro-inflammatory cyto-
kine and TGF-beta expression [165]. Morin is a very potent anti-inflammatory and anti-
oxidative flavonoid compound from Maclura pomifera. Treatment with morin attenuates 
the infiltration of inflammatory cells and hydroxyproline content in the lungs [173]. Apig-
enin, derived from various vegetables, decreased inflammation and oxidative stress. 
Apigenin reduces hydroxyproline content and inflammatory cell infiltration. It also in-
creases SOD and PPAR-γ expression in the lungs. Moreover, it causes increased E-cad-
herin and Smad-7 levels in the lungs and decreased NF-κB, MMP-9, vimentin, and TGF-
β expression [179]. 

Salvianolic acid B (SAB) effectively inhibits myofibroblast trans-differentiation and 
the upregulation of Nrf2. In vitro treatment with SAB reduces ROS production, increases 
glutathione, and reduces MDA levels. The anti-fibrotic and anti-oxidative roles of SAB 
were confirmed in BLM-induced PF rats [185]. Moreover, the anti-inflammatory and anti-
oxidative roles of SAB were also established in lipopolysaccharide (LPS)-treated fibroblast 
cells. SAB and sodium tanshinone IIA sulfonate (STS) downregulate the mRNA and pro-
tein expression of IL-1β and TNF-α. Moreover, SAB and STS inhibit α-SMA and COL1α 
mRNA and protein in TGF-β-induced MRC5 cells [180]. Pterostilbene is a polyphenol 
compound derived from blueberries that protects against oxidative stress, inflammation, 
and apoptosis by activating Keap-1/Nrf2. Pterostilbene also inhibited caspase-dependent 
A20/NF-κB and NLRP3 signaling [182]. 

GHK (Gly-His-Lys) and GHK-Cu are tri-peptides that have been found to be effective 
in alleviating inflammatory responses in PF mice, confirmed by analyzing BAL fluid. 
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GHK reduces TNF-α, IL-6, myeloperoxidase (MPO) activity, and collagen deposition. The 
BLM-induced imbalance of MMP-9/TIMP-1 was reversed after GHK treatment. GHK also 
prevents the EMT pathway via the TGF-β1/Smad 2/3 and insulin growth factor-1 path-
ways [186,187]. Rosavin is an alcohol glycoside derived from Rhodiola rosea that reduces 
inflammatory cells’ infiltration into BAL fluid and pro-inflammatory cytokines’ expres-
sion in lung tissue. It has also been shown to reduce hydroxyproline and MDA contents. 
Furthermore, it was found to increase the activities of SOD and glutathione peroxidase in 
lung tissue. The upregulation of Nrf2 and the downregulation of NF-κB p65, TGF-β1, and 
α-SMA revealed the mechanism of the rosavin-mediated amelioration of fibrosis [200]. 
The plant flavonoid quercetin, which can be found in diverse plant sources, reduces in-
flammation via inhibiting the infiltration of inflammatory cells in the lungs [202]. Schisan-
drin B (SchB)-treated mice exhibited fewer inflammatory changes and fewer collagen fi-
bers than lung tissues from the BLM group. Moreover, SchB decreased hydroxyproline 
content and TGF-β1 levels but increased SOD and total antioxidant capacity in the lungs 
[172]. Glaucocalyxin A (GlnA) is a terpenoid compound that significantly reduces colla-
gen deposition and hydroxyproline content in the lungs. Moreover, GlnA inhibits the in-
filtration of macrophages and neutrophils and attenuates pro-inflammatory cytokine lev-
els in BAL fluid [176]. Co-treatment with quercetin and gallic acid significantly decreases 
hydroxyproline, TNF-α, and GSH levels and increases catalase and SOD activity in the 
lungs compared with both single phytochemical-treated groups [199]. Coco et al. studied 
the ethanolic extract of Baru nuts, a native Brazilian species. The extract comprises phe-
nolic compounds such as gallic acid, potentially exhibiting antioxidative and wound heal-
ing activity in human NCI-H441 and A549 lung epithelial cell lines [239]. 

Date palm sap (DPS) treatment reversed BLM-mediated increased MDA and SOD 
levels and decreased catalase activity. DPS further decreased hydroxyproline levels and 
morphological lesions induced by BLM [207]. In rats, Nigella sativa oil (NSO) treatment 
reduces the inflammatory index and fibrosis score and increases the urinary secretion of 
histidine, fumarate, allantoin, and malate. Therefore, it is assumed that NSO attenuates 
PF through resistance from lung, kidney, and liver tissues [208]. The nutraceutical role of 
aged garlic extract (AGE) in alleviating pulmonary fibrosis was validated in a TiO2-in-
duced pulmonary and hepatic animal model. AGE diminishes TiO2-induced toxicity by 
downregulating pulmonary MMP-9, TIMP-9, TGF-β1, collagen-1α, and fibronectin 
mRNA [210]. The methanolic extract of Myrtus communis (Myrtle) significantly reduces 
parenchymal inflammation, hydroxyproline content, and lipid peroxidation. It also in-
creases catalase activity in PF mice [213]. The protective effects of Berberis vulgaris fruit 
extract (BVFE) against paraquat (PQ)-induced PF rats have also been validated. PQ sig-
nificantly increases the lungs’ MDA, hydroxyproline, TNF-α, IL-6, and TGF-β1 levels. 
BVFE ameliorated the biochemical and histological lung alterations induced by PQ [214]. 
Pistacia lentiscus oil (PLO) decreases the lipoperoxidation caused by BLM. PLO also pro-
tected against BLM-induced lung fibrosis and oxidative stress [215]. 

Citrus alkaline extracts (CAE) mitigated pulmonary fibrosis in a BLM-induced 
mouse model by preventing fibroblast senescence. CAE inhibited the expression of the 
senescent biomarkers P16INK4a, P21, and the senescence-associated β-galactosidase (SA-β-
Gal) positive cells, as well as the etoposide-induced senescence of lung fibroblasts in vitro. 
CAE regulates the senescence-associated secretory phenotype by inhibiting senescence in 
fibroblasts. Further mechanism studies confirmed that CAE inhibits lung fibroblast senes-
cence via a P53-dependent mechanism, and cyclooxygenase-2 activation is required for 
CAE to inhibit P53-dependent fibroblast senescence [211]. 

Chuanxiong Kangxian granules (CCKG) attenuate BLM-induced pulmonary fibrosis 
in rats. CCKG reduces BLM-induced collagen deposition, oxidative stress, and inflamma-
tory responses, reducing the expression of MMP-2 and MMP-9, which are proteins in-
volved in the construction of ECM [219]. Modified Kushen Gancao Formula (mKG) is a 
Chinese herbal medicine which shows anti-inflammatory activities. mKG treatment sig-
nificantly decreased pulmonary alveolitis, fibrosis scores, hydroxyprolines, Col-1, Col-3 
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contents, IL-6, IL-17, and TGF-β in BLM-induced lung tissues [222]. Astragaloside IV 
(ASV) alleviated collagen deposition and the suppression of EMT in pulmonary fibrosis 
in vivo. In addition, ASV inhibited TGF-β and activated FOXO3a, which also inhibits TGF-
β-induced EMT via the PI3K/Akt pathway [224]. 

Jinshu Huanxian formula (JHF) increased glutathione, glutathione peroxidase, cata-
lase, and SOD and decreased the content of MPO. JHF also inhibits the expression of 
NOX4 and induces Nrf2 [230]. Polysaccharides from Ganoderma luciderma (PGL) amelio-
rate PF by increasing glutathione, glutathione peroxidase, catalase, and SOD and decreas-
ing the contents of MDA and hydroxyproline [232]. In addition to the anti-TGF-β activity 
of PM014, it also acts via the inhibition of the expression of cytokines (IL-6, IL-13, IL-1b, 
and TGF-β), chemokines (MIP1a, MCP1, and CCL4), and fibrosis-related genes (Col3al 
and Fn1) in radiation-induced PF mice [235]. In the BLM-induced model, Pyunkanghwan 
(Pyunkang-tang) extract (PGT) alleviates the characteristic histopathological features of 
lung fibrosis and inhibits fibrotic lesions. PGT also inhibits BLM-induced MDA, demon-
strating its protective effect against lipid peroxidation in lung cell membranes. In addition, 
PGT decreased TGF-β-stimulated type I collagen synthesis in vitro [236]. However, PGT 
inhibits TGF-β1-induced collagen accumulation and EMT by inhibiting the PI3K/Akt sig-
naling pathway [237]. Feifukang (FFK) treatment significantly reduced the BLM-induced 
increase in hydroxyproline content, collagen I, and a-SMA expression. Moreover, FEK 
regulates JAK-STAT signaling via the phosphorylation of Smad3, STAT3, and JAK1 [218]. 

6.4. Modulation of Cellular Signaling 
Magnesium isoglycyrrhizinate (MgIG) treatment reduced collagen deposition, ROS 

production, and TGF-β1 elevation in vitro. Administration of MgIG achieved lower ex-
pression levels of Nox4 and p38/MAPK/Akt in vivo and in vitro [156]. Alpha-mangostin 
(α-MG) in vivo treatment dramatically reduced the expression of α-SMA and Col 1 at both 
the mRNA and the protein levels. α-MG treatments also reduced the abnormal expression 
of TGF-β1 and the phosphorylation of Smad 2/3 in the lungs. Moreover, α-MG alleviates 
the process of fibrogenesis by promoting AMPK-mediated inhibition of NOX4 expression 
and TGF-β1-induced trans-differentiation of lung fibroblast [157]. 

Polydatin (PD) treatment suppressed mycoplasma pneumonia-induced lung injury 
in mice by inhibiting the expression of inflammatory factors and the development of fi-
brotic scars. PD also inhibits the activation of the NLRP3 inflammasome and the NF-κB 
pathway [161]. Zingerone and Tetrandrine-hydroxypropyl-β-cyclodextrin inclusion com-
pound (TET-HP-β-CD) are a ketone and an alkaloid natural compound which have effec-
tively reduced MDA and hydroxyproline content in vivo. Moreover, zingerone inhibits 
the signaling pathways of NF-κB and MAPKs [167,240]. Juglanin (Jug) also reduced the 
expression of fibrotic hallmarks, including TGF-β1, fibronectin, MMP-9, α-SMA, and col-
lagen I. The role of Jug in suppressing the stimulator of interferon genes (Sting) was con-
firmed in TGF-β-incubated cells [168]. Phycocyanin is a phycobilin compound from cya-
nobacteria that reduces MPO, IL-6, TNF-α, and type 1 alveolar epithelial cells. It also in-
hibits fibroblast proliferation and attenuates EMT [171]. Parthenolide, derived from 
Tanacetum parthenium, significantly reduced cell viability and migration and inhibited 
EMT markers in lung epithelial cells. The treatment of parthenolide in vivo results in at-
tenuation of the pathological markers of fibrosis through inhibition of the NFκB/Snail sig-
naling pathway [177]. 

Coumarin compound wedelolactone (WEL), derived from Eclipta Prostratacoumarin, 
reduces inflammatory cell infiltration and collagen deposition in lung tissues. WEL also 
impairs the expression of fibrotic markers (α-SMA, Col I), the reduction in anti-fibrotic 
markers (E-cadherin), and the prevention of BLM-induced TGF-β1 and Smad2/3 phos-
phorylation [189]. Madecacassoside is a vital ingredient of Centella asiatica that signifi-
cantly alters cellular signaling in the gut. Oral but not i.p. administration of madecacasso-
side has significant anti-fibrotic effects. Madecacassoside increases hepatocyte growth fac-
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tor levels in colon tissue through the upregulation of PPAR-γ mRNA, nuclear transloca-
tion, and DNA binding activity in madecassoside-treated colonic epithelial cells [190]. Ber-
berine is an alkaloid compound derived from various Chinese herbs that alleviates PF 
pathology when administered through either oral or rectal routes. Berberine also induces 
HGF and PTEN mRNA and protein expression via PPAR-γ in the colon of PF-mice [174]. 
Scutellarein alleviates the differentiation and proliferation of fibroblasts to myofibro-
blasts. Inhibiting fibroblast differentiation represses TGF-β/Smad signaling. Further in 
vitro studies have confirmed the inhibition of cell proliferation by repressing PI3K/Akt 
signaling and the inhibition of apoptosis by Bcl2 associated X protein/Bcl2 signaling [183]. 

6.5. Inhibition of ECM Deposition 
The deposition of collagen, a vital ingredient of the ECM, facilitates the pathology of 

pulmonary fibrosis. Therefore, the targeted inhibition of ECM could be an essential strat-
egy to treat pulmonary fibrosis. The curcuminoid ingredients from curcumin and curcu-
mol reduce ECM deposition via autophagy. In vitro curcumin or curcumol treatment in 
human lung fibroblast cells significantly reduced hydroxyproline, α-SMA, Col-I, and Col-
III deposition. Furthermore, N-terminal pro-peptide for type I collagen (PⅠNP), N-termi-
nal pro-peptide for type III collagen, and prolyl-hydroxylase related to ECM were dereg-
ulated in a dose-dependent manner [160]. 

Hydroxysafflor yellow A (HSYA) is a flavonoid from Carthamus tinctorius that re-
duces collagen deposition in the lung. HYSA also alleviates the BLM-induced increase in 
the mRNA of TGF-β, α-SMA, and collagen I and downregulates Smad3 phosphorylation 
[195]. 4-methoxy phenethylamine is a biological amine from the pericarp of Citrus reticu-
late, reducing hydroxyproline in serum and lung tissue. It also downregulates TGF-β ex-
pression [197]. Treatment with ascorbic acid in paraquat-induced PF mice significantly 
reduced immune cell infiltration, the secretion of IL-17 and TGF-β, and ECM deposition. 
Moreover, vitamin C increases the anti-oxidative enzymes, SOD, and catalase levels [201]. 
The antioxidant properties of Radix puerariae extracts (RPEs) ameliorate PQ-induced PF. 
RPE significantly suppressed lung fibrosis by downregulating Fstl 1 pathways through 
decreased miR-21 expression. Moreover, RPE suppressed the expression of CTGF, TGF-
β1, p38MAPK, NF-kB65, pSmad2/3, and MMP-9 protein levels and attenuated pulmonary 
fibrosis [223]. The Chinese herbal medicine Hong Jing Tian contains small RNA (HJT-
sRNA-m7) involved in reducing fibrotic markers in vitro and in vivo. The decoction for-
mula contains the phosphocholines PC (18:0/18:2) and PC (16:0/18:2), which facilitate the 
uptake of small RNAs by living cells. HJT-sRNA-m7 effectively reduces the gene expres-
sions of α-SMA, fibronectin, and collagen type I α 1 (COL1A1) [226]. 

7. Natural Product-Based Randomized Controlled Trials on IPF 
Double-blinded randomized controlled trials were performed with 60 patients (male 

and female, aged 18–75 years). The control group received a matched placebo plus 
pirfenidone, and the experimental group was co-treated with pirfenidone and maimen-
dong decoction (MD) for 24 weeks. The evaluations were based on both primary and sec-
ondary outcomes. The mean change in forced vital capacity and exacerbation at 4, 12, and 
24 weeks were the primary outcomes. However, the study also examined changes in the 
St. Geroge’s Respiratory Questionnaire total score, forced expiratory volume in 1 s per-
centage/forced vital capacity, diffusing capacity of carbon monoxide, natriuretic peptide, 
etc. The results confirmed that MD plus pirfenidone significantly improves lung function 
and quality of life and decreases acute exacerbation [227]. In another randomized con-
trolled trial, 46 patients were recruited with silicosis. Another 18 patients were recruited 
as a normal control group. Intervention with Yiqi Houxue decoction (YHD) at one dose 
daily for 14 days and the Western treatment were compared with a symptomatically nor-
mal control group. YHD significantly reduced co-stimulatory molecule CD40 protein and 
mRNA expression compared to the control group [241]. Furthermore, a randomized con-
trolled trial studied one hundred IPF patients who were randomly divided into a control 



Molecules 2022, 27, 1481 24 of 33 
 

 

(20) and treatment group (80). The control group was treated with Jinshuibao capsules 
(JCs), and the treatment group received Feiwei granules (FGs) for six months. The FG-
treated group showed greater efficacy in specific parameters than the control group. How-
ever, there were no significant differences in most of the parameters and therefore FGs 
and JCs were similar in terms of IPF treatment [242]. 

8. Summary and Future Directions 
Pulmonary fibrosis is the result of architectural deformation of the lungs. Recently, 

surviving SARS-CoV-2 patients have also potentially suffered from PF-like pathogenesis, 
as observed in clinical evidence. In this review, we have briefly discussed the mechanisms 
of PF connected with immune regulation. Moreover, potential therapeutic targets for 
treating PF are introduced. We have reviewed the recent (2015–2020) experimental and 
clinical data demonstrating the promising roles of active plant compounds, plant extracts, 
and traditional herbal medicines in treating PF. Although there are plenty of experimental 
results on the therapeutic effects of natural products against PF, well-designed prospec-
tive cohort studies with large sample sizes and long-term follow-up experiments are in-
adequate. Target-specific validation of each compound, employing advanced drug dis-
covery strategies, e.g., in silico, high-throughput screening, systems modeling and simu-
lation, etc., are inevitable in order to introduce new effective drugs against PF. 
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