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Table S1. Summary of the main articles related to the anti-inflammatory effects of saponins studied in in vivo models of pulmonary inflammation. 

Saponin  
[chemical structure] 

Plant source Type of Study 

 

Activity 

 

Main Findings 

 

Doses 

 

Mechanism 
of 

Action 

Ref. 

Saikosaponin A 

[Triterpenoid sapo-
nin] 

Radix Bupleuri 
(Bupleurum 

chinense and B. 
scorzonerifolium) 

In vivo (ALI in-
duced by infection 
with influenza A 

in mice) 

Anti-
inflammator

y 

Significant inhibition of viral 
replication, abnormal 

production of 
proinflammatory cytokines 

(IFN-γ, TNF-α, IL-1β, and IL-
6), and pulmonary 

histopathology. 

Significant inhibition of 
signaling of the NF-κB 

pathway. 

Selective attenuation of the 
recruitment of pulmonary 

neutrophils and monocytes. 

25 mg/kg Inhibition of 
the NF-κB 
signaling 

pathway and 
selective 

attenuation of 
the 

recruitment 
of pulmonary 
neutrophils 

and 
monocytes 

 [53]  

PNS 

(Yunnan 
Phytopharmaceutica
l Co. Ltd., Kunming, 

China) 

Panax notoginseng In vivo (acute 
lung injury (ALI) 
induced by oleic 

acid and 
lipopolysaccharid

e in rats) 

Anti-
inflammator

y 

Significant reduction in lung 
parenchyma damage and 
extravascular lung water 

content. 

 

Significant decrease in total 
leukocyte and neutrophil 
counts, proinflammatory 

cytokines (TNF-α and IL-6), 
and the αENaC channel 

(protein and mRNA). 

100 mg/kg  Restoration 
of protein 

and mRNA 
expression of 
αENaC and 

through anti-
inflammatory 

effects 

 [73] 
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PNS 

 (Kunming 
Pharmaceutical 

Group 

Co., Ltd., Yunnan, 
China) 

Panax notoginseng In vivo 
(pulmonary 

fibrosis in rabbits) 

Anti-
inflammator

y 

Significant decrease in lung 
injury and expression levels 
of AST, LDH, CK, IL-6 and 

IL-8. 

Significantly decreased 
activation of NF-κB 

(decreased expression of NF-
κB-p65). 

50 mg/kg 
daily, for 28 

days 

Inhibition of 
the NF-κB 
signaling 
pathway 

 [74] 

Ginsenoside Rg3 

[Triterpenoid 
saponin] 

Panax notoginseng In vivo (ALI 
induced by 

omethoate in rats) 

Anti-
inflammator

y 

Significant increase in 
glutathione (GSH) content in 

the lung. 

Significant decrease in the 
content of malondialdehyde 

(MDA), TNF-α. 

Significant decrease in the 
activity of the enzymes 

superoxide dismutase (SOD), 
catalase (CAT) and 

myeloperoxidase (MPO). 

5, 10, or 20 
mg/kg 

Decreased 
oxidative 
stress by 

increasing 
reduced 

glutathione 
content and 
decreasing 

the activity of 
SOD, CAT 

and 
myeloperoxy
dase enzymes 

[75] 

Ginsenoside Rg1 

[Triterpenoid 
saponin] 

Panax notoginseng In vivo (ALI 
induced by sepsis 

in mice) 

Anti-
inflammator

y 

Significant decrease in lung 
damage, and survival rate. 

Significant suppression of the 
secretion of inflammatory 

cytokines (TNF-α and IL-6). 

Significant increase in the 
expression of sirtuin 1 (SIRT1) 

10 or 20 
mg/kg 

Decreased 
oxidative 
stress by 

increasing the 
expression of 

sirtuin 1 
(SIRT1) in the 
endoplasmic 

reticulum 

[76] 
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Ginsenoside Rb1 

[Triterpenoid 
saponin] 

Panax notoginseng In vivo (ALI 
induced by 

Staphylococcus 
aureus in mice)  

Anti-
inflammator

y 

Significant attenuation of 
lung injury. 

Significant inhibition of the 
production of IL-1β, IL-6 and 

TNF-α. 

Significant inhibition of TLR2 
receptor activation and NF-kB 

and MAPK signaling (de-
creased phosphorylation of 
NF-κB-p65, ERK and JNK). 

10 or 20 
mg/kg 

TLR2-
mediated 

inhibition of 
the 

proinflammat
ory NF-κB 
and MAPK 
signaling 
pathways 

[77] 

Ginsenoside Rg1 

[Triterpenoid sapo-
nin] 

Panax notoginseng In vivo (ALI in-
duced by ischemia 

reperfusion in 
rats) 

Anti-
inflammator

y 

Significant attenuation of his-
tological abnormalities in the 

lung. 

Significant decrease in the 6-
keto-PGF1α/TXB2 ratio, and 

MPO activity. 

Significant inhibition of NF-
κB activation and decreased 

COX-2 expression in lung tis-
sue 

40 mg/kg Inhibition of 
the NF-
κB/COX-2 
signaling 
pathway 

[78] 

Ginsenoside Rg3 
[Triterpenoid sapo-

nin] 

Panax notoginseng In vivo (ALI in-
duced by lipopol-
ysaccharide (LPS) 

in mice) 

Anti-
inflammator

y 

Significant reduction in 
pathological damage. 

Significant decrease in MPO 
activity, proinflammatory cy-

tokines (TNF-α), IL-1β and 
IL-6) 

Significant increase in anti-in-
flammatory mediators (IL-10 

10, 20, or 30 
mg/kg 

Inhibition of 
the 

PI3K/Akt/mT
OR pathway 

dependent on 
MerTK acti-

vation 

[79] 
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and TGF-β), M2 macrophage 
polarization, and phosphory-
lated MerTK expression levels 

Significantly decreased PI3K, 
Akt, and mTOR phosphoryla-

tion 

Ginsenoside Rg5 
[Triterpenoid sapo-

nin] 

Panax notoginseng In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

 Significant inhibition of the 
expression of proinflamma-

tory cytokines (IL-1β and 
TNF-α), inflammatory en-

zymes (COX-2 and iNOS) and 
activation of the NF-κB path-
way in bronchoalveolar lav-
age fluid (BALF) and in alve-

olar macrophages. 

Significant inhibition of the 
interaction between LPS and 

TLR4 in alveolar macro-
phages 

2.5, 5 or 10 
mg/kg 

Inhibition of 
the TLR4 sig-
naling path-
way in mac-

rophages and 
lung tissue 

[80] 

 

 

Ginsenoside Rh2 
[Triterpenoid sapo-

nin] 

 

 

Panax notoginseng 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in histo-
logical changes in lung tissues 

and BALF protein content. 

Significant increase in the ex-
pression of HO-1, Nrf-2, CAT, 
SOD and GPx in lung tissue. 

Significantly decreased pro-
duction of NO, TNF-α, IL-1β, 

IL-4, IL-6 in lung tissues. 

5, 10, and 20 
mg/kg  

Regulation of 
TLR4/PI3K/A

kt/mTOR, 
Raf-

1/MEK/ERK 
and 

Keap1/Nrf2/
HO-1 signal-
ing pathways 

[81] 
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Significant inhibition of the 
expression of iNOS, COX-2, 
and the phosphorylation of 
IκBα, ERK, JNK, p38, Raf-1 

and MEK. 

Ginsenoside Ro 

[Triterpenoid sapo-
nin] 

 

Panax notoginseng 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant reduction in lung 
injury. 

Significant inhibition of the 
expression and secretion lev-
els of proinflammatory cyto-

kines (TNF-α, IL-1β and IL-6). 

Significant inhibition of acti-
vation of the NF-κB and 

MAPK pathways 

Ginsenoside Ro coupled to 
the LPS binding site of the 

TLR4/MD2 complex 

20, 40, and 80 
mg/kg  

Inhibition of 
the TLR4 sig-
naling path-
way in mac-

rophages and 
lung tissue 

[82] 

Saikosaponin D 

[Triterpenoid sapo-
nin] 

Radix Bupleuri 
(Bupleurum 

chinense and B. 
scorzonerifolium) 

In vivo (ventila-
tor-induced lung 

injury in rats) 

Anti-
inflammator

y 

Significantly decreased ex-
pression of proinflammatory 

cytokines (MIP-2, IL-6 and 
TNF-α) and oxidative en-

zymes (MPO) 

Significant increase in the ex-
pression of anti-inflammatory 

mediators (TGF-β1 and IL-
10). 

Significant decrease in apop-
tosis (Caspase-3 and Bax) and 

80 mg/kg Inhibition of 
oxidative 
stress and 

apoptosis in 
lung tissue 

[83] 
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increase in anti-apoptotic pro-
teins (bcl-2) 

Saikosaponin A 

[Triterpenoid sapo-
nin] 

Radix Bupleuri 
(Bupleurum 

chinense and B. 
scorzonerifolium) 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant reduction in lung 
injury. 

Significant inhibition of MPO 
activity and inflammatory cy-
tokines (TNF-α and IL-1β) in 

BALF 

Significant inhibition of NF-
κB pathway activation and 
NLRP3 inflammasome ex-

pression. 

5, 10, or 20 
mg/kg 

Inhibition of 
the NF-κB 

and NLRP3 
signaling 
pathway 

[84] 

Glycyrrhizin 

[Triterpenoid sapo-
nin] 

Glycyrrhiza spp. In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in the ex-
pression of TLR2, inflamma-
tory cells, collagen, MIP-2, 

KC, IL-4, IL-6, GM-CSF and 
IFN-γ. 

Significant inhibition of the 
TLR signaling pathway and 

the NF-κB signaling pathway. 

0.5mg/mL 

(In respira-
tory tract) 

Inhibition of 
the TLR2 sig-
naling path-

way 

[85] 

Glycyrrhizin 

[Triterpenoid sapo-
nin] 

Glycyrrhiza spp. In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significant decrease in TLR4 
and CXCR4 in lung tissue 

Significant decrease in 

inflammatory cell count, pro-
inflammatory cytokines 

50 mg/kg, 
twice daily 

Inhibition of 
the TLR4/NF-
κB signal 
pathway 

[86] 



Pharmaceutics 2023, 15, 348 8 of 21 
 

 

(TNF-α, IL-1β, and IL-6), 
MPO activity, and expres-
sions of COX-2, iNOS, and 

NF-Κb in BALF. 

Glycyrrhizin 

[Triterpenoid sapo-
nin] 

Glycyrrhiza spp. In vivo (ALI in-
duced by radia-

tion in mice) 

Anti-
inflammator

y 

Significant decrease in plasma 
concentrations of HMGB1, 

sRAGE, and expression levels 
of proinflammatory cytokines 

(TNF-α, IL-1β and IL-6) in 
BALF. 

Significant inhibition of 
downstream transcription fac-

tors related to the 
HMGB/TLR4 pathway (NF-
κB, JNK and ERK1/2) in lung 

tissue. 

10 mg/kg 
three times 

per week un-
til week 12 

Inhibition of 
the 

HMGB1/TLR
4 signal path-

way 

[87] 

Glycyrrhizin 

[Triterpenoid sapo-
nin] 

Glycyrrhiza spp. In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in lung 
injury 

Significantly decreased pro-
duction of inflammatory fac-

tors TNF-α, IL-1β and 
HMGB1. 

Significant increase in au-
tophagy (increased number of 

autophagosomes) through 
upregulation of LC3-II/I and 
Beclin-1 protein levels and 

downregulation of 
SQSTM1/P62. 

200 mg/kg Regulation of 
autophagy 

related to the 
negative reg-
ulation of the 
PI3K/Akt/mT
OR pathway 

[88] 
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Glycyrrhizin-induced autoph-
agy was associated with nega-

tive regulation (decreased 
phosphorylation levels) of the 

PI3K/Akt/mTOR pathway. 

Esculentoside A 
[Triterpenoid sapo-

nin] 

Phytolacca escu-
lenta 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in inflam-
matory infiltration, alveolar 
wall thickening, and pulmo-

nary congestion 

Significant decrease in proin-
flammatory cytokines (TNF-α 

and IL-6) in BALF. 

Significantly decreased phos-
phorylation of IκBα, p38 and 

ERK. 

15, 30, and 60 
mg/kg 

Inhibition of 
NF-κB and 
MAPK sig-
naling path-

ways 

[89] 

Anemoside B4 
[Triterpenoid sapo-

nin] 

Pulsatilla chinen-
sis 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in lung 
damage. 

Significant decrease in the 
CD4+/CD8+ T lymphocyte ra-

tio 

Significantly decreased phos-
phorylation of NF-κB-p65 and 

IκBα 

12.5, 25, 50 
mg/kg 

Inhibition of 
NF-κB signal-
ing pathways 

[90] 

Astragaloside IV 
[Triterpenoid sapo-

nin] 

Astragalus mem-
branaceus 

In vivo (ALI in-
duced by para-
quat in mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significant decrease in the 
levels of MDA, MPO and 

50 mg/kg or 
100 mg/kg 
daily for 5 

days 

Trx/Txnip 
regulation 
and inhibi-

tion of 
Rho/ROCK/ 

[91] 
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proinflammatory cytokines 
(TNF-α, IL-1β and IL-6). 

Significant increase in SOD, 
CAT and GSH-Px levels. 

Significantly decreased ex-
pression of Txnip/Trx and the 
Rho/ROCK/NF-κB signaling 

pathway. 

NF-κB sig-
nals 

Asiaticoside 

[Triterpenoid sapo-
nin] 

Centella asiatica In vivo (septic 
lung injury 

in mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significant inhibition of COX-
2 and iNOS expression, and 

increased expression of 
PPAR-γ in lung tissues. 

Significant decrease in TNF-α 
and IL-6 levels. 

Significant inhibition of 
ERK1/2, JNK, P38 and IκBα 

phosphorylation. 

45 mg/kg Inhibition of 
the NF-κB 
and MAPK 
signaling 
pathways 

mediated by 
PPAR-γ 

[92] 

Asiaticoside 

[Triterpenoid sapo-
nin] 

Centella asiatica In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in inflam-
matory infiltration and histo-
pathological changes in the 

lung. 

Significantly decreased MPO 
activity and TNF-α and IL-6 

levels in BALF. 

15, 30 or 
45mg/kg 

Inhibition of 
NF-κB signal-
ing pathways 

[93] 
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Significant increase in IκBα 
expression and decrease in 

NF-κB-p65 phosphorylation. 

Tenuigenin 

[Triterpenoid sapo-
nin] 

Polygala tenuifolia In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significant inhibition of 

Significant decrease in MPO 
activity in lung tissue. 

Significantly decreased COX-
2 expression and TNF-α, IL-
1β and IL-6 levels in BALF. 

Significantly decreased phos-
phorylation of IκBα, p38 and 

ERK. 

2, 4 or 8 
mg/kg 

Inhibition of 
NF-κB and 
MAPK sig-
naling path-

ways 

[94] 

Pseudoginsenoside-
F11  

[Triterpenoid sapo-
nin] 

Panax pseudogin-
seng subsp. Hima-

laicus 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significantly decreased ex-
pression of 

TNF-α, IL-1β and IL-6 in lung 
tissue and BALF. 

Significantly decreased ex-
pression of 

MIP-2 and ICAM-1 and neu-
trophil infiltration 

3, 10,or 30 
mg/kg 

Suppression 
of neutrophil 

infiltration 
and accelera-
tion of neu-

trophil clear-
ance 

[95] 
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Significant increase in neutro-
phil clearance in BALF. 

Platycodin D 

[Triterpenoid sapo-
nin] 

Platycodon grandi-
florum 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significantly decreased patho-
logical changes and the wet to 
dry weight (W/D) ratio of the 

lungs. 

Significant decrease in total 
leukocyte number and per-

centage of neutrophils in 
BALF and MPO activity in 

lung tissue. 

Significantly decreased TNF-
α and IL-6 levels and in-

creased SOD activity in BALF. 

Significantly decreased ex-
pression of NF-κB-p65, 

Caspase-3 and Bax, and in-
creased expression of Bcl-2 in 

lung tissue. 

50 mg/kg or 
100 mg/kg 

Suppression 
of apoptosis 
by downreg-

ulation of 
Caspase-3 
and Bax 

[96] 

Platycodin D 

[Triterpenoid sapo-
nin] 

Platycodon grandi-
florum 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes and 
MPO activity in the lungs. 

Significantly decreased mac-
rophage and neutrophil, and 
TNF-α, IL-1β, and IL-6 levels 

in BALF. 

20, 40, or 
80 mg/kg 

Positive regu-
lation of the 

LXRα-
ABCA1 sig-
naling path-

way 

[97] 
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Significantly decreased phos-
phorylation of NF-κB-p65 and 

IRF3. 

Significant decrease in lipid 
raft formation (GM-1 expres-
sion) and TLR4 recruitment. 

Significant decrease in choles-
terol levels in membrane lipid 

rafts 

Significant increase in ABCA1 
transcriptional activity and 

LXRα expression. 

Escin 

[Triterpenoid sapo-
nin] 

Aesculus hippocas-
tanum 

In vivo (ALI in-
duced by endo-
toxin in mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significant decrease in MPO 
activity and serum MDA, NO, 
TNF-α, IL-1β and IL-6 levels. 

Significant increase in SOD 
and GPx activity in serum. 

Significant increase in protein 
expression of glucocorticoid 

receptors (GR) 

0.9, 1.8 or 3.6 
mg/kg 

Increased ex-
pression of 
GR and en-

dogenous an-
tioxidant ca-

pacity 

[98] 

Escin 

[Triterpenoid sapo-
nin] 

Aesculus hippocas-
tanum 

In vivo (ALI in-
duced by LPS in 

rats) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significantly decreased levels 
of proinflammatory cytokines 

Monother-
apy: Escin 5 

mg/kg 

 

Negative reg-
ulation of the 
signaling cas-

cades 
HMGB1, 

[99] 
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(TNF-α, IL-1β, and IL-6) in se-
rum, BALF, and lung tissue. 

Significant decrease in inflam-
masomes (NLRP3 expression) 

and pyroptosis. 

Significantly decreased ex-
pression of HMGB1, TLR4, 

MyD88, MAPK, and NF-κB-
p65. 

Combined treatment (Escin + 
Q10) showed better results in 
all trials (synergistic effect). 

Combined 
treatment: 

Escin 

 (5 mg/kg) + 
coenzyme 

Q10 (CoQ10) 
(100 mg/kg) 

TLR4, 
MyD88, 

MAPK and 
NF-κB-p65. 

Dioscin 

[Steroidal saponin] 

Dioscorea spp. In vivo (pulmo-
nary fibrosis in-

duced by crystal-
line silica in mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes and the 
infiltration of macrophages, B 
lymphocytes, T lymphocytes 

and fibrocytes in the lung. 

Significantly decreased levels 
of TNF-α, TGF-β, IFN-γ, IL-
1β, IL-2, IL-4, IL-6, IL-13, IL-

17A in BALF and lung tissue. 

Significantly decreased ASK-
1, p38 and JNK phosphoryla-

tion. 

20, 40 or 80 
mg/kg 

Inhibition of 
the ASK-1-

p38/JNK sig-
naling path-

way 

[100] 

Dioscin 

[Steroidal saponin] 

Dioscorea spp. In vivo (ALI in-
duced by bleomy-

cin in mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes, MPO 

activity and MDA contents in 
lung tissue. 

80 mg/kg Inhibition of 
the NF-κB 
signaling 
pathway 

[101] 
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Significant decrease in the to-
tal number of cells, macro-

phages, neutrophils, and total 
protein in BALF. 

Significantly decreased ex-
pression (mRNA and protein) 

of TNF-α, IL-1β and IL-6 in 
lung tissue. 

Significantly decreased pro-
tein expression of HGMB1, 
COX-2, and NF-κB-p65 in 

lung tissue. 

Dioscin 

[Steroidal saponin] 

Dioscorea spp. In vivo (ALI in-
duced by LPS in 
mice and rats) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes in the 

lung. 

Significant inhibition of in-
flammatory cell infiltration 
and MDA, SOD, NO and 

iNOS levels. 

Significantly decreased levels 
of TNF-α, IL-1β, and IL-6 

mRNA. 

Significant decrease in protein 
levels of TLR4, MyD88, 

TRAF6, TKB1, TRAF3, and 
phosphorylation levels of 

PI3K, Akt, IκBα, NF-κB-p65. 

20, 40, and 80 
mg/kg for 

mice 

 

15, 30, and 60 
mg/kg for 

rats 

Inhibition of 
the 

TLR4/MyD88 
signaling 
pathway 

[102] 
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Dioscin 

[Steroidal saponin] 

Dioscorea spp. In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in lesion 
and water content in the lung. 

Significantly decreased total 
number of alveolar macro-
phages and total protein in 

BALF. 

Significantly decreased levels 
of TNF-α, IL-1β, IL-6, MPO, 
IFN-γ, ICAM-1, and NF-κB-

p65. 

Significant decrease in protein 
expression of TLR4, MyD88, 

NF-κB-p65, COX-2 and 
HSP70. 

20, 40, and 60 
mg/kg  

 

Inhibition of 
the 

TLR4/MyD88 
signaling 
pathway 

[103] 

Dioscin 

[Steroidal saponin] 

Dioscorea spp. In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes, perme-
ability, edema and MPO ac-

tivity in the lungs. 

Significantly decreased total 
cell and neutrophil numbers, 

total protein, TNF-α, IL-6, and 
keratinocyte chemoattractant 

(KC) in BALF. 

Significantly decreased pro-
tein expression of COX-2, 

TLR4, and phosphorylated 
NF-κB-p65. 

20, 40, or 80 
mg/kg 

Inhibition of 
the 

TLR4/MyD88 
signaling 
pathway 

[104] 
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Dioscin 

[Steroidal saponin] 

Dioscorea spp. In vivo (Asthma 
induced by oval-
bumin in mice) 

Anti-
inflammator

y 

Significant decrease in the in-
filtration of inflammatory 

cells in lung tissue. 

  Significantly decreased lev-
els of TNF-α, IL-1β and IL-6 

in BALF. 

Significant increase in the ex-
pression (mRNA and protein) 
of α-glucocorticoid receptors 
(SLPI, GILZ and MKP-1) and 

inhibition of HSP70. 

100 mg/kg Increased ex-
pression of α-

glucocorti-
coid recep-

tors and inhi-
bition of 
HSP70 

[105] 

Dioscin 

[Steroidal saponin] 

Dioscorea spp. In vivo (pulmo-
nary fibrosis in-

duced by crystal-
line silica in mice) 

Anti-
inflammator

y 

Significant decrease in inflam-
matory cell infiltration and fi-

brosis in lung tissue. 

Significant decrease in apop-
totic cells (annexin A5 expres-
sion) and increase in autopha-
gosomes by cells and lung tis-

sue. 

Significant increase in LC3-
II/I expression. 

Significantly decreased ex-
pression of p62 and phos-

phorylation of Akt and mTOR 

20, 40 or 80 
mg/kg 

Increased au-
tophagy of al-
veolar macro-
phages asso-
ciated with 
the negative 
regulation of 

the 
Akt/mTOR 

pathway 

[106] 

Trillin  

[Steroidal saponin] 

Dioscorea nippo-
nica 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in patho-
logical changes, MPO activity 
and W/D ratio in lung tissue. 

50 or 100 
mg/kg 

Activation of 
the Nrf2/HO-

1 signaling 
pathway and 
inhibition of 

[107] 
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  Significant decrease in the 
levels of IL-1β and IL-6 and 

increase in the levels of SOD, 
MDA, CAT, GSH, GSH-px in 

BALF. 

Significant increase in protein 
expression of Nrf-2 and HO-1 
and decreased phosphoryla-
tion of NF-κB-p65 and IκBα 

the NF-κB 
pathway 

Timosaponin A-III 

[Steroidal saponin] 

Anemarrhena as-
phodeloides 

In vivo (ALI in-
duced by LPS in 

mice) 

Anti-
inflammator

y 

Significant decrease in histo-
pathological changes and lev-
els of IL-1β and IL-6 in lung 

tissue. 

Significant decrease in the to-
tal number of cells, macro-
phages and neutrophils in 

BALF. 

Significantly decreased NF-
κB-p65, p38, JNK, ERK, and 
STAT3 phosphorylation in 

lung tissue. 

25 or 50 
mg/kg 

Inhibition of 
NF-κB and 
MAPK sig-
naling path-

ways 

[108] 

  



Pharmaceutics 2023, 15, 348 19 of 21 
 

 

Table S2. Summary of the main studies related to the antiplatelet-antithrombotic effects of saponins in clinical trials and in vivo models of pulmonary coagulopathies. 

Saponin  
[chemical structure] 

Plant source Type of Study 

 

Activity 

 

Main Findings 

 

Doses 

 

Mechanism 
of 

Action 

Ref. 

extracts of total ste-
roidal saponins 

(TSS)  

 

protodeltonin, delto-
nin, parvifloside, y 
zingiberensis sapo-

nin 

 

[Steroidal saponins] 

Dioscorea zingi-
berensis 

Ex vivo (platelet 
aggregation in rat 

model) 

 

In vivo (bleeding 
time, coagulation 
factors, and pro-
tection rate in in-

ferior vena cava li-
gation thrombosis 
rat model and pul-

monary throm-
bosis mice model) 

Anti-throm-
botic 

TSS-DZW significantly inhib-
ited (up to 25% inhibition) 

ADP-induced platelet aggre-
gation and reduced thrombus 
size induced by inferior vena 
cava ligation in rats by up to 

84%. 
 

TSS-DZW prolonged the time 
of coagulation parameters 
(APTT, TT, and PT) and 

bleeding time in a dose-de-
pendent manner in mice. 

 
TSS-DZW provided signifi-

cant (45.4%) protection 
against death from pulmo-
nary thrombosis in mice. 

Oral admin-
istration for 2 

weeks of 
TSS: 

Rats: 32.3, 
64.7, and 

129.4 mg/kg 
Mice: 45.3, 
90.6, and 

181.1 mg/kg 

Inhibition of 
platelet ag-
gregation 

[109] 

Naodesheng (NDS) 
formula 

 

Notoginsenoside R1 
y Ginsenoside (Re, 
Rg1, Rb1, Rb2, Rb3, 

Rc, y Rd) 

 

Rhizoma 
Chuanxiong, 

Lobed Kudzuvine, 
Carthamus tincto-
rius, Radix Noto-
ginseng and Cra-
taegus pinnatifida 

Ex vivo (platelet 
aggregation rat 

model)  

 

In vivo (Blood 
clotting time and 
protection rate in 

Anti-throm-
botic 

The NDS bioactive fraction 
CD significantly inhibited 

(22.48% inhibition) ADP-in-
duced platelet aggregation in 

rats. 
 

CD-NDS prolonged clotting 
time to and provided signifi-
cant (60%) protection against 

Daily oral 
administra-
tion of 2.14 
g/kg for 5 
days (rats 
and mice) 

 

Inhibition of 
platelet ag-
gregation 

[110] 
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[Triterpenoid sapo-
nins] 

pulmonary throm-
bosis mice model) 

death from pulmonary 
thrombosis in mice. 

Diosgenyl β-D-ga-
lactopyranosyl-

(1→4)-β-D-gluco-
pyranoside (C3) 

(diosgenin deriva-
tive) 

 

[Steroidal saponin] 

Dioscorea zingi-
berensis 

Ex vivo (platelet 
aggregation in rat 

model) 

 

In vivo (bleeding 
time, coagulation 
factors, and pro-

tection rate in pul-
monary throm-

bosis mice model) 

Anti-throm-
botic 

Compound C3 at a dose of 
100 mg/kg significantly inhib-

ited (15% inhibition) ADP- 
and thrombin-induced plate-

let aggregation in rats. 
 

C3 increased APTT (20.95 
sec), inhibited factor VIII ac-
tivities (35% inhibition), and 
provided significant protec-
tion (45.45%) against death 

from pulmonary thrombosis 
in mice. 

Oral admin-
istration of 
25-100 µM, 
twice a day 
for five days 

(rats and 
mice) 

 

In protection 
rate in pul-

monary 
thrombosis 
mice model: 
oral admin-
istration of 

25-100 mg/kg 

Inhibition of 
platelet ag-

gregation and 
factor VIII ac-

tivities 

[111] 

Panax notoginseng 
saponins (PNS)  

 

ginsenoside Rg1, 
ginsenoside Rb1 

[Triterpenoid sapo-
nins] 

 

notoginsenoside R1 
[Steroidal saponin] 

Panax notoginseng In vitro (platelet 
activation and ag-
gregation assays)  

 

In vivo (improve-
ment of the hyper-
coagulable state in 
rat hypercoagula-

ble model) 

Anti-platelet/ 
Anti-throm-

botic 

In in vitro assays, treatment 
with PNS (100 µg/mL) signifi-
cantly inhibited thrombin-in-

duced platelet aggregation 
(up to 20%) and was associ-
ated with PPAR-γ overex-

pression, its positive regula-
tion of the PI3K)/Akt/ eNOS. 

 
In in vivo trials, the doses of 

PNS (100 and 200 mg/kg) sig-
nificantly reversed the hyper-
coagulability state induced in 

In vitro as-
says: 1, 10, 
100 µg/mL 

 

In vivo as-
say: 10, 100 

and 200 
mg/kg 

Inhibition of 
platelet acti-
vation and 

aggregation 
by upregulat-

ing the 
PI3K/Akt/eN
OS pathway 
in a PPAR-γ-

dependent 
manner 

[112] 
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rats, by prolonging the APTT 
and PT parameters (values 

similar to normal control) and 
decreasing the expression of 

fibrinogen. 

PNS from 
Xuesaitong Oral 

Tablets (Chinese Pa-
tent Medicine)  

 

notoginsenoside R1 
[Steroidal saponin] 

 

ginsenoside Rg1, 
ginsenoside Rb1 

[Triterpenoid 
saponins] 

Panax notoginseng Clinical trial (pro-
spective cohort 

study, 281 surgical 
inpatients at mod-
erate to high risk 

of DVT) 

Anti-throm-
botic 

Significant decrease in the in-
cidence of DVT in the group 

of exposure patients 
(PNS+LMWH) with 21 

(15.7%) incidents of DVT, 
compared to the group of 
control patients (LMWH) 

with 41 (27.9%) incidents of 
DVT. 

Control 
group: hypo-
dermic injec-

tion of 
LMWH 

(4000–8000 
AxaIU, once 

daily) 
 

Exposure 
group: 

Xuesaitong 
oral tablets 
(100 mg), 3 
times daily, 
combined 

with LMWH 

 

Inhibition of 
platelet ag-
gregation 

[113]   

 

 


