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bioactivities. The review also clarifies the remaining gaps 
and thus qualifies and supplies a platform for further inves-
tigations of these compounds.
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Introduction

Medicinal plants have been identified and utilized through-
out human history. Plants could synthesize a wide variety of 
bioactive compounds that have several biological functions 
(Sweelam et al. 2018; Boozari et al. 2019b; Elberry et al. 
2020). Fabaceae (Leguminosae, the legume family) is the 
third largest family of flowering plants (Borges et al. 2013). 
Fabaceae includes about 20,000 species within 750 genera 
and it includes herbal trees, herbs, and shrubs distributed 
worldwide (Simpson 2010). One of the most important gen-
era of this family is Sophora which contains ~ 52 species, 19 
varieties, and 7 forms that are widely distributed in Asia and 
mildly spread in Africa (Simpson 2010; Borges et al. 2013).

More than 15 species of this genus have been historically 
used in the traditional medicines, shifting the scientific com-
munity attention on their bioactive components with multi 
pharmacological and/or therapeutic benefits (Aly et al. 2019; 
Boozari et al. 2019b; Cai et al. 2020; Wang et al. 2020a, b, 
c). Despite the importance of genus Sophora, only few spe-
cies have been chemically evaluated as previously covered 
in several reviews (Aly et al. 2019; Boozari et al. 2019b; 
Elberry et al. 2020). Herein, we illustrated the structure 
of > 360 isolated compounds from different Sophora species, 
including alkaloids, chalcones, chromones, pterocarpans, 
coumarins, benzofuran derivatives, sterols, isoflavonoids, 
flavonols, flavones, saponins, and stilbene oligomers (Cao 
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and He 2020; Jin et al. 2020; Zhang et al. 2020a). These 
phytonutrients showed numerous pharmacological activi-
ties including anti-inflammatory, anti-arthritic, antiplatelets, 
antipyretic, anticancer, antiviral, antimicrobial, antioxidant, 
anti-osteoporosis, anti-ulcerative colitis, antidiabetic, anti-
obesity, antidiarrheal, insecticidal, and hair growth pro-
moting, besides their uses in the treatment of skin diseases 
i.e. eczema, colitis, and psoriasis (Huang et al. 2018a, b; 
Aly et al. 2019; Boozari et al. 2019b; Wang et al. 2019a, b, 
2020a, b, c; Guo et al. 2020; Mao et al. 2020; Li et al. 2021b; 
Ma et al. 2021).

The review by Krishna et al. (2012) summarized the lit-
erature to document the ethnomedical and secondary metab-
olites that characterize and differentiate between Sophora 
species. Further, Aly et al. have surveyed the findings during 
8 years (2011–2019) on the bioactivities of Sophora species, 
with particular focus on their anticancer and anti-inflam-
matory properties. Wang and co-authors have also assessed 
the reported biological activities of important class of com-
pounds, quinolizidine alkaloids of Sophora species (Wang 
et al. 2019a), while Boozari et al. has a particular focus on 
active prenylated flavonoids and their structure–activity rela-
tionship (Boozari et al. 2019b). The purpose of the present 
critical study is to highlight the recent advances in current 
knowledge on Sophora species. However, the aim is not only 
to represent the recorded data, but also to address all the 
defects and gaps required for further future investigation. In 
the current review, figures are used as the simplest way to 
simplify the hugely recorded data of Sophora species into 
informative points. We employed those figures to elaborate 
and suggest the future scientists’ role for a better prospective 
investigation regarding Sophora genus. We do believe that 
this kind of ordered knowledge will guide the researchers 
to extend their research and explore the Sophora for drug 
development.

Phytochemistry

Sophora is a crucial genus, because of the broad variation 
in its chemical composition. This genus was reported to be 
rich in polyphenols such as flavanols, flavones, and isoflavo-
noids along with pterocarpans, chalcones, chromones, and 
benzofuran derivatives (Tables 1, 2, 3, 4, 5, 6). As tabulated 
in Tables 7, 8, 9, 10, 11 and 12, stilbenes, oligomers, ster-
ols, triterpenes, coumarins, alkaloids, phenolic acids, and 
other phenolated compounds were identified from different 
Sophora species. Other constituents include hydrocarbons 
and fatty acids methyl esters identified by gas chromatogra-
phy/mass spectrometry (GC/MS) from Sophora species was 
also demonstrated in Table 13.            

Traditional uses of main Sophora species

Traditionally Sophora species were widely utilized in 
the treatment of many diseases and ailments (Ahn 1998). 
Sophora plants, such as the roots of S. flavescens, the roots 
of S. tonkinensis, and the seeds of S. alopecuroides were 
commonly used in traditional Chinese medicines for the 
treatment of fever, bacterial infections, heart disease, rheu-
matism, eczema, colitis, acute pharyngolaryngeal infection, 
sore throat, acute dysentery and gastrointestinal hemorrhage, 
and other gastrointestinal diseases (Fang et al. 2018; Fan 
et al. 2019; Gu et al. 2020; Jin et al. 2020; Li et al. 2020d; 
Wang et al. 2020b; Zhang et al. 2020a; Ti et al. 2021). The 
main species of Sophora that are commonly used in tradi-
tional medicine were the following:

S. flavescens

The dried roots of S. flavescens Aiton are traditionally used 
as an antipyretic medicine to reduce the inflammation (Aly 
et al. 2019; Wang et al. 2019c). The herb is also used for 
the treatment of skin and mucosal ulcers, sores, diarrhea, 
gastrointestinal hemorrhage, arrhythmia, and eczema (Aly 
et al. 2019; Boozari et al. 2019b). The root of S. flaves-
cens has been extensively used in the clinic to treat cancer, 
hematochezia, dysentery, jaundice, pruritus vulvae, hepati-
tis, eczema, and skin diseases in traditional Chinese medi-
cine (Yang et al. 2021). Traditionally, S. flavescens was used 
for asthma, sores, gastrointestinal hemorrhage and allergy, 
inflammation, anti-ulcerative, and treating of diarrhea and 
eczema (Ahn 1998; Chen et al. 2020b).

S. japonica and S. viciifolia

Recently the flower buds of S. japonica have been used as 
cosmetic whitening agent (Kim et al. 2021). The flower buds 
of S. japonica, which are a major traditional medicine in 
many Asian countries, are used to stop bleeding (Kim et al. 
2021), and therefore, they are used to treat bleeding haemor-
rhoids, hypertension, and pyoderma. Meanwhile, S. japonica 
L. was used as a haemostatic agent to treat hemorrhoids and 
hematemesis (Aly et al. 2019; Elberry et al. 2020), where 
S. viciifolia roots were utilized as a Chinese drug to treat 
fever, cystitis, haematuria, and edema (Ao et al. 2019). The 
S. davidii plant is synonymous with, and formerly known 
as, S. viciifolia. The roots of S. davidii have been tradition-
ally used to clear heat, sooth a sore throat, blood cooling, 
swelling reducing, and treat each of hematochezia, cough, 
and dysentery, etc. (Li et al. 2021b).
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Table 1   Flavonols and flavones isolated from Sophora species

No. Name Plant species Structure References

1

2

Quercetin

Kaempferol

S. alopecuroides
S. flavescens
S. japonica 
S. tonkinensis
S. viciifolia

S. interrupta
S. japonica

  
1: R1 = R2 = R4 = R2` = R3` = OH; 

R3 = R5 = R1` = R4` = R5` = H
2: R1 = R2 = R4 = R3` = OH; 

R3 = R5 = R1` = R2` = R4` = R5` = H
3: R2 = R4 = R2` = R3` = OH; R1 = O-glc-rh;
R3 = R5 = R1` = R4` = R5` = H
4: R2 = R4 = R2` = R3` = OH; 

R1 = R3 = R5 = R1` = R4` = R5` = H
5: R2 = R4 = R3` = OH; R3 = R5 = glc;
R1 = R1` = R2` = R4` = R5` = H
6: R2 = R3` = OH; R3 = glc; R4 = O-glc;
R1 = R5 = R1` = R2` = R4` = R5 ` = H
7: R1 = R4 = R3` = OH; R2` = OCH3;
R2 = R3 = R5 = R1` = R4` = R5` = H
8: R4 = R3` = OH; 

R1 = R2 = R3 = R5 = R1` = R2` = R4` = R5` = H

Lin et al. (2019a), Elberry et al. 
(2020), Gu et al. (2020), Jin 
et al. (2020)

Cao and He (2020), Elberry et al. 
(2020)

3 Rutin S. japonica
S. tonkinensis

Chen et al. (2018d), Elberry et al. 
(2020), Guo et al. (2020), Jin 
et al. (2020)

4 Luteolin S. alopecuroides
S. davidii
S. viciifolia

Lin et al. (2019a), Gu et al. 
(2020), Li et al. (2021b)

5 Vicenin-2
6 Saponarin
7 Geraldol S. tomentosa

S. secundiflora
Boozari et al. (2019b), Aly et al. 

(2020b)

8 7,4′-Dihydroxyflavone S. subprostrata
S. japonica

Boozari et al. (2019b), Farhadi 
et al. (2019)

9 des-O-Methylan-hydroicaritin S. tomentosa 9: R1 = R2 = R4 = R3` = OH; R5 = isoprenyl group;
R3 = R1` = R2` = R4` = R5` = H
10: R1 = R2 = R4 = R3` = OH; R5 = geranyl group
R3 = R1` = R2` = R4` = R5` = H
11: R2 = R4 = R3` = OH; R5 = rh- glc;
R1 = R3 = R1` = R2` = R4` = R5` = H
12: R2 = R4 = R3` = OH; R3 = rh- glc;
R1 = R5 = R1` = R2` = R4` = R5` = H
13: R2 = R3` = OH; R4 = O-glc;
R1 = R3 = R5 = R1` = R2` = R4` = R5` = H
14: R2 = OH; R4 = O-glc-rh; R3` = O-glc;
R1 = R3 = R5 = R1` = R2` = R4` = R5` = H
15: R2 = R4 = R2` = OH; R3` = OCH3; R1 = O-glc-rh;
R3 = R5 = R1` = R4` = R5` = H
16: R2 = R4 = R3` = OH; R5 = OCH3; R1 = O-glc-glc;
R3 = R1` = R2` = R4` = R5` = H
17: R2 = R3` = OH; R4 = O-glc; R2` = R4` = OCH3;
R1 = R3 = R5 = R1` = R5` = H

Boozari et al. (2019b)

10 Tomentosanol C

11 Rhamnosyl vitexin S. microphylla Bisby et al. (1994)

12 Rhamnosyl isovitexin

13 Apigenin-7-O-glucoside S. tetraptera

14 Apigenin-7-O-rhamnosyl-glucoside-4′-O-
glucoside

15 3′,5,7-Trihydroxy-4′-methoxyflavone-3-
O-α-L-rhamnopyranosyl(1 → 6)-β-D-
glucopyranoside

S. davidii
S. viciifolia

Lin et al. (2019a), Li et al. 
(2021b)

16 8-O-Methylherbacetin-3-O-sophoroside

17 Tricin-7-O-β-D-glucopyranoside
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Table 1   (continued)

No. Name Plant species Structure References

18
19

Alopecurone G
Sophoraflavanone G

S. alopecuroides
S. alopecuroides
S. davidii
S. exigua
S. flavescens
S. leachiana
S. pachycarpa

  
18: R4 = R3` = OH; R5 = lavandulyl group;
R1` = OCH3; R1 = R2 = R3 = R2` = R4` = R5` = H
19: R2 = R4 = R1` = R3` = OH; R5 = lavandulyl group;
R1 = R3 = R2` = R4` = R5` = H
20: R2 = R4 = R3` = OH; R5 = lavandulyl group;
R1` = OCH3; R1 = R3 = R2` = R4` = R5` = H
21: R4 = R1` = R3` = OH; R5 = lavandulyl group;
R1 = R2 = R3 = R2` = R4` = R5` = H
22: R2 = R4 = R1` = R3` = R5` = OH; R5 = lavandulyl group;
R1 = R3 = R2` = R4` = H
23: R4 = R1` = R3` = OH; R5 = lavandulyl group
R2 = OCH3; R1 = R3 = R2` = R4` = R5` = H
24: R4 = R3` = OH; R5 = lavandulyl group;
R2 = R1

` = OCH3; R1 = R3 = R2` = R4` = R5` = H
25: R2 = R4 = R3` = OH; R3 = lavandulyl group;
R1` = OCH3; R1 = R5 = R2` = R4` = R5` = H
26: R2 = R4 = R1` = R3` = OH; R3 = lavandulyl group;
R1 = R5 = R2` = R4` = R5` = H
27: R2 = R4 = R1` = R3` = R5` = OH; R1 = R3 = R2` = R4` = H
R5 = 2-(2-hydroxypropan-2-yl)-5-methylhex-4-enyl
28: R2 = R4 = R1` = OH; R1 = R3 = R2` = R3` = R4` = R5` = H
R5 = 5-hydroxy-2-isopropenyl-5-methyl hexyl
29: R2 = R4 = R1` = R3` = OH; R1 = R3 = R2` = R4` = R5` = H
R5 = 5-hydroxy-2-isopropenyl-5- methyl hexyl
30: R4 = R3` = OH; R5 = � , �-dimethylallyl;
R2 = OCH3; R1 = R3 = R1` = R2` = R4` = R5` = H
31: R4 = R3` = R4` = OH; R5 = R2` = isoprenyl group;
R1 = R2 = R3 = R1` = R5` = H
32: R4 = R3` = OH; R5 = isoprenyl group;
R2 = OCH3; R1 = R3 = R1` = R2` = R4` = R5` = H
33: R1 = R4 = R3` = OH; R5 = isoprenyl group;
R2 = OCH3; R3 = R1` = R2` = R4` = R5` = H

Li et al. (2020a)
Boozari et al. (2019a, b), (Yang 

et al. 2019, 2020c), Li et al. 
(2020a), Long et al. (2020)

20 Leachianone A S. alopecuroides
S. davidii
S. leachiana

Yang et al. (2019), Li et al. 
(2020a), Ma et al. (2021)

21 Lehmannin S. lehmannii Yang et al. (2019)

22 Exiguaflavanone G S. exigua Boozari et al. (2019b), Cho et al. 
(2020), Li et al. (2020a)

23 Kurarinone S. flavescens Boozari et al. (2019b), Cho et al. 
(2020)

24 2′-Methoxy-kurarinone Boozari et al. (2019b)
25 Vexibidin S. alopecuroides Boozari et al. (2019b), Li et al. 

(2020a)
26 Vexibinol Li et al. (2020a)
27 Exiguaflavanone M S. exigua Li et al. (2020a)
28 Kushenol S. flavescens Boozari et al. (2019b), Chen et al. 

(2019a), Cho et al. (2020), 
Kwon et al. (2020)

29 Kurarinol

30 7,4′-Dihydroxy-5-methoxy-8-(� , �-dimethylal-
lyl) –flavanone

S. flavescens Cho et al. (2020), Gu et al. (2020)

31 Tonkinochromane J S. tonkinensis Jin et al. (2020)
32 Isoxanthohumol S. flavescens Boozari et al. (2019b)
33 3 �,7,4′-Trihydroxy-5-methoxy-8-(� , �

-dimethylallyl) –flavanone
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Table 1   (continued)

No. Name Plant species Structure References

34
35
36
37
38
39
40

Exiguaflavanone E
Exiguaflavanone F
5,7,2′-Trihydroxy-8-lavandulyl flavanone
Exiguaflavanone J
Exiguaflavanone K
Leachianone D
Leachianone E

S. exigua
S. exigua

S. exigua

S. leachiana

  
34: R2 = R1` = R3` = OH; R5 = lavandulyl group;
R4 = R4` = OCH3; R1 = R3 = R2` = R5` = H
35: R2 = R2` = R5` = OH; R5 = lavandulyl group;
R4 = OCH3; R1 = R3 = R1` = R3` = R4` = OH
36: R2 = R2` = R5` = OH; R5 = lavandulyl group;
R1 = R3 = R4 = R1` = R3` = R4` = H
37: R2 = R4 = R1` = R3` = R5` = OH; R1 = R2` = R4` = H;
R3 = isoprenyl group; R5 = lavandulyl group
38: R2 = R4 = R3` = OH
R5 = isoprenyl group
R2` = OCH3
R1 = R3 = R1` = R4` = R5` = H
39: R2 = R4 = R3` = OH; R5` = OCH3
R5 = 5-hydroxy-2-isopropenyl-5-methyl hexyl;
R1 = R3 = R1` = R2` = R4` = H
40: R2 = R4 = R3` = OH; R5 = lavandulyl group;
R1 = R3 = R1` = R2` = R4` = R5` = H

Li et al. (2020a)
Boozari et al. (2019b), Li et al. 

(2020a)
Farhadi et al. (2019), Li et al. 

(2020a), Yang et al. (2020c)
Boozari et al. (2019b), Li et al. 

(2020a)

41 Prostratrol F S. prostrata 41: R4 = R3` = OH; R5 = lavandulyl group;
R1 = R2 = R3 = R1` = R2` = R4` = R=` = H
42: R4 = R3` = OH; R3 = R5 = R2` = isoprenyl group;
R1 = R2 = R1` = R4` = R5` = H
43: R4 = R3` = OH; R5 = R2` = isoprenyl group;
R1 = R2 = R3 = R1` = R4` = R5` = H
44: R1 = R4 = R3` = OH; R5 = R2` = isoprenyl group;
R2 = R3 = R1` = R4` = R5` = H
45: R2 = R4 = R3` = R4` = OH; R3 = isoprenyl group;
R1 = R5 = R1` = R2` = R5` = H
46: R4 = R3` = R5` = OH; R3 = R5 = isoprenyl group;
R1 = R2 = R1` = R2` = R4` = H
47: R2 = R4 = OH; R5 = isoprenyl group;
R1 = R3 = R1` = R2` = R3` = R4` = R5` = H
48: R2 = R4 = R3` = OH; R5 = isoprenyl group;
R1 = R3 = R1` = R2` = R4` = R5` = H
49: R2 = R4 = R3` = OH;
R5 = 2-hydroxy-3-methylbut-3- enyl
R1 = R3 = R1` = R2` = R4` = R5` = H
50: R2 = R4 = R1` = R3` = R5` = OH; R3 = geranyl group;
R5 = isoprenyl group; R1 = R2` = R4` = H

Li et al. (2020a)
42 Prostratrol G
43 Glabrol S. prostrata

S.alopecuroides
Li et al. (2020a)

44 3-Hydroxy glabrol S. prostrata Li et al. (2020a)

45 6-� , �-Dimethylallyl-5,7,3′,4′-tetrahydroxy 
flavanone

S. secundiflora Aly et al. (2019, 2020a)

46 2′,4′,7-Trihydroxy-6,8-bis(3-methyl-2-butenyl) 
flavanone

S. tonkinensis Li et al. (2020a)

47 Glabranin S. tomentosa Boozari et al. (2019b)
48 Sophoraflavanone B
49 Tomentosanol D
50 Tomentosanol E
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Table 1   (continued)

No. Name Plant species Structure References

51 Sophoraflavanone A S. tomentosa 51: R2 = R4 = R3` = OH; R5 = geranyl group;
R1 = R3 = R1` = R2` = R4` = R5` = H
52: R2 = R4 = R3` = R1` = OH; R5 = geranyl group;
R1 = R3 = R2` = R4` = R5` = H
53: R2 = R4 = R1` = R3` = R5` = OH; R3 = geranyl group;
R1 = R5 = R2` = R4` = H
54: R2 = R4 = R1` = R3` = R5` = OH; R5 = geranyl group;
R1 = R3 = R2` = R4` = H
55: R2 = R3` = OH; R4 = O-glc; R3` = OCH3;
R1 = R3 = R5 = R1` R2` = R4` = R5` = H
56: R2 = R4 = R3` = OH; R3 = R5 = isoprenyl group;
R1 = R1` = R2` = R4` = R5` = H

Boozari et al. (2019b)
52 Sophoraflavanone C
53 Sophoraflavanone D S. koreensis

S. tomentosa
Boozari et al. (2019b), Li et al. 

(2020a)
54 Sophoraflavanone E
55 Isosakuranin S. viciifolia Lin et al. (2019a)
56 Lonchocarpol A S. tetraptera Li et al. (2020a)

57 Alopecurone A S. alopecuroides

  
57: R = lavandulyl group; R` = OH
58: R = isoprenyl group; R` = H
59: R = lavandulyl group; R` = OCH3
60: R = isoprenyl group; R` = OH

Li et al. (2020a)

58 Alopecurone C
59 Alopecurone D
60 Alopecurone F

61

62

63

64

Exiguaflavanone A

Exiguaflavanone B

Exiguaflavanone C

Exiguaflavanone D

S. flavescens
S. exigua

  
61: R2 = R4 = R1` = R5` = OH; R5 = lavandulyl group;
R1 = R3 = R2` = R3` = R4` = H
62: R2 = R1` = R5` = OH; R1 = R3 = R2` = R3` = R4` = H;
R4 = OCH3; R5 = lavandulyl group
63: R2 = R4 = R1` = R3` = R5` = OH;
R3 = Lavandulyl group; R1 = R5 = R2` = R4` = H
64: R2 = R4 = R1` = R5` = OH; R3 = isoprenyl group;
R5 = lavandulyl group; R3` = OCH3;
R1 = R2` = R4` = H

Boozari et al. (2019b), Li et al. 
(2020a), Yang et al. (2020c)

Boozari et al. (2019b), Li et al. 
(2020a)

65 Alopecurone B S. alopecuroides

  
65: R = OH
66: R = OCH3

Li et al. (2020a)

66 Alopecurone E
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No. Name Plant species Structure References

67 Sophoraflavanone I S. davidii
S. leachiana

  
67: R = lavandulyl group
68: R = isoprenyl group

Aly et al. (2019), Yang et al. 
(2019)

68 Leachianone I S. flavescens
S. leachiana

Li et al. (2020a)

69 Leachianone C S. leachiana

  

Li et al. (2020a)

70 Tonkinochromane K S. tonkinensis

  

Li et al. (2020a)

71 Euchrenone S. tetraptera

  
71: R1 = isoprenyl group; R2 = R3 = OH; R4 = H
72: R1 = lavandulyl group; R2 = R3 = R4 = OH

Li et al. (2020a)

72 Exiguaflavanone I S. exigua
S. flavescens

Farhadi et al. (2019), Li et al. 
(2020a)

73 Lupinifolin S. tetraptera

  
73: R1 = isoprenyl group; R2 = R3 = H
74: R1 = lavandulyl group; R2 = R3 = OH

Zhang et al. (2020a)

74 Exiguaflavanone H S. exigua
S. flavescens

Li et al. (2020a)

75 Exiguaflavanone L S. exigua

  
75: R1 = R3 = OH; R2 = H
76: R1 = H; R2 = OH; R3 = OCH3

Li et al. (2020a)
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No. Name Plant species Structure References

76 Leachianone B S. leachiana Boozari et al. (2019b), Li et al. 
(2020a)

77 Leachianone G S. flavescens

  

Yang et al. (2021)

78 (2S)-5,4-Dimethoxy-8-lavandulyl-7,2-dihy-
droxyflavanone

S. flavescens

  

Yang et al. (2021)

79 Kushenol D S. flavescens

  

Yang et al. (2021)

80 Kushenol I S. flavescens

  

Yang et al. (2021)

81 2′-Methoxy kushenol I S. flavescens

  

Yang et al. (2021)

82 Kushenol K S. flavescens

  

Yang et al. (2021)

83 Kushenol P S. flavescens

  

Yang et al. (2021)
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No. Name Plant species Structure References

84 Kushenol R S. flavescens

  

Yang et al. (2021)

85 Kushenol U S. flavescens

  

Yang et al. (2021)

86 (2S)-2,4-Dihydroxy-5-methoxy-6′′,6′′-
dimethyl-5′′-prenyldihydropyrano[2′′,3′′:4,3]
flavanone

S. flavescens

  

Yang et al. (2021)

87 (2R,3R)-5-Methoxy-7,4′-dihydroxy-8-[3,3-
dimethylallyl]flavanonol

S. flavescens

  

Yang et al. (2021)

88 Xanthohumol S. flavescens

  

Yang et al. (2021)

89 Norkurarinol  S. flavescens

  

Yang et al. (2021)

90 Sophoraflavenochromane G S. flavescens

  

Yang et al. (2021)

91 Sophoraflavanonol A S. flavescens

  

Yang et al. (2021)
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No. Name Plant species Structure References

92 5-Methoxy-7,4′-dihydroxy-8-
lavandulylflavonol

S. flavescens

  

Yang et al. (2021)

93 5-Methoxy-7-hydroxy-8-lavandulylbenzochr-
omone

S. flavescens

  

Yang et al. (2021)

94 Davidone A S. davidii

  

Ma et al. (2021)

95 Davidone B S. davidii

  

Ma et al. (2021)

96 Davidone C S. davidii

  

Ma et al. (2021)

97 Davidone D S. davidii

  

Ma et al. (2021)

98 Davidone E S. davidii

  

Ma et al. (2021)

99 Acacetin S. davidii

  

Ma et al. (2021)

100 2-Methoxy-2′,4′,4,6-tetrahydroxy-5-lavanduly 
dihydrochalcone

S. flavescens

  

Yang et al. (2021)
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No. Name Plant species Structure References

101 Sophoraflavanone M S. flavescens

  

Han et al. (2021)

Table 1   (continued)

S. alopecuroides

It is benefited for its anti-dysentery effect, a property that is 
commonly observed in other Sophora genus phytomedicines 
(Zhou et al. 2020).

S. tonkinensis

In traditional Chinese medicine theory, the root and rhizome 
are toxic and mainly used in the treatment of pharyngeal and 
laryngeal diseases (Zhang et al. 2021b).

S. subprostrata and S. mollis

Another example about the roots of S. subprostrata and S. 
mollis, which were used as an antipyretic, analgesic with 
a potential anti-tumor activity (Ao et al. 2019; Wang et al. 
2019a; Zhang et al. 2020a; Quradha et al. 2021). These roots 
are also used as a Korean traditional medicine for the treat-
ment of fever, inflammation, peptic ulcer, and cancer (Aly 
et al. 2019, 2020a; Boozari et al. 2019b; Chen et al. 2020b; 
Wang et al. 2020b; Yang et al. 2020b). Several Sophora spe-
cies including S. subprostrata displayed various activities in 
dispelling dampness, clearing heat, sedation, detoxification, 
and relieving swelling and pain (Zhou et al. 2020).

S. exigua

Sophora exigua Craib is commonly used in Thailand to 
increase postpartum breast milk production in women who 
have hypogalactia and reduce fever (Kaewdana et al. 2021).

Biological effects

Active molecules from the genus Sophora

Worldwide, about 4 billion people today rely on plants as 
sources of drugs even in the developed countries (Sweelam 

et al. 2018; Aly et al. 2019; Boozari et al. 2019b). Freshly, 
medicinal plants gained the attention in term of identifying 
and exploiting safe and effective remedies for treatment of 
several chronic and infective diseases (Boozari et al. 2019a, 
b; Wang et al. 2020a ,b; Zhou et al. 2020). The phytoex-
tracts of Sophora species are rich sources of bioactive phyto-
chemicals, such as prenylated flavonoids, quinolizidine-type 
alkaloid, terpenes, etc. with health-promoting properties 
(Tables 14, 15). Biological activities of many Sophora spe-
cies bioactive compounds are depending on the structure of 
those constituents.

Cytotoxic and anti‑tumor activity

Prenylated flavonoids from Sophora species exert depend-
ently inhibited the Alzheimer’s disease, primarily through 
their skeleton’s structure (chalcones, flavonols, flavanones), 
and their lipophilic chain length (lavandulyl and prenyl 
groups) (Aly et al. 2019; Boozari et al. 2019b). Due to the 
promising and diverse bioactivities on multitarget tissues of 
prenylated flavanones, research on such components were 
recently spotlighted (Awad et al. 2014, 2018; Boozari et al. 
2019b; Wang et al. 2020b). For example, sophoraflavanone 
G (19; from S. flavescens) has revealed cytotoxicity for sev-
eral tumor cells with IC50-values of 20 mM, which was like 
cisplatin, commonly used as a recent chemotherapy drug to 
treat different cancers (Long et al. 2020). It also has reported 
to induce apoptosis in triple-negative breast cancer cells 
(Huang et al. 2019, 2020). Kurarinone (23) induced apop-
tosis in small cell lung carcinoma (SCLC) cells via mul-
tiple mechanisms and delayed SCLC-cell’s migration and 
invasion (Chung et al. 2019). By its underlying mechanism, 
Kurarinone promoted Fas and TRAIL receptor-1 and -2 
expression via the caspase-8/Bid pathway.

A prenylated flavanone from the roots of S. flavescens has 
recorded anti-proliferative activity against human hepatoma 
cells (HepG2) (Yang et al. 2021). This lavandulyl flavonoid 
2-methoxy-2′,4′,4,6-tetrahydroxy-5-lavanduly dihydrochal-
cone (100) significantly activated autophagic flux and trigger 
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Table 2   Isoflavonoids isolated from Sophora species

No. Name Plant species Structure References

102 Sophoronol A S. mollis

  
102: R1 = OH; R2 = H
103: R1 = OCH3; R2 = OH

Boozari et al. (2019b), Uzor 
(2020), Kaewdana et al. 
(2021)

103 Sophoronol B

104 Sophoronol C

  
105 Sophoronol D

  
105: R1 = OH; R2 = H; R3 = OCH3; R4 = OH
106: R1 = OH; R2 = isoprenyl; R3 = OCH3; R4 = H
107: R1 = OCH3; R2 = isoprenyl; R3 = OH; R4 = H

106 Sophoronol E
107 Sophoronol F

108 Daidzein S. japonica

   
108: R1 = R3 = R4 = H; R2 = R5 = OH
109: R1 = OH; R2 = OCH3; R3 = R4 = H; R5 =  

glucose
110: R1 = R3 = H; R2 = OH; R4 = OCH3; R5 =  

glucose
111: R1 = R3 = H; R2 = glucose; R4 = OCH3; R5 =  

OH
112: R1 = OH; R2 = OCH3; R3 = R4 = H; R5 =  

glucose
113: R1 = R3 = R4 = H; R2 = glucose; R5 = glucose

Chen et al. (2018d), Elberry 
et al. (2020), Guo et al. 
(2020), Song et al. (2021)

109 Ononin S. japonica
S. tonkinensis

110 Glycitin S. japonica

111 Glycitein-4′-O-β-D-glucoside S. japonica

112 Calycosin-7-O-glucoside S. fraseri
S. japonica
S. secundiflora

113 Paratensein-7-O-glucoside S. japonica

114 Isotrifolirhizin S. japonica
S. tonkinensis

  

Chen et al. (2018d), Elberry 
et al. (2020), Guo et al. 
(2020), Song et al. (2021)

115 Puerol A S. japonica

  

Chen et al. (2018d), Elberry 
et al. (2020), Guo et al. 
(2020)

116 5-hydroxypseudobapti-
genin-7-O-glucoside

S. japonica

  

Chen et al. (2018d), Elberry 
et al. (2020), Guo et al. 
(2020)
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No. Name Plant species Structure References

117 Sissotrin S. japonica

  
117: R1 = H; R2 = CH3
118: R1 = OCH3; R2 = H
119: R1 = H; R2 = H

Kim and Yun-Choi (2008), 
Chen et al. (2020d)

118 Tectoridin S. japonica Kim and Yun-Choi (2008), 
Chen et al. (2020d)

119 Genistin S. japonica
S. tonkinensis

Kim and Yun-Choi (2008), 
Chen et al. (2020d), Song 
et al. (2021)

120 Genistein S. moorcroftiana
S. secundiflora

 
 ̀

`  ̀

 ̀

 ̀O

OR2

R
3

R4
R
5

R
4

R3

R
2

R1

R5

R
1

 
120: R2 = R4 = R3` = OH; 

R1 = R3 = R5 = R1` = R2` = R4` = R5` = H
121: R2 = R4 = R1` = R3` = OH; 

R1 = R3 = R5 = R2` = R4` = R5` = H
122: R2 = R4 = R3` = OH; R2` = isoprenyl group;
R1 = R3 = R5 = R4` = R5` = H
123: R2 = R4 = R3` = OH; R1 = R3 = R5 = R2` = R5` = H
R1` = OCH3; R4` = 1,1-dimethyl-2- propenyl
124: R4 = R2` = OH; R3` = OCH3;
R1 = R2 = R3 = R5 = R1` = R4` = R5` = H
125: R4 = OH; R3` = OCH3
R1 = R2 = R3 = R5 = R1` = R2` = R4` = R5` = H

Huang et al. (2018c), Su 
et al. (2018), Boozari et al. 
(2019b), Li et al. (2020a)

121 2′-Hydroxygenistein S. alopecuroides Li et al. (2020a)
122 3′-Isoprenyl genistein S. flavescens

S. japonica
S. tomentosa

Boozari et al. (2019b), Li 
et al. (2020a)

123 Fraserinone A S. fraseri Li et al. (2020a)
124 Calycosin S. fraseri

S. japonica
S. secundiflora

Boozari et al. (2019b), Li 
et al. (2020a)

125 Formononetin S. flavescens
S. secundiflora
S. tonkinensis

Boozari et al. (2019b), Cho 
et al. (2020), Jin et al. 
(2020), Li et al. (2020a)

126 Orobol (Isoluteolin) S. davidii
S. japonica
S. secundiflora
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126: R3 = R4 = R2` = R3` = OH; 

R1 = R2 = R5 = R1` = R4` = R5` = H
127: R2 = R4 = R1` = R2` = OH; R3` = OCH3;
R4` = 1,1-dimethyl-2- propenyl; 

R1 = R3 = R5 = R5` = H
128: R4 = R1` = R2` = OH; R3` = OCH3;
R4` = 1,1-dimethyl-2- propenyl; 

R1 = R2 = R3 = R5 = R5` = H
129: R2 = R4 = R2` = OH; R3` = OCH3;
R1 = R3 = R5 = R1` = R4` = R5` = H
130: R2 = R4 = OH; R3` = OCH3;
R1 = R3 = R5 = R1` = R2` = R4` = R5` = H
131: R2 = R2` = R3` = R5` = OH; R4 = OCH3;
R1 = R3 = R5 = R1` = R4` = H
132: R2 = R4 = OH; R3 = R3` = OCH3;
R1 = R5 = R1` = R2` = R4` = R5` = H

Boozari et al. (2019b), 
Elberry et al. (2020), Guo 
et al. (2020), Li et al. 
(2021b)

127 Secundiflorol B S. gypsophila
S. secundiflora

Boozari et al. (2019b), Li 
et al. (2020a)

128 Secundiflorol C S. flavescens
S. japonica
S. tomentosa

Boozari et al. (2019b), Li 
et al. (2020a)

129 Pratensein S. secundiflora Boozari et al. (2019b), Li 
et al. (2020a)

130 Biochanin S. interrupta
S. japonica
S. secundiflora

Boozari et al. (2019b), Ram-
mohan et al. (2020)

131 Prunetin S. flavescens
S. secundiflora
S. tonkinensis

Boozari et al. (2019b), Cho 
et al. (2020), Jin et al. 
(2020), Li et al. (2020a)

132 Irisolidone S. tomentosa Boozari et al. (2019b)
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No. Name Plant species Structure References

133 Iristectorigenin A S. gypsophila
S. secundiflora
S. viciifolia
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133: R2 = R4 = R2` = OH; R3 = R3` = OCH3;
R1 = R5 = R1` = R4` = R5` = H

Boozari et al. (2019b), Lin 
et al. (2019a), Li et al. 
(2020a)

134 Sophoricoside 134: R2 = R4 = OH; R3` = O-glc;
R1 = R3 = R5 = R1` = R2` = R4` = R5` = H

135 Sophoraisoflavanone A S. flavescens
S. fraseri
S. japonica
S. tomentosa
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135: R2 = R4 = R3` = OH; R1` = OCH3;
R2` = isoprenyl group; R1 = R3 = R5 = R4` = R5` = H

Boozari et al. (2019b), Li 
et al. (2019c)

136 Kenusanone H S. koreensis
S. tomentosa
S. flavescens
S. prostrata

136: R2 = R4 = R1` = R3` = OH; R5 = lavandulyl group;
R1 = R3 = R2` = R4` = R5` = H

Aly et al. (2019), Boozari 
et al. (2019b), Li et al. 
(2020a)137 Prostratol A 137: R4 = R1` = R3` = OH; R4` = geranyl group;

R1 = R2 = R3 = R5 = R2` = R5` = H
138 Prostratol B S. tomentosa 138: R4 = R1` = R3` = OH; R3 = R4` = isoprenyl group;

R1 = R2 = R5 = R2` = R5` = H
Boozari et al. (2019b)

139 Prostratol C 139: R4 = R1` = OH; R3` = OCH3; R4` = isoprenyl 
group;

R1 = R2 = R3 = R5 = R2` = R5` = H
140 Secundiflorol D S. secundiflora 140: R4 = R1` = R2` = OH; R3` = OCH3; 

R1 = R2 = R3 = R5 = R5` = H
R4` = 1,1-dimethyl-2- propenyl

Aly et al. (2019), Li et al. 
(2020a)

141 Secundiflorol E S. flavescens
S. fraseri
S. japonica
S. tomentosa

  
141: R2 = R4 = R2` = OH; R1` = R3` = OCH3;
R4` = 1,1-dimethyl-2- propenyl; 

R1 = R3 = R5 = R5` = H

Boozari et al. (2019b), Li 
et al. (2019c)

142 Secundiflorol H S. secundiflora 142: R2 = R4 = R2` = OH; R1` = R3` = OCH3;
R1 = R3 = R5 = R4` = R5` = H

Boozari et al. (2019b)

143 Arizonicanol C S. arizonica
S. tomentosa

143: R2 = R4 = R2` = OH; R3 = � , �-dimethylallyl;
R1` = R3` = OCH3; R1 = R5 = R4` = R5` = H

Boozari et al. (2019b), Chang 
et al. (2019a, b)

144 Arizonicanol D 144: R2 = R4 = R2` = OH; R1` = isoprenyl group; 
R3` = OCH3

R1 = R3 = R5 = R4` = R5` = H
145 Tomentosanol A 145: R2 = R4 = R3` = OH; R3 = isoprenyl group; 

R1` = OCH3;
R4` = 1,1-dimethyl-2- propenyl; 

R1 = R5 = R2` = R5` = H
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Table 2   (continued)

No. Name Plant species Structure References

146 Isosophoranone S. secundiflora
S. tonkinensis
S. mollis
S. tetraptera

146: R2 = R4 = R3` = OH; R3 = R2` = isoprenyl group;
R1` = OCH3; R1 = R5 = R4` = R5` = H

Aly et al. (2019), Li et al. 
(2020a), Song et al. (2021)

147 Kenusanone A 147: R2 = R4 = R3` = R5` = OH; R2` = lavandulyl 
group;

R1 = R3 = R5 = R1` = R4` = H
148 Tetrapterol C S. secundiflora 148: R2 = R4 = R3` = OH; R5 = lavandulyl group; 

R1` = OCH3;
R1 = R3 = R2` = R4` = R5` = H

Boozari et al. (2019b)

149 Tetrapterol D S. arizonica 149: R2 = R4 = R3` = OH; R2` = lavandulyl group;
R1 = R3 = R5 = R1` = R4` = R5` = H

Boozari et al. (2019b)

150 Tetrapterol E S. arizonica 150: R4 = R3` = OH; R2` = lavandulyl group;
R1 = R2 = R3 = R5 = R1` = R4` = R5` = H

Boozari et al. (2019b)

151 Tetrapterol G S. tomentosa 151: R2 = R4 = R1` = R3` = OH; R3 = R4` = isoprenyl 
group;

R1 = R5 = R2` = R5` = H

Aly et al. (2019), Li et al. 
(2020a)

152 Tetrapterol H S. mollis
S. tetraptera
S. secundiflora
S. koreensis
S. tomentosa

152: R2 = R4 = R1` = OH; R5 = R4` = isoprenyl group;
R3` = OCH3; R1 = R3 = R2` = R5` = H

153 Tetrapterol I 153: R4 = R3` = OH; R1 = R3 = isoprenyl group;
R2 = R5 = R1` = R2` = R4` = R5` = H

Aly et al. (2019), Boozari 
et al. (2019b), Li et al. 
(2020a)

154 Secundiflorol A S. tomentosa
S. fraseri
S. mollis
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154: R = R2 = R4 = R1` = R2` = OH; R3` = OCH3;
R4` = 1,1-dimethyl-2- propenyl; 

R1 = R3 = R5 = R5` = H
155 Secundifloran 155: R = R4 = R1` = R2` = OH; R3` = OCH3;

R4` = 1,1-dimethyl-2- propenyl; 
R1 = R2 = R3 = R5 = R5` = H

156 Kenusanone F 156: R = R2 = R4 = R3` = OH; R1` = OCH3; R2` = iso-
prenyl

group; R1 = R3 = R5 = R4` = R5` = H
157 Tomentosanol B 157: R = R2 = R4 = R3` = OH; R1` = OCH3;

R3 = R2` = isoprenyl group; 
R1 = R3 = R5 = R4` = R5` = H

Aly et al. (2019), Boozari 
et al. (2019b), Chang et al. 
(2019a, b), Li et al. (2020a)

158 Sophoronol S. tomentosa
S. mollis
S. tetraptera

 

OOH

OH O
O

OCH3OH

R

 
158: R = H

159 Tetrapterol F 159: R = isoprenyl group
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Table 2   (continued)

No. Name Plant species Structure References

160 Secundiflorol F S. secundiflora
S. mollis

 

OOH

O

OH

OCH3

CH3C H3

H

 

 

OOH

OH O

O C H3

OH

O C H3

OH

CH3C H3  

  

Boozari et al. (2019b), Ismail 
et al. (2020), Li et al. 
(2020a)

161 3,5,7-Trihydroxy-3-[3′-
hydroxy-2′,4′-dimethoxy-
5-(3-methyl-2-butenyl)]-
phenyl-1-benzopyran-4-one

162 5′-� , �-Dimethylallyl-
7,3′-dihydroxy-2′,4′-
dimethoxyisoflavan

(Unaniisoflavan)

S. gypsophila
S. secundiflora
S. davidii

162: R1 = OCH3; R2 = � , �-dimethylallyl Aly et al. (2019), Li et al. 
(2020a, 2021b)

163 Secundiflorol G S. secundiflora 163: R1 = OH; R2 = � , �-dimethylally Boozari et al. (2019b)
164 Arizonicanol A S. arizonica 164: R1 = OH; R2 = H Boozari et al. (2019b), Chang 

et al. (2019a, b)
165 Arizonicanol B S. arizonica

  

Li et al. (2020a)

166 Derrone S. secundiflora

  

Li et al. (2020a)

167 Tetrapterol A S. tetraptera
S. mollis

  

Aly et al. (2019)

168 Cajanone S. tetraptera

  

Li et al. (2020a), Boozari 
et al. (2019b), Li et al. 
(2020a)

169 Lespedeol B S. secundiflora

  
170 Pseudobaptigenin S. japonica

S. secundiflora
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reactive oxygen species (ROS) release in HepG2. Studies 
of its mechanism suggested that this compound mediates 
its anti-proliferative effects through autophagic cell death, 
which is an apoptosis independent. Western blot experiments 
demonstrated that the prenylated flavanone 100 could also 
activate the key signaling protein of autophagy and ROS, 
while it does not affect the main protein of the apoptosis 
signaling pathway (Yang et al. 2021).

The lavandulylated flavanones, 2′-methoxykurarinone 
(24) and kurarinone (23), were isolated from the root of S. 
flavescens, together with two known lavandulyl flavanones, 
sophoraflavanone G (19) and leachianone A (20), were 
exhibited cytotoxic activity against human myeloid leuke-
mia HL-60 cells (Chang et al. 2019a, Huang and Xu 2020). 
Matrine (246) was recoded to promote human myeloid leu-
kemia cells apoptosis through Warburg effect mediated by 
hexokinase 2 (Lin et al. 2019b). It (246) also inhibited the 
growth of natural killer/T-cell lymphoma cells by modulat-
ing CaMKIIγ-c-Myc signaling pathway (Gu et al. 2020).

The structure of exiguaflavanones A (61) and B (62), 
purified from S. exigua has approximately the same carbon 
skeleton orientation as frullanolide. This compound exhib-
ited potent anti-breast cancer activity in breast cancer cell 
lines, including MDA-MB- (-231and -468) and MCF-7 
(Boozari et al. 2019b; Farhadi et al. 2019; Li et al. 2020a; 
Yang et al. 2020c).

The isoflavonoid, formononetin (125) isolated from the 
phytoextract of S. flavescens (PSf), has been well-docu-
mented for its anticancer and the status of 125 in cancer 
therapeutics varied from arresting cell cycle, fights progres-
sion of cancer via inducing apoptosis, and halting metastasis 
via targeting various pathways (Jiang et al. 2019a). It also 
(125) targeted the fibroblast growth factor 2 and protein 
kinase-B signaling pathways, leading to the suppression of 
tumor growth and angiogenesis. The in vivo antiangioge-
netic synergetic ability of low dose of oxaliplatin, the most 
used chemotherapy drug for colorectal cancer, combined 
with an injection of S. flavescens (Sf-I) against the growth 
of human umbilical vein endothelial cells was reported 
(Elberry et al. 2020).

Compounds with 2 isoprenyl groups (one in A-ring and 
the other in B-ring) tetrapterol G (151) and compound with 
α, α-dimethylallyl group at C-5′ of B-ring such as secundi-
florol D (140), secundiflorol E (141), secundiflorol A (154), 
and secundifloran (155), showed relatively high cytotoxic 
activity against tumor and normal human cell lines (Guo 
et al. 2020; Ledoux et al. 2018). The cytotoxicity effect of 
different isoflavone glucosides and maackiain (172), iso-
lated from S. alopecuroides seeds, against MCF-7, Hep3B, 
HeLa, and H1299 cells was reported (Rong et al. 2020; 
Tsai et al. 2020). The arylbenzofuran, 2-(2′,4′-dihydroxy-
phenyl)-5,6-methylene dioxybenzofuran (192), isolated from 
the roots of PSf and the roots and PSt rhizome, potently 

inhibited IL-6 production and cytotoxic activity against the 
KB epidermoid carcinoma cell line (Boozari et al. 2019b; 
Li et al. 2019c; Jin et al. 2020).

Compound Kushen Injection (CKI), as a formula mainly 
consisted of matrine 246, has been employed into clinical 
applications in the adjuvant treatment of breast, lung, colon, 
gastric, esophageal, liver, and pancreatic cancer (Cho et al. 
2018; Ao et al. 2019; Chen et al. 2019c; Hong et al. 2019; 
Liang et al. 2020; Yao et al. 2021). The reported mechanism 
of this component (246), to suppress KRAS‐driven pancre-
atic cancer growth, was by inhibiting autophagy-mediated 
energy metabolism (Cho et al. 2018). Kushen is the root 
of S. flavescens based-formula inhibited angiogenesis in a 
collagen-induced arthritis rat model (Ao et al. 2019; Elberry 
et al. 2020). Kurarinone (23), a lavandulyl flavanone, iso-
lated from the roots of PSf, was reported to have a cytotoxic 
activity (IC50 = 22.2 µM) against human MCF-7/6 breast 
cancer cells, but with a weak estrogenic activity (Boozari 
et al. 2019b). The inhibitory effects of flavonoid-rich extract 
of S. flavescens on indoleamine 2, 3-dioxygenase 1 (IDO1), 
a tryptophan catabolising enzyme, is known as a tumor cell 
survival factor that causes immune escape in several types 
of cancer (Kwon et al. 2019). Kushenol (28), a flavonoid 
isolated from PSf, was reported as IDO1-inhibitor and might 
be useful in the development of immunotherapeutic agents 
against cancer.

The matrine (246) has been proved in many studies to 
inhibit cancer cell proliferation and metastasis, arrest cell 
cycle, promote apoptosis, and reduce the toxicity of antican-
cer drugs with reversing effects on anticancer drug resist-
ance (Chen et al. 2019d; Cao and He 2020; Fu et al. 2020; 
Liu et al. 2020a, b; Zhang et al. 2020a). A nontoxic concen-
tration of Matrine (246) also facilitated intrinsic apoptosis 
pathway and suppressed the expression of ATP-binding 
cassette subfamily B member 1 drug transport (Chen et al. 
2019d). The same compound induced papillary thyroid can-
cer cell apoptosis in vitro and suppressed the in vivo tumor 
growth by downregulating miR-182-5p (Li et al. 2019b; Fu 
et al. 2020). The inhibitory effect of 246 on human naso-
pharyngeal carcinoma CNE-2 cells was reported (Wang 
et al. 2018c). Matrine (246) reversed multidrug resistance 
of breast cancer MCF-7/ADR cells through PI3K/AKT sign-
aling pathway (Zhou et al. 2018b). Another study suggested 
that the dependence of 246 suppression of self-renewal, on 
regulation of LIN28A/Let-7 pathway in breast cancer stem 
cells (Li et al. 2020c). The quinolizidine-type alkaloid (246) 
can inhibit the proliferation of breast cancer MCF7, BT-474, 
and MDA-MB-231 cells, which may be related to the inhibi-
tion of inhibitory κB kinase β (IKKβ) regulation of nuclear 
factor κB (NF-κB) signaling pathway (Cao and He 2020; 
Zhang et al. 2020a).

The anticancer property of a derivative of matrine 246 
was explored (Zhou et al. 2019). The activity of N-methyl 
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cytisine (268) in inhibiting breast cancer cell metastasis was 
previously demonstrated (Chen et al. 2020a).

Leachianols (208–211), are naturally occurring oligostil-
benes; the resveratrol trimers were isolated from S. leachi-
ana roots (Yang et al. 2019; Boozari et al. 2019a). These 
stilbenoids exhibited a wide range of biological activity 
including a positive result in a cell-based assay for anti-
mitotic activity using HeLa cells with a cytotoxic effect. 
A prepared injection from S. flavescens and Heterosmilax 
chinensis was reported to disrupt cell cycle and induce 
apoptosis in breast cancer (Nourmohammadi et al. 2019). 
This injection strongly reduced migration of HT-29 and 
MDA-MB-231 cells, moderately slowed brain cancer cells 
on migration and invasion of colon, brain, and breast cancer 
cell lines. The prepared injection decreased metastasis by 
impairing migration in hepatocellular carcinoma cells and 
repressing RNA markers associated with tumor metastasis 
in MCF-7 cells.

Oxysophoridine 242 is an alkaloid extracted from S. alo-
pecuroides Linn. Many in vitro cellular and in vivo animal 
studies showed that 242 has various pharmacological activi-
ties. It suppressed the growth of hepatocellular carcinoma 
(Yao et al. 2012) and colorectal cancer cells (Jin et al. 2017) 
by regulating apoptosis associated with the Bcl-2/Bax/cas-
pase-3 signalling pathway, and alleviation of spinal cord 
injury via anti-inflammatory, anti-oxidative stress, and anti-
apoptosis effects (Cao et al. 2018).

The protective effects of oxymatrine (249) on homocyst-
eine-induced endothelial injury were reported (Wu et al. 
2019a). The involvement of mitochondria-dependent apop-
tosis and Akt-eNOS-NO signaling pathways was suggested. 
The ability of sophoridine (240) to suppress rat liver BRL-
3A cells viability in a concentration- and time-dependent 
manner was also recorded (Qiu et al. 2018). This compound 
(240) increases cytotoxicity, ROS accumulation, and cell 
apoptosis in a concentration-dependent manner (Qiu et al. 
2018). Sophoridine (240) and oxymatrine (249) exerted a 
good anti-tumor effect in clinical applications (Cao and He 
2020; Liu et al. 2020a, b).

Oxymatrine (249) exerted cytotoxicity against cancer 
cells through regulation various oncogenic signaling path-
ways such as the Akt, nuclear factor kappa B (NF-κB) cas-
cades, and epidermal growth factor receptor (EGFR) (Halim 
et al. 2019). This QA 249 induced A549 human non-small 
lung cancer cell apoptosis via extrinsic and intrinsic path-
ways (Zhou et al. 2018d; Izdebska et al. 2019). Another 
study presented the influence of oxymatrine on non-small 
cell lung cancer cells (Halim et al. 2019; Izdebska et al. 
2019). It suggested that this compound has induced dose-
dependent cell death, mainly through ER stress-induced 
apoptosis pathway. Oxymatrine 249 also reduced the meta-
static potential by inhibiting the cancer epithelial-mesenchy-
mal transition process (Chen et al. 2019c). A recent study 

showed that through in vitro inhibiting colon cancer cell 
epithelial-mesenchymal transition and NF-κB signaling, 
the compound 249 reversed the resistance of 5-fluorourfacil 
(Liang et al. 2020).

The role of matrine (246), oxymatrine (249), and PSf 
alkaloid gel in cervical cancer has been also investigated 
(Zhou et al. 2018e). The gel has recorded to restrain cervical 
cancer cell proliferation, induce cellular apoptosis through 
stimulation of Bax and E-cadherin, induce cell cycle arrest in 
G2/M phase, inhibit metastasis, and suppression of MMP2, 
Bcl-2 and cyclin A. The regulation of the cervical cancer 
cells was suggested via the suppression of AKT/mTOR sign-
aling pathway (Zhou et al. 2018e). Through activating p53 
and Hippo signaling pathways, sophoridine (240) inhibited 
lung cancer cell growth and enhanced the cisplatin sensitiv-
ity (ur Rashid et al. 2020; Zhou et al. 2018d, 2020). The 
same compound 240 was reported to exert tumor-suppres-
sive activities via promoting ESRRG-mediated β-catenin 
degradation in gastric cancer (Peng et al. 2020b). Sophori-
dine (240) also reported to suppress macrophage-mediated 
immunosuppression through TLR4/IRF3 pathway, and sub-
sequently upregulate CD8 + T cytotoxic function against 
gastric cancer (Zhuang et al. 2020). Sipi soup, a traditional 
Chinese medicine, which is consists of the aqueous extract 
derived from 4 plants including PSj, was reported as an anti-
inflammatory component. This medicine has suggested that 
it may prevent the progression of cervical cancer by inhibit-
ing the activation of CAF, and the inflammatory process by 
reducing HIPK1-AS expression (Zhou et al. 2018a).

Cytotoxic activities of phenolic acids (324–331) from the 
seeds of S. alopecuroides and the roots of S. tonkinensis 
against hepato-cellular carcinoma, HepG2, and Hep3B cell 
lines were investigated (Song et al. 2018; Hou et al. 2020; 
Zhang et al. 2021c). Butein (331) significantly inhibited the 
cancer cell growth in a concentration-dependent manner 
(Song et al. 2018). Another study confirmed that the weak 
anticancer activity of compounds (325–328) and (3S,2R)-
methyl 2-(4-hydroxybenzyl)tartrate (332) against the same 
two cell lines (Song et al. 2019).

HPLC fingerprint of chloroform extract from S. tonkinen-
sis Gagnep revealed the presence of ononin (109), genistin 
(119), genistein (120), isosophoranone (127), trifolirhizin 
(154), isotrifolirhizin (155), and maackiain (172) (Song et al. 
2021; Chen et al. 2020c). The authors explored the mecha-
nisms of this extract on suppression tumors of nasopharyn-
geal carcinoma cells. They found that the extract inhibited 
cell viability, clonal growth, and induced cell apoptosis in a 
dose-dependent manner. This effect was exerted by silencing 
the PI3K/AKT/mTOR signaling pathway, which is associ-
ated with upregulation of cleaved PARP, cleaved caspase 
3/7/8/9, caspase 3/7/8/9, Bax, and downregulation of PI3K, 
P-PI3K, PARP, AKT,P-AKT, mTOR, and P-mTOR and 
Bcl-2 (Ao et al. 2019; Cao and He 2020; Chen et al. 2020d). 
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Compounds 246 and 249 had direct killing effects on various 
tumor cells, such as HepG2, BEL-7402, and SGC-7901, and 
could inhibit the invasion and metastasis of gastric cancer 
last cells (Huang et al. 2018c; Elberry et al. 2020; Zhang 
et al. 2020a). Matrine (246) has been reported to inhibit the 
progression of prostate cancer by promoting expression of 
GADD45B (Huang et al. 2018a). Oxymatrine (249) exhibits 
anti-tumor activity in a gastric cancer through inhibiting IL-
21R-mediated JAK2/STAT3 pathway and the proliferation 
of vascular endothelial cells (Huang et al. 2018c; Su et al. 
2018; Fan et al. 2019).

Combined chemotherapy can effectively reduce or sta-
bilize the tumors, improve quality of life, and significantly 
alleviate the cancer-induced pain (Fan et al. 2019). Radix S. 
flavescens contained serum can inhibit cell proliferation and 
induce apoptosis of human colon cell line SW480 (Liang 
et al. 2020). This induction of apoptosis was reported as one 
of the suggested anti-neoplasm mechanisms of the medi-
cine (Elberry et al. 2020). With the effective components of 
oxysophocarpine (236), matrine (246), and oxymatrine 249 
(Cao and He 2020), it has been widely applied to treating 
various kinds of malignant tumors in China, including colon 
carcinoma (Liang et al. 2020; Liu et al. 2020a, b). Matrine 
(246) effectively inhibited the proliferation and anchorage-
independent growth of human colon cancer HT29 cells 
(Fang et al. 2018).

Exposure of gastric cancer cells (AGS and HGC 27) to 
oxymatrine (249), contributed to the suppression of cell 
proliferation and invasion (Huang et al. 2018c). The anti-
tumor effect of 249 was exhibited via regulation of JAK/
STAT signaling pathway. Anti-proliferation effects of phy-
toextract of S. moorcroftiana (PSm) seeds on HepG2 were 
also reported (Su et al. 2018). Sophocaprine (235), matrine 
(246), and aloperine (284) were identified in the extract 
of PSm with low polarity. Matrine (246) has reported to 
reverse the Warburg effect and it suppresses colon cancer 
cell growth via negatively regulating HIF-1α (Hong et al. 
2019). This compound (246) has reported to trigger colon 
cancer cell apoptosis and G0/G1 cell cycle arrest, where 284 
has induced apoptosis and G2/M cell cycle arrest in HepG2 
(Liu et al. 2019a, 2020b). Matrine (246) induced apopto-
sis in human esophageal squamous cancer KYSE-150 cells 
through increasing ROS and inhibiting mitochondrial func-
tion (Jiang et al. 2018). It also inhibited the growth of oral 
squamous cell carcinoma cells in vitro and in vivo (Li et al. 
2019d). Matrine (246) has exhibited its effect via mediation 
of microRNA-22 (ur Rashid et al. 2019; Liu et al. 2020b), 
where aloperine (284) was through PI3K/Akt signaling path-
way (Liu et al. 2019a).

Matrine (246) has also involved in the progression of 
gastric cancer through inhibiting miR‐93‐5p and upregu-
lating the expression of target gene AHNAK (Liu et al. 
2020b). The effect of matrine (246) from S. flavecens on 

hepatocellular carcinoma, the one of the most prevalent and 
lethal cancer with high metastasis and recurrence rates, has 
been investigated (Dai et al. 2021). This significant anti-
metastatic effect was attributed to enhanced miR-199a-5p 
expression and subsequently impaired hypoxia-inducible 
factor-1α signaling and epithelial-mesenchymal transition. 
Thus, matrine (246) was suggested as a promising compo-
nent with anti-metastatic medication for hepatocellular car-
cinoma therapy.

The mechanism of allomatrine (248), isolated from 
the bark of S. japonica, in invasion and proliferation inhibi-
tion of human lung cancer A549 cell line was also investi-
gated. This alkaloid inhibited the proliferation and invasion 
in vitro by promoting apoptosis, inducing ROS production, 
inhibiting ubiquitin proteasome, arresting cell cycle, and 
regulating tumor related gene expression (Liu et al. 2020a, 
b).

The quinolizidine-type alkaloid aloperine (284) extracted 
from PSa, showed some therapeutic effects against multiple 
myeloma and colon cancer though increasing cell apoptosis 
(Yin et al. 2018; Li et al. 2020d).

The quinolizidine alkaloid 284 exerted the most potent 
cytotoxic activity on leukemia cell lines U937, HL-60, and 
K562, lung cancer cells, glioma cells, ovarian cancer cells, 
oesophageal cancer EC109 cells, and HepG2 cell lines (Qiu 
et al. 2020b; Zhou et al. 2020).

The combination of compound 284-Adbic (adenoviral 
vector expressing p14ARF/p53) can produce a synergistic 
effect as anti-cancer mixtures at low doses. This may offer 
less toxic and more effective treatment strategy for non-
small cell lung cancer (Muhammad et al. 2020). Research 
conducted by Song’s group has recorded that 284 signifi-
cantly inhibited the viability of bladder cancer cells, mostly 
via suppressing hypoxia induced epithelial-mesenchymal 
transition activation of mTOR/p70S6K/4E-BP1 pathway 
(Zhou et al. 2020).

The anti-tumor effect of total alkaloids of S. alopecu-
roides (TASa) in H22 tumor-bearing mice was investi-
gated.  It was found that different dose groups of TASa 
extract could apparently inhibit the solid H22 tumor in mice, 
with a clear dose–effect relationship (Huang et al. 2018c; 
Jia et al. 2020).

The potential cytotoxic, antimicrobial, antioxidant, and 
anti-enzyme of S. alopecuroides L. seeds was recently 
reported (Zahra et al. 2021). Twelve quinolizidine alka-
loids; sophalodes A–L (307–319), which were matrine-
type alkaloids isolated from S. alopecuroides seeds (Li 
et  al. 2021a). Structurally, sophalodes A-D (307–310) 
were the examples of C-11 oxidized matrine-type alkaloids 
from Sophora plants.

The sophalodes (307–319) A-L inhibited nitric oxide 
production induced by lipopolysaccharide in RAW 264.7 
macrophages, among them, compounds sophalode K 318 
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Table 3   Pterocarpans isolated from Sophora species

No. Name Plant species Structure References

171 Sophorocarpan B S. alopecuroides
S. davidii
S. fraseri

  
171: R1 = OH; R2 = OCH3

Aly et al. (2019), Yang et al. (2019)

172 Maackiain S. davidii
S. exigua
S. flavescens
S. fraseri
S. gypsophila
S. interrupta
S. leachiana
S. prostrata
S. subprostrata
S. tetraptera

172: R1 = OH; R2 = H Boozari et al. (2019b), Yang et al. (2019), Cho et al. 
(2020), Huh et al. (2020), Rammohan et al. (2020)

173 Trifolirhizin S. flavescens
S. subprostrata
S. tonkinensis

173: R1 = O-glc; R2 = H Boozari et al. (2019b), Cho et al. (2020), Song et al. 
(2021)

174 3-Hydroxy-8,9-methylene 
dioxy-pterocarpan

S.alopecuroides
S. mollis

174: R1 = OH; R2 = H Ismail et al. (2020), Wang et al. (2020a, b, c)

175 Prostratol D S. prostrata

  
175: R = � , �-dimethylallyl
176: R = geranyl group

Aly et al. (2019), Boozari et al. (2019b)

176 Prostratol E S. prostrata
S. tetraptera

177 Isoneorautenol S. prostrata
S. tetraptera

  

Aly et al. (2019), Boozari et al. (2019b)

178 Ficifolinol S. prostrata

  
178: R1 = � , �-dimethylallyl; R2 = H

Boozari et al. (2019b)

179 Erythrabyssin II 179: R2 = � , �-dimethylallyl; R1 = H
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Table 3   (continued)

No. Name Plant species Structure References

180 Secundiflorol I S. gypsophila
S. secundiflora

  
180: R = OCH3

Aly et al. (2019), Boozari et al. (2019b)

181 Medicalpin S. gypsophila 181: R = H

182 Arizonicanol E S. arizonica

  
183 Tetrapterol B S. mollis

S. tetraptera

  

Boozari et al. (2019b)

Table 4   Chalcones isolated from Sophora species

No. Name Plant species Structure References

184 Kuraridin S. flavescens

  

Boozari et al. (2019b), Cho et al. (2020)

185 Isobavachalcone S. interrupta
S. prostrata

  

Aly et al. (2019, 2020a, b, c)

186 Bavachalcone
187 Isoliquiritin S. arizonica

S. gypsophila
Boozari et al. (2019b)

188 Tonkinochromane 
L

S. tonkinensis

  

Jin et al. (2020)
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exhibited the most significant activity with IC50-values of 
29.19 μM.

Evaluation of anticancer activity of isolated compounds 
from S. mollis (Royle) Graham Ex Baker, including scopole-
tin 216 and β-sitosterol glucoside 218 have revealed weak 
effect against HeLa and 3T3 cell lines (Quradha et al. 2021). 
The major compounds derived from Sophora species that 
having cytotoxic and anti-tumor activities were illustrated 
in Table 16.

Neurological activity

Many studies have reported the neuroprotective effects of 
QA isolated from Sophora (Wang et al. 2019a, d). The useful 
use of PSf and the isolated active alkaloid (246), as natural 
alternatives for hypnotic medicine, was suggested (Wang 
et al. 2019a). They have alleviated the hyperactivity induced 
by caffeine and promoted a shift toward non-rapid eye move-
ment sleep. The mechanism was suggested to decrease wake 
time by the activation of the neurons of ventrolateral preop-
tic nucleus, and through modulating serotonergic transmis-
sion (Wang et al. 2019a). Aloperine (284) has significant 
neuroprotective effects, in an Alzheimer’s disease cellular 
model, attributing to its anti-oxidative stress (Wang et al. 
2019d). This compound 284 ameliorated oxidative stress 
patterns in presenilin 1 exon 9 deletion mutant cells by 
reducing the production of 4-hydroxy-2-nonenal and ROS 
(Zhao et al. 2018). Its treatment increased mitochondrial 

Table 5   Chromones isolated from Sophora species

No. Name Plant species Structure References

189 Exiguachromone A S. exigua

  

Aly et al. (2019), Farhadi et al. (2019)

190 Exiguachromone B

  

Boozari et al. (2019b), Farhadi et al. (2019)

191 Sophorachromone A S. tomentosa

  

Chang et al. (2019a, b)

membrane potential (MMP) in N2a/Swe.D9 cells as Alz-
heimer’s disease cellular model.

The phytoextract of S. flavescens (PSf) and its prenylated 
flavonoids; possessing low molecular weights and lipophilic 
moieties, may be potent therapeutic and preventive candi-
dates for Alzheimer’s disease (Boozari et al. 2019b; Cho 
et al. 2020).

β-Site APP cleaving enzyme 1 (BACE1) activities in Alz-
heimer’s disease were significantly inhibited by kushenol 
(28), isoxanthohumol (32), leachianone A (20), and kurari-
din (184) with IC50-values of 5.45, 7.19, 8.56, and 6.03 μM, 
respectively. These compounds were isolated from the lead 
bioactive fractions EtOAc and CH2Cl2 of the crude PSf 
(Boozari et al. 2019b; Chen et al. 2019a).

Maackiain (172) has emerged as a valuable agent for Par-
kinson’s disease treatment, with remarkable improvements 
in food-sensing behavior and lifespan (Tsai et al. 2020) 
mainly by inhibiting monoamine oxidase B. Maackiain 
(172) significantly reduced dopaminergic neuron damage 
in 6-hydroxydopamine-exposed worms of the BZ555 strain. 
The neurological activity was illustrated in Table 17.

Antimicrobial activity

Sophora exigua has reported with antimicrobial activities 
against Candida albicans, Staphylococcus epidermidis, 
and Pseudomonas aeruginosa (Kaewdana et  al. 2021). 
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Table 6   Benzofuran derivatives isolated from Sophora species

No. Name Plant species Structure References

192 2-(2′,4′-Dihydroxy-phenyl)-
5,6-methylene dioxy benzofuran

S. davidii
S. fraseri
S. tetraptera

  

Aly et al. (2019), 
Boozari et al. 
(2019b), Li et al. 
(2021b)

193 Shandougenine A S. davidii
S. tonkinensis
S. davidii
S. tonkinensis

  

Boozari et al. 
(2019b), Li et al. 
(2019c, 2021b)

194 Shandougenine B

  
195 Shandougenine C S. davidii

  

Li et al. (2021b)

196 (+)-Lirioresinol-A S. davidii

  

Li et al. (2021b)

Sophoraflavanone G (19), isolated from S. exigua also 
exerted an antibacterial effect by reducing the fluidity of cel-
lular membranes (Boozari et al. 2019b; Farhadi et al. 2019).

Flavanones (19) and (23) exhibited potent antibacte-
rial activities (10 µg/disk) against Gram-positive bacteria 
(Farhadi et al. 2019). The phytoextract of S. alopecuroides 
roots and its content of pterocarpan derivative, maackiain 
(172) helped individuals with androgenetic alopecia as 
the derivative promoted the proliferation of human hair 
keratinocytes (Chang et al. 2018; Wang et al. 2018f; Huh 
et al. 2020).

Sophoraflavanone B (48) also caused cell wall weak-
ening and consequently membrane damage had occurred, 
and intracellular constituents leaked from the cell as the 

proposed mechanism of its antimicrobial activity against 
methicillin-resistant-Staph. aureus (anti-MRSA) (Farhadi 
et al. 2019; Hadadi et al. 2020). An antibacterial syner-
gism of compound (48) with antibiotics, including ampicil-
lin, gentamicin, and oxacillin anti-MRSA, was previously 
determined (Farhadi et al. 2019). While the other prenylated 
flavonoid, sophoraflavanone G (19; from S. flavescens and 
S. exigua) potentiated the effect of ampicillin or oxacillin 
against the MRSA infection (Farhadi et al. 2019). In addi-
tion, the compound (19) showed significant antibiofilm 
formation against  Bacillus  subtilis, Staph.  aureus, and 
Staph. epidermidis with MIC-values ranging from 3.1 to 
12.5 μg  mL−1 (Farhadi et al. 2019). The lavandulyl fla-
vanones isolated from the roots of S. exigua (PSe) (Li et al. 
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Table 7   Stilbene oligomers isolated from Sophora species

No. Name Plant species Structure References

197 Pallidol S. alopecuroides

  

Wang et al. (2020b)

198 Viniferin S. alopecuroides
S. davidii
S. leachiana
S. moorcroftiana

  

Su et al. (2018), Yang et al. (2019), Wang et al. 
(2020b)

199 Davidol E S. davidii
S. moorcroftiana

  

Yang et al. (2019), Wang et al. (2018a, b, c, 
d, e, f)

200 Davidol A S. davidii

  

Yang et al. (2019)

201 Davidol B S. davidii

  

Yang et al. (2019)

202 Davidol C
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Table 7   (continued)

No. Name Plant species Structure References

203 Davidol D S. davidii

  

Yang et al. (2019)

204 Davidiol E S. davidii

  

Li et al. (2021b)

205 Davidiol F S. davidii

  

Li et al. (2021b)

206 Hopeaphenol S. leachiana

  

Aly et al. (2019)

207 Leachianol A S. alopecuroides
S. leachiana

  

Boozari et al. (2019b), Wang et al. (2020a, b)
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Table 7   (continued)

No. Name Plant species Structure References

208 Leachianol D S. leachiana

  

Boozari et al. (2019b)

209 Leachianol E S. leachiana

  

Boozari et al. (2019b)

210 Leachianol F S. alopecuroides
S. leachiana

  

Boozari et al. (2019b), Wang et al. (2020a, b)

211 Leachianol G S. alopecuroides
S. leachiana
S. davidii

  

Yang et al. (2019), Wang et al. (2020a, b)
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Table 7   (continued)

No. Name Plant species Structure References

212 Alopecurone H S. alopecuroides

  

Wang et al. (2020a, b)

213 Alopecurone K S. alopecuroides

 

OO
OH

OH

OHOH

O

CH3

CH3

CH2CH3

OH

OH  

Wang et al. (2020a, b)

Table 8   Coumarins isolated from Sophora species

No. Name Plant species Structure References

214 7-Methoxy-6,8-bis-(2,3-dihydroxy-
3-methylbutyl)-coumarin

S. alopecuroides
S. interrupta

  

Aly et al. (2019), 
Wang et al. (2019a)

215 Isopimpinellin S. interrupta

  

Boozari et al. (2019b)

216 Scopoletin S. mollis

  

Quradha et al. (2021)
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Table 9   Sterol and steroid glucosides isolated from Sophora species

No. Name Plant species Structure References

217 β-Sitosterol S. alopecuroides
S. mollis
S. secundiflora
S. tomentosa

  

Aly et al. (2020a), 
Wang et al. (2020b)

218 Sitosterol 3-O-glucoside S. mollis 
S. pachycarpa

  

Boozari et al. (2019a), 
Quradha et al. (2021)

219 Stigmasterol S. secundiflora 
S. tomentosa

  

Aly et al. (2020a)

220 Stigmasterol 3-O-glucoside S. alopecuroides
S. pachycarpa

  

Wang et al. (2020b)

221 Campesterol S. secundiflora
S. tomentosa

  

Aly et al. (2020a)
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2020a; Yang et al. 2020c) were proposed to be potent phy-
totherapeutic agents against MRSA infection (Farhadi et al. 
2019). A complete growth inhibition of 21 MRSA-strains 
(3.13–6.25 μg mL−1) was exerted by exiguaflavanones-A 
(61) and B (62), the isolated flavanones from PSe with a 
lavandulyl residue (Farhadi et al. 2019). Partial synergistic 
effects with anti-MRSA antibiotics, such as minocycline, 
rifampicin, and vancomycin, were also reported. Lavandulyl 
flavanones were also reported as anti-malarial, anti-inflam-
matory, and cytotoxic agents (Boozari et al. 2019b; Li et al. 
2020a; Kaewdana et al. 2021).

The potentials of total alkaloids of S. alopecuroides 
(TASa) and matrine (246) in prevention of biofilm formation 
in Staph. epidermidis infections were indicated (Jia et al. 
2019). A previous study evidenced that the isoflavonoid 
genistein (120), isolated from S. moorcroftiana, could be 
a potential inhibitor of NorA, a multi-drug transporter of 
Staph. aureus (Farhadi et al. 2019). The mode of action of 
the aglycone on different bacterial cells was studied and the 
changes exerted in the cell morphology of bacteria were sug-
gested as the underlying mechanism. Additionally, mixing 
this compound with the bacterial culture immediately and 
significantly inhibited the global synthesis of RNA and DNA 
(Farhadi et al. 2019).

The chalcone isobavachalcone (185) has reported with the 
lowest MIC-value (0.3 μg mL−1) of Gram-positive bacteria, 
which was fourfold lower than the MIC-value (4.9 μg mL−1) 
of the conventional drug gentamicin (Aly et  al. 2019; 
Farhadi et al. 2019; Rammohan et al. 2020).

Matrine (246) and oxymatrine (249) have anti-Helico-
bacter pylori (Hp) infection effects, the closely related to the 
digestive diseases (Li et al. 2020d; Wang et al. 2020b, c). 
The compounds used for oral ulcers and have the potential 
of antibacterial inflammation, and alleviating swelling, pain, 
and sore myogenic (Li et al. 2020d; Wang et al. 2020b). 
Additionally, ASa combined with omeprazole or bismuth 
pectin has promising antimicrobial activity against Hp, and 
conventional triple therapy through inhibition of Hp-induced 
IL-8, COX-2, and NF-кB expression. Summary of findings 
on the antimicrobial activity of Sophora compounds was 
also illustrated in Table 18.

Anti‑osteoporosis activity

In a sub-cytotoxic concentration range, a derivative of gen-
istein (120) showed a significant proliferative activity in 
estrogen-dependent cell line of MCF-7. In a previous report, 
prominent anti-osteoporosis effect of the CH2Cl2 fraction 
from PSj fruits was attributed to the high content of isofla-
vone (120). This aglycone has a peculiar anti-osteoporotic 
dual mode of action. It was recorded to be the most effective 
isoflavone in preserving bone health and rebalancing bone 
turnover towards bone formation through its positive abil-
ity to regulate bone cell metabolism (Yang et al. 2020c). 
This isoflavone inhibited osteoclast and stimulated osteo-
blast function, mainly through the osteoprotegerin-sRANKL 
system.

Compounds genistein 120 and sophoricoside 134 from S. 
japonica was also reported to prevent the osteoporosis (Yang 
et al. 2020c). Chemically, isoflavonoids are compounds with 
ring C in position 3 instead of position 2. The isoflavone 
aglycone genistein (120) and flavonol aglycone kaempferol 
(2) were found to be the main phytoestrogens in the narin-
ginase-treated phytoextract of S. japonica (PSj) seeds (Yang 
et al. 2020c). S. japonica seeds extract PSj prevented bone 
loss, partly by inhibiting the osteoclastic activity. The alco-
holic PSj showed a significant estrogenic activity only after 
naringinase treating. Kaempferol (2), was nearly equipotent 
to genistein (120) as an estrogen agonist (Yang et al. 2020c), 
which was reported to prevent the osteoporosis (Yang et al. 
2020c). Fructus Sophorae (FS) or Huaijiao, the dry mature 
fruit of S. japonica, were proved to prevent bone loss in 
ovariectomized rat’s model (Shim et al. 2005). The effect 
of flavonoids, including rutin (3), genistein (120), praten-
sein (129), biochanin (130), prunetin (131) sophoricoside 
(134), and rutin (3), on rat osteoblasts was also reported 
(Yang et al. 2020c). They were act as estrogen-like reagents 
and significantly increased the cellular activity of MC3T3-
E1 cells. Another study disclosed the effects of alkaloids 
on osteoblasts infected with Staph. aureus and osteoclasts 
(Wang et al. 2018e).

Matrine (246) inhibited TGF-β induced Smad2/3 phos-
phorylation and transcription of runt-related transcription 

Table 9   (continued)

No. Name Plant species Structure References

222 Lup-20(29)-ene-3, 28- diol (Betulin) S. mollis
S. tomentosa
S. secundiflora

  

Aly et al. (2020a), 
Quradha et al. (2021)
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Table 10   Triterpenes isolated from Sophora species

No. Name Plant species Structure References

223

224

Soyasaponin I methyl ester

Soyasaponin II methyl ester

S. flavescens
S. japonica
S. subprostrata

  
223: R = S1
224: R = S2 

Yang et al. (2020b)

225

226

Kaikasaponin III methyl ester

Kaikasaponin I methyl ester

S. subprostrata

  
225: R = S1
226: R = S3 

Yang et al. (2020b)

227

228

Soyasaponin A3 methyl ester

Kuzusapogenol A methyl ester

S. subprostrata

  
227: R = CH3
228: R = CH2OH

Yang et al. (2020b)

229 Lupeol S. flavescens
S. japonica
S. subprostrata

  

Wang et al. (2020b)

230 α-Amyrin S. tomenosa
S. secundiflora

  

Aly et al. (2020a)

231 β-Amyrin acetate S. tomenosa
S. secundiflora

  

Aly et al. (2020a)
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Table 11   Alkaloids isolated from Sophora species

No. Name Plant species Structure References

232 Sophovicine A S. davidii

 

Zhang et al. (2021c)

233 Sophovicine B S. davidii

 

Zhang et al. (2021c)

234 Sophovicine C S. davidii

 

Zhang et al. (2021c)

235 Sophocarpine S. alopecuroides
S. flavescens
S. japonica
S. moorcroftiana
S. tonkinensis
S. viciifolia

 

Ao et al. (2019), He et al. (2019), Cao and He (2020), Li 
et al. (2020d)

236 Oxysophocarpine S. flavescens

 

Wang et al. (2019a)

237 9 α-Hydroxysophocarpine S. flavescens

 

Wang et al. (2019a)

238 12α-Hydroxysophocarpine S. flavescens
S. viciifolia

 

Ao et al. (2019), Wang et al. (2019a)

239 12 β -Hydroxy-sophocarpine S. alopecuroides

 

Li et al. (2020d)



934	 H. I. Abd‑Alla et al.

1 3

Table 11   (continued)

No. Name Plant species Structure References

240 Sophoridine S. alopecuroides
S. flavescens
S. japonica

 

Zhang et al. (2018b), Wang et al. (2019a), Li et al. (2019c), 
Cao and He (2020), Li et al. (2020d)

241 Isosophoridine S. flavescens
S. japonica

 

Zhang et al. (2018b)

242 10-Oxysophoridine S. flavescens
S. japonica

 

Zhang et al. (2018b)

243 Sophoramine S. alopecuroides
S. flavescens
S. japonica
S. viciifolia

 

Zhang et al. (2018b,c), Ao et al. (2019), Cao and He (2020), 
Elberry et al. (2020), Guo et al. (2020), Li et al. (2020d), 
Wang et al. (2020b)

244 7 α –Hydroxysophora-
mine

S. alopecuroides
S. japonica

 

Li et al. (2020d)

245 9 α-Hydroxysophoramine S. flavescens

 

Wang et al. (2019a)

246 Matrine S. alopecuroides
S. chrysophylla
S. flavescens
S. japonica
S. moorcroftiana
S. subprostrata
S. tomentosa
S. tonkinensis
S. viciifolia

 

Ao et al. (2019), Fan et al. (2019), Li et al. (2019c), Wang 
et al. (2019a), Aly et al. (2020b), Cao and He (2020), 
Elberry et al. (2020), Guo et al. (2020), Li et al. (2020d), 
Zhang et al. (2020a, b, c)

247 Isomatrine S. flavescens

 

Wang et al. (2019a)



935Genus Sophora: a comprehensive review on secondary chemical metabolites and their biological…

1 3

Table 11   (continued)

No. Name Plant species Structure References

248 Allomatrine S. flavescens
S. japonica

 

Zhang et al. (2018b), Wang et al. (2019a)

249 Matrine N-oxide (Oxy-
matrine)

S. alopecuroides
S. chrysophylla
S. flavescens
S. japonica
S. macrocarpa
S. moorcroftiana
S. subprostrata
S. tomentosa
S. viciifolia  

Zhang et al. (2018b, 2020a, b, c), Ao et al. (2019), Wang 
et al. (2019a), Cao and He (2020), Elberry et al. (2020), 
Gao et al. (2020), Guo et al. (2020), Li et al. (2020d), Liu 
et al. (2020a,b)

250 9α-Hydroxymatrine S. alopecuroides
S. flavescens
S. macrocarpa
S. viciifolia

 

Ao et al. (2019), Cao and He (2020), Gao et al. (2020), Li 
et al. (2020d)

251 5α-Hydroxymatrine [(+)-
Sophoranol]

S. flavescens
S. tonkinensis

 

Zhang et al. (2018b), He et al. (2019)

252 14β-Hydroxymatrine S. flavescens

 

Zhang et al. (2018b)

253 7,11-Dehydromatrine (Leon-
talbinine)

S. flavescens
S. japonica

 

Zhang et al. (2018b, 2020a, b, c), Wang et al. (2019a), Cao 
and He (2020), Elberry et al. (2020), Guo et al. (2020)

254 9 α-Hydroxy- 7,11-dehydro-
matrine

S. flavescens

 

Wang et al. (2019a)

255 7,11-Dehydro-oxymatrine S. flavescens

 

Zhang et al. (2018b)
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Table 11   (continued)

No. Name Plant species Structure References

256 10-Oxy-5,6 dehydromatrine S. flavescens

 

Zhang et al. (2018b)

257 Lehmanine S. flavescens

 

Wang et al. (2019a)

258 Flavascensine S. flavescens

 

Wang et al. 2019a

259 Kurarimine S. flavescens

 

Wang et al. (2019a)

260 Isokurarimine S. flavescens

 

Wang et al. (2019a)

261 Epilamprolobin-N-oxide S. tomentosa

 

Chang et al. (2019a, b), Wang et al. (2019a), Aly et al. 
(2020b)

262

263

Sophorasine A

Sophorasine B

S. griffithii

 
262: R1 = OH; R2 = H
263: R1 = H; R2 = OH

Zhang et al. (2020a, b, c)
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Table 11   (continued)

No. Name Plant species Structure References

264 Tsukushinamine A S. franchetiana

 

Boozari et al. (2019b)

265 Tsukushinamine B S. franchetiana

 

Wang et al. (2019a)

266 Tsukushinamine C S. franchetiana

 

Zhang et al. (2020a, b, c)

267 Cytisine S. alopecuroides
S. chrysophylla
S. franchetiana
S. korensis
S. macrocarpa
S. secundiflora
S. tomentosa

 
267: R = H

Wang et al. (2019a), Chen et al. (2020d), Gao et al. (2020), 
Huang and Xu (2020a), Li et al. (2020d), Wang et al. 
(2020b), Zhang et al. (2020a, b, c)

268 N-methyl cytosine S. alopecuroides
S. chrysophylla
S. flavescens
S. korensis
S. macrocarpa
S. secundiflora
S. tomentosa

268: R = CH3 Ao et al. (2019), Aly et al. (2020b), Cao and He (2020), 
Chen et al. (2020a), Huang and Xu (2020a), Gao et al. 
(2020), Li et al. (2020d), Wang et al. (2019a, 2020b)

269 N-formyl cytosine S. alopecuroides
S. chrysophylla
S. franchetiana
S. korensis
S. secundiflora
S. tomentosa

269: R = CHO Wang et al. (2019a, 2020b), Aly et al. (2020b), Chen et al. 
(2020a), Gao et al. (2020), Huang and Xu (2020a), Li 
et al. (2020d)

270 Rhombifolin S. chrysophylla
S. flavescens
S. franchetiana
S. korensis
S. secundiflora

270: R = CH2-CH2 = CH2 Wang et al. 2019a; Aly et al. 2020b; Cao and He 2020; Gao 
et al. 2020;

Zhang et al. 2020a, b, c

271 11-Oxocytisine S. secundiflora

 

Wang et al. (2019a), Aly et al. (2020b), Chen et al. (2020a), 
Gao et al. (2020), Huang and Xu (2020a)

272 11-Allyl-cytisine S. secundiflora

 

Wang et al. (2019a), Aly et al. (2020b), Chen et al. (2020a), 
Gao et al. (2020), Huang and Xu (2020a)
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Table 11   (continued)

No. Name Plant species Structure References

273 Anagyrine S. chrysophylla
S. flavescens
S. franchetiana
S. korensis
S. secundiflora
S. tomentosa
S.tonkinensis  

273: R = H
273′: R = OH

He et al. (2019), Wang et al. (2019a), Aly et al. (2020b), Cao 
and He (2020), Gao et al. (2020), Zhang et al. (2020a)

274 Lupanine S. flavescens
S. japonica
S. korensis
S. secundiflora
S. subprostrata

 
274: R = O

Aly et al. (2019, 2020a), Wang et al. (2019a), Cao and He 
(2020), Elberry et al. (2020), Gao et al. (2020), Guo et al. 
(2020), Zhang et al. (2020a)

275 Sparteine S. secundiflora 275: R = H2 Aly et al. (2019, 2020a), Wang et al. (2019a)
276 5,6-Dehydrolupanine S. chrysophylla

S. korensis
S. secundiflora

 

Aly et al. (2019, 2020a), Wang et al. (2019a), Cao and He 
(2020)

277 Mamanine S. chrysophylla
S. flavescens

 

Wang et al. (2019a), Cao and He (2020), Gao et al. (2020)

278 Epilamprolobin S. tomentosa

 

Wang et al. (2019a)

279 Sophaline A S. alopecuroides

 

Zhang et al. (2018c)

280 Sophaline B S. alopecuroides

 

Zhang et al. (2018c)
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Table 11   (continued)

No. Name Plant species Structure References

281 Sophaline.C.(5R) Sophaline 
D (5S)

S. alopecuroides

 

Zhang et al. (2018b)

282 Sophaline E S. alopecuroides

 

Zhang et al. (2018c)

283a
283b

Sophaline G (5-αH)
Sophaline H (5-βH)

S. alopecuroides

 

Zhang et al. (2018c)

284 Aloperine S. alopecuroides

 

Yin et al. (2018), Ye et al. (2020)

285 Alopecurine A S. flavescens

 

Zhang et al. (2018b)

286 Alopecurine B S. flavescens

 

Zhang et al. (2018b)

287 Flavesine G S. flavescens

 

Zhang et al. (2018b)

288 Flavesine H S. flavescens

 

Zhang et al. (2018b)

289 Flavesine I S. flavescens

 

Zhang et al. (2018b)
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Table 11   (continued)

No. Name Plant species Structure References

290 Flavesine J S. flavescens

 

Zhang et al. (2018b)

291 8α-Hydroxysophocarpine S. viciifolia

 

Gao et al. (2020)

292 13β-Hydroxyoxymatrine S. viciifolia

 

Gao et al. (2020)

293 9α-Acetoxymatrine S. viciifolia

 

Gao et al. (2020)

294 14β-Hydroxylupanine S. viciifolia

 

Gao et al. (2020)

295 Alopecine A S. alopecuroides

 

Wang et al. (2020b, c)

296 Alopecine B S. alopecuroides

 

Wang et al. (2020b, c)

297 Alopecine C S. alopecuroides

 

Wang et al. (2020b, c)
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Table 11   (continued)

No. Name Plant species Structure References

298 Alopecine D S. alopecuroides

 

Wang et al. (2020b, c)

299 Alopecine E S. alopecuroides

 

Wang et al. (2020b, c)

300 5α,14β-Dihydroxymatrine S. tonkinensis

 

He et al. (2019)

301 14β-Hydroxymatrine S. tonkinensis

 

He et al. (2019)

302 7β-Sophoramine S. tonkinensis

 

He et al. (2019)

303 (+)-5α-Hydroxyoxysopho
carpine

S. tonkinensis

 

Pan et al. (2015)
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Table 11   (continued)

No. Name Plant species Structure References

304 (-)-12β-Hydroxyoxysopho
carpine

S.tonkinensis

 

Pan et al. (2015)

305 (+)-5α-Hydroxylemannine S. tonkinensis

 

Pan et al. (2015)

306 13-Methoxyanagyrine S. secundiflora

 

Aly et al. (2021)

307 Sophalode A S. alopecuroides

 

Li et al. (2021a, b)

308 Sophalode B 

 
309 Sophalode C

 
310 Sophalode D
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Table 11   (continued)

No. Name Plant species Structure References

311 Sophalode E S. alopecuroides

 

Li et al. (2021a)

312 Sophalode F

 
313 Sophalode G

 
314 Sophalode H S. alopecuroides

 

Li et al. (2021a)

315 Sophalode I

 
316 Neosophoramine
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factor-2, alkaline phosphatase, and osteocalcin after osteoin-
duction (Mao et al. 2020). Matrine 246 inhibited heterotopic 
ossification by suppressing the migration and osteogenic dif-
ferentiation of TGF-β (Mao et al. 2020).

Sophocarpine (235) also exerted a protective effect 
against ox-LDL-induced endothelial damage (Fang et al. 
2020), via regulating NF-κB signaling pathway (Wu et al. 
2019b). The same compound (235) suppressed NF-κB 
signalling pathway and attenuated wear particle-induced 
implant loosening by inhibiting osteoclastogenesis and bone 
resorption (Zhou et al. 2018c).

Hepatoprotective activity

Sophora fruit tea  is a traditional Chinese herb tea rich 
in sophoricoside (134). This compound is an isoflavone 
glycoside (genistein-4′-O-β-d-glucopyranoside) isolated 
from dried S. japonica fruit (Li and Lu 2018). The hepato-
protective effect of 134 was exerted against fructose‐induced 
liver injury via regulating oxidation, lipid metabolism, and 
inflammation in mice. Other alkaloids, such as sophoridine 
(240) and oxymatrine (249), were the key components of 
S. flavescens (Sf -I). The Sf-I can improve immunity, pro-
tect the liver against oxidation, and provide a chemothera-
peutic sensitivity (Cao and He 2020; Liu et al. 2020a, b). 

The possible mechanism of hepatotoxicity induced by phy-
toextract of S. flavescens (PSf) has been explored (Jiang 
et al. 2020c). It has been suggested that PSf exhibited a 
metabolism disturbance of the bile acids, fatty acids, glyc-
erophospholipids, and amino acids of orally exposed rats. 
The hepatoprotective activity of the benzoic acid derivatives 
sophophenoside A (322) and sophophenoside B (323) on the 
cytotoxic effect of D-galactosamine in HL-7702 cells was 
assayed (Jiang et al. 2020b). Sophophenoside A (322) exhib-
ited a moderate hepatoprotective activity at a concentration 
of 10 μM. A combinational treatment of S. moorcroftiana 
alkaloids with albendazole displayed better therapeutic 
effects than albendazole alone against liver echinococcosis, 
and alleviated liver injury (Zhang et al. 2018a). A recent 
study also suggested that aloperine (284) could prevent the 
early development of hepatocellular carcinoma like lesions 
in rat liver (Shi et al. 2019).

Muscle and vasorelaxation activity

Kushenol (28) and sophoraflavanoneB (48) strongly induced 
the relaxation of porcine coronary arteries with respective 
ED50-values of 8.6 and 12.4 µM, separately (Aly et  al. 
2019). Relaxation of bladder smooth muscle by flavonoids 
of S. flavescens was also recorded (Han et al. 2018), via 

Table 11   (continued)

No. Name Plant species Structure References

317 Sophalode J S. alopecuroides

 

Li et al. (2021a)

318 Sophalode K

 
319 Sophalode L
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Table 12   Phenolic acids and other phenolic compounds isolated from Sophora species

No. Name Plant species Structure References

320 2-Propenoic acid, 
3-(3,4-dihydroxyphenyl)-octacosyl ester

S. mollis

  

Quradha et al. (2021)

321 Pinitol S. mollis

  

Quradha et al. (2021)

322 Sophophenoside A S. alopecuroides
S. mollis

  

Jiang et al. (2020b)

323 Sophophenoside B S. pachycarpa

  

Jiang et al. (2020b)

324 Ethyl 2-(4-hydroxybenzyl) malic acid S. alopecuroides

  

Song et al. (2018)

325 Methyl eucomate S. alopecuroides

  

Song et al. (2018)

326 Eucomic acid S. alopecuroides

  

Song et al. (2018)

327 Piscidic acid S. alopecuroides

  

Song et al. (2018)

328 Ethyl 2-(4-hydroxybenzyl) tartrate S. alopecuroides

  

Song et al. (2018)

329 Butein-4′-O-β-D-glucopyranoside S. alopecuroides

  

Song et al. (2018)
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Table 12   (continued)

No. Name Plant species Structure References

330 Iso-liquiritigenin S. alopecuroides

  

Song et al. (2018)

331 Butein S. alopecuroides

  

Song et al. (2018)

332 (3S,2R)-Methyl 2-(4-hydroxybenzyl)
tartrate

S. alopecuroides

  

Song et al. (2018)

333 Gallic acid S. alopecuroides

  

Hou et al. (2020)

334 Protocatechuic acid S. alopecuroides

  

Hou et al. (2020)

335 Vanillic acid S. alopecuroides

  

Hou et al. (2020)

336 p-Hydroxybenzonic acid S. alopecuroides

  

Hou et al. (2020)

337 Sophodibenzoside A S. flavescens

  

Shen et al. (2013)

338 Sophodibenzoside B S. flavescens

  

Shen et al. (2013)
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Table 12   (continued)

No. Name Plant species Structure References

339 Sophodibenzoside C S. flavescens

  

Shen et al. (2013)

340 Sophodibenzoside D S. flavescens

  

Shen et al. (2013)

341 Sophodibenzoside E S. flavescens

  

Shen et al. (2013)

342 Sophodibenzoside F S. flavescens

  

Shen et al. (2013)

343 Sophodibenzoside J S.flavescens

  

Shen et al. (2013)

344 Sophodibenzoside K S. flavescens

  

Shen et al. (2013)
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direct activation of the large‐conductance calcium‐activated 
potassium channel. Matrine (246) also improved skeletal 
muscle atrophy by mostly inhibiting E3 ubiquitin ligases 
and activating the Akt/mTOR/FoxO3α signaling path-
way (Chen et al. 2019b). Authors also demonstrated that 
comound (246) could increase muscle fiber size and muscle 
mass in an in vivo CT26 colon adenocarcinoma cachexia 
mouse model (Chen et al. 2019b). Furthermore, Yang et al. 
2018 suggested that aloperine (284) induced vasodilatory 
effects, in rat aorta, mainly due to the operations of voltage-
operated potassium channels and ATP-sensitive potassium 
channels. The vascular relaxant effect of ethanolic extract of 
S. flavescens roots was found, via endothelium-dependent 
NO-soluble guanylyl cyclase–cGMP signaling pathway (Aly 
et al. 2019; Boozari et al. 2019a, b).

Antiviral activity

In addition to the ability of various plants secondary metabo-
lites to interfere directly with viral replication, these metabo-
lites may also modulate the host immune response against 
infection with limited side-effects (Abd-Alla et al. 2009; 
Yang et al. 2019; Ma et al. 2020a). S. subprostrata Chun 
and T. chen radix (EC90 = 82.2 ± 8.2 and 27.5 ± 1.1 μg mL−1, 
respectively with SI = 11.1) was one of the most active 22 
plants against mouse hepatitis virus (MHV)-A59-infected 
mouse dihydrolipoamide-branched chain transacylase E2 
cells. The plant extract significantly reduced the viral repli-
cation after 6 h of exposure following infection. In another 
screening study on 19 plants, S. flavescens Aiton radix 
was confirmed to be an effective on the viral replication in 
MHV-A59-infected cells (Kim and Yun-Choi 2008; Orhan 
and Deniz 2020). Interestingly, S. subprostrata has the 
capacity to inhibit coronaviruses replication in vitro which 
holds a promise for a prospect drug against the emerging 
COVID-19 (Fuzimoto and Isidoro 2020; Ghoran et al. 2021).

The lavandulylated flavanone, kurarinol (29), chalcone, 
and kuraridin (184), isolated from S. flavescens roots have 
been reported to have antiviral activities (Boozari et al. 
2019b; Yang et al. 2019). Compound (29) also inhibited rota-
virus-induced cytopathic effects, probably due to its ability 
to modulate the rotavirus replication and toll-like receptor 

3-mediated inflammatory pathways. This chalcone inhibited 
the adsorption and replication of reoviruses (human type 1–3 
reoviruses and Korean porcine reovirus), by inhibiting viral 
RNA, protein synthesis, hemagglutination, and shedding 
(Boozari et al. 2019b; Chen et al. 2020d). Many flavonoids, 
including 6 isoflavones and three pterocarpans, isolated from 
S. davidii flowers have reported to exhibit protective effects 
against Tobacco Mosaic virus replication with a higher inhi-
bition rate than ningnanmycin as a positive control (Wang 
et al. 2018d; Yang et al. 2019).

Exiguaflavanone A (61) has been reported as one of the 
anti-Zika virus phytochemicals, by strongly interacting with 
the ATP site of helicase (Farhadi et al. 2019). The anti-influ-
enza activity of the decoction of San Wu Huangqin D-SWH, 
a traditional Chinese medicine formula, was suggested to 
be related with its regulation ability on the immune sys-
tem or/and inhibitory effects on major virus proteins (Ma 
et al. 2018, 2020a, b; Li et al. 2020d). Interestingly, Chinese 
patients (~ 80%) with the chronic hepatitis B and ~ 4 billion 
of the world population rely on traditional herbal medicines 
(Liu et al. 2018b; Mohamed et al. 2019). The main herbal 
component of this formula is S. flavescens, the well-known 
phytoextract, having a wide spectrum of biological prop-
erties. S. flavescens exerted broad antiviral effects versus 
influenza, hepatitis B virus (HBV) (both wild-type and ente-
cavir-resistant), enterovirus71, coxsackie B3, and respiratory 
syncytia, due to its key bioactive substances, including fla-
vonoids, triterpenoids, and quinolizidine-type alkaloid (QA) 
(Liu et al. 2018b; Ma et al. 2018, 2020a, b; Ren et al. 2019; 
Wang et al. 2019a).

QA were extracted from many Sophora species (Table 11) 
and have been exerted various excellent activities such as 
sophocarpine (235), sophoridine (240), matrine (246), oxy-
matrine (249), and aloperine (284) (Huang et al. 2018c; Ao 
et al. 2019; Zhang et al. 2020a).

Matrine-family alkaloids, as tetracycloquinolizindine ana-
logues, have aroused great interests over the past decades 
(Chen et al. 2018d; Wang et al. 2018b; Fu et al. 2020; Cai 
et al. 2020), which possessed various pharmacological activ-
ities (Wang et al. 2019a; Cai et al. 2020). These alkaloids 
showed a potent antiviral activity against HBV-infection 
(Zhang et al. 2018b, c; Parvez et al. 2019). Matrine (246) 

Table 12   (continued)

No. Name Plant species Structure References

345 Sophodibenzoside L S. flavescens

  

Shen et al. (2013)
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Table 13   Other constituents identified by gas chromatography/mass spectrometry (GC/MS) from Sophora species

No. Name Plant species Structure References

346 Palmitic acid methyl ester S. tomentosa
S. secundiflora

  

Aly et al. (2020a)

347 Phytol

  
348 Linoleic acid methyl ester

  
349 Linolenic acid methyl ester

  
350 Oleic acid methyl ester

  
351 Stearic acid methyl ester

  
352 Myristic acid methyl ester

  
353 Eicosanoic acid methyl ester

  
354 cis-10-Pentadecenoic acid methyl

ester

  
355 Dodecanoic acid methyl ester

  
356 Dodecanedioic acid methyl ester

  
357 Heptadecanoic acid methyl ester

  
358 n-Pentacosane

  
359 n-Heptacosane
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and oxymatrine (249), as common alkaloids, have been 
used for the clinical treatment of hepatitis in China (Zhang 
et al. 2020a). Many matrine-type alkaloids isolated from 
the PSf roots were investigated for their antiviral activities 
against HBV (Zhang et al. 2018b, 2020a). The combined 
matrine (246) and oxymatrine (249) capsules were used for 
the treatment of chronic HBV infection (Parvez et al. 2019). 
Many matrine-type alkaloids, isolated from the rhizomes 
of S. tonkinensis, have also exhibited antiviral activity (Pan 
et al. 2015).

9α-Hydroxysophocarpine (237),  12β-hydroxy- 
oxysophocarpine (239), 5α-hydroxymatrine, and sopho-
ranol (251) have been exhibited antiviral activity against the 
coxsackie virus B3, with IC50-values of 26.62–252.18 μM 
(Pan et  al. 2015; Ti et  al. 2021). The alkaloids 
12α-hydroxysophocarpine (238), 239, and sophoramine 
(243) inhibited influenza virus A/Hanfang/359/95 repli-
cation with IC50-values of 63.07–242.46 µM. Oxymatrine 
(249), sophoridine (240), alopecurine B (286), flavesine G 
(287), and flavesine J (290) also effectively inhibited HBsAg 

secretion at noncytotoxic concentrations than lamivudine, as 
a positive control (Ti et al. 2021).

Matrine (246) in vitro inhibited the replication of porcine 
reproductive and respiratory syndrome virus co-infection in 
PAM cells. The underlying antiviral mechanism of 246 may 
be mediated through its ability to partly regulate TLR3,4/
NF-κB/TNF-α pathway (Sun et al. 2018; Ti et al. 2021).

The polysaccharide isolated from S. subprosrata regu-
lated the inflammatory response of mouse mononuclear 
macrophage cell line RAW264.7 cells infected with porcine 
circovirus type 2 (Li et al. 2019a; Yang et al. 2020b). The 
bush Sophora root polysaccharide and its sulfate as well as 
baicalin-phospholipid complex (BPC) inhibited duck hepa-
titis A virus type 1 (DHAV-1) adsorption, replication, and 
release (Chen et al. 2018a, b). This effect may be due to drop 
the RNA synthesis and the protein translation via reducing 
the 3D protein stability, inhibiting cellular Hsp70 expres-
sion, and suppressing DHAV-1 IRES activity (Chen et al. 
2018c).

Table 13   (continued)

No. Name Plant species Structure References

360 n-Octacosane

  
361 trans-Squalene

  
362 n-Nonacosane

  
363 7,17-Dimethylnonacosane

  
364 2-Methyltriacontane

  
365 5-Methylhentriacontane

  
366 3,9-Dimethylhentriacontane

  
367 2-Methyldotriacontane
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Table 14   Biological activities previously reported for genus Sophora 

Biological activity Species Part used References

Antiproliferative 
Anti-tumor and immunomodulating 

S. flavescens
S. japonica
S. moorcroftiana
S. mollis
S. pachycarpa

Roots
Leaves
Roots
Aerial parts
Seeds

Aly et al. (2019), Boozari et al. (2019a, b)
Luo et al. (2018), Boozari et al. (2019a), Cao and He 

(2020), Elberry et al. (2020), Liu et al. (2020a, b), Ma 
et al. (2020a), Zhang et al. (2020a), Quradha et al. 
(2021)

Anticancer S. japonica
S. interrupta

Flower buds
Roots
Radix

Huang et al. (2018a), ur Rashid et al. (2019, 2020), 
Rammohan et al. (2020), Zhang et al. (2020a)

Apoptosis S. moorcroftiana
S. flavescens
S. tonkinensis

Seeds
Aerial parts/seeds
Seeds

Su et al. (2018), Li et al. (2019c, 2020a), Cao and He 
(2020), Fu et al. (2020), Quradha et al. (2021)

Angiogenesis inhibitors
Cytotoxic S. japonica

S. mollis
S. tomentosa
S.secundiflora

Leaves
Aerial parts
Leaves
Leaves

Elberry et al. (2020), Quradha et al. (2021)

Antiproliferative S.Japonica Roots Elberry et al. (2020)
Antioxidant S. chrysophylla

S. interrupta
Leaves
Roots

Boozari et al. (2019b), Rammohan et al. (2020)

S. subprostrata Roots Boozari et al. (2019b)
S. viciifolia Flowers/Leaves/Fruits Lin et al. (2019a), Guo et al. (2020)
S. japonica Leaves Elberry et al. (2020), Guo et al. (2020)
S. tomentosa Roots Chang et al. (2019a, b)
S. denudata Roots Ledoux et al. (2018)
S. exigua Roots Kaewdana et al. (2021)
S. mollis Aerial parts Quradha et al. (2021)

Antiviral S. flavescens
S. alopecuroides
S. denudata
S. davidii
S. japonica

Roots Ledoux et al. (2018), Zhang et al. (2018b, c), Aly 
et al. (2019), Ao et al. (2019), Elberry et al. (2020), 
Ma et al. (2020a), Wang et al. (2020b), Zhang et al. 
(2021b)

S. tonkinensis Rhizomes/Roots Li et al. (2019c), Jin et al. (2020)
Reduction of membrane fluidity S. exigua Roots Boozari et al. (2019b), Farhadi et al. (2019)
Antimicrobial and cytotoxicity Farhadi et al. (2019)

S. flavescens
S. pachycarpa
S. tomentosa
S. exigua
S. secundiflora

Roots
Roots
Roots
Leaves
Leaves

Ao et al. (2019)
Boozari et al. (2019a, b), Chang et al. (2019a), Aly et al. 

(2020a), Hadidi et al. (2020), Kaewdana et al. (2021)

Antibacterial S. alopecuroides
S. moorcroftiana
S. viciifolia
S. mollis

Roots
Seeds
Roots
Aerial parts

Su et al. (2018), Farhadi et al. (2019), Lin et al. (2019a), 
Wang et al. (2020b), Quradha et al. (2021)

Cardioprotective S. flavescens
S. japonica
S. alopecuroides

Roots/ Leaves
 Leaves
Roots

Aly et al. (2019), Boozari et al. (2019b), Wang et al. 
(2020b), Zhang et al. (2020a)

Hair growth promoting S. flavescens
S. alopecuroides
S. tonkinensis
S. japonica
S. secundiflora
S. interrupta

Roots
Leaves
Leaves/Branches
Flowers
Aerial parts
Roots

Aly et al. (2019), Chang et al. (2018)

Antipsoriatic Aly et al. (2019), Boozari et al. (2019b)
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Table 14   (continued)

Biological activity Species Part used References

Anti-inflammatory Aly et al. (2017, 2020a, b, c), Boozari et al. (2019b), 
Elberry et al. (2020), Cho et al. (2020), Li et al. 
(2019c, 2020b), Rammohan et al. (2020), Ye et al. 
(2020)

Anti-arthritic S. flavescens Aerial parts/Roots Ao et al. (2019), Elberry et al. (2020)
Anti-osteoporosis S. flavescens Fruits/Aerial parts Li et al. (2020d), Mao et al. (2020), Yang et al.  

(2020c)
Nematicidal S. flavescens Aerial parts Aly et al. (2019)
Anti-parasitic S. moorcroftiana Aerial parts Luo et al. (2018)
Insecticidal S. alopecuroides Aerial parts Boozari et al. (2019b), Zhang et al. (2020a, b, c), Zhou et al. 

(2020)
S. secundiflora Branches/Seeds/Leaves Aly et al. (2019, 2020a, 2021), Shoukat et al. (2020)
S. flavescens Roots/Branches/Leaves
S. tomentosa Leaves Aly et al. (2021)

Pesticidal S. flavescens
S. alopecuroides
S. moorcroftiana
S. mollis

Roots

Herb

Aly et al. (2019), de Andrade et al. (2020), Li et al. 
(2020b)

Antifeedant S. flavescens Seeds Aly et al. (2019), Boozari et al. (2019b)
Anti-protozoal S. flavescens Herb

Seeds
Luo et al. (2018), Aly et al. (2019), Boozari et al. 

(2019b)
Antipyretic S. flavescens

S. interrupta
S. subprostrata

Roots Aly et al. (2019), Zhang et al. (2020a, b, c)

Antiplasmodial S. mollis Roots Zhang et al. (2020a)
Neuroprotective S. flavescens

S. tomentosa
Roots
Leaves, Roots

Chang et al. (2019a, b), Wang et al. (2019d), Aly et al. 
(2020c)

Antiulcer Chen et al. (2020b)
Anti-allergic Aly et al. (2019)
Antidiabetic S. alopecuroides

S.davidii
S. flavescens
S. japonica
S. secundiflora

Seeds
Leaves/Roots
Flowers
Buds
Seeds

Aly et al. (2017), Huang et al. (2018b), Wang et al. 
(2019b), Yang et al. (2019), Cho et al. (2020), Elberry 
et al. (2020), Zhang et al. (2020b), Li et al. (2021b)

S. tomentosa
S. interrupta
S. japonica

Roots Chang et al. (2019a, b)
Rammohan et al. (2020)

Antiplatelets S.Japonica Fruits
Leaves

Kim and Yun-Choi (2008), Aly et al. (2019, 2020a), 
Boozari et al. (2019b)

Anti-Parkinsonism S.Japonica Flowers/Buds Boozari et al. (2019b); Chang et al. (2019a), Tsai et al. 
(2020)

Anti-obesity S. alopecuroides Leaves Elberry et al. (2020)
Estrogenic S. Japonica Seeds Elberry et al. (2020), Yang et al. (2020c)
Cerebral infarction reduction S. Japonica Flowers Elberry et al. (2020)
Ulcerative colitis S. alopecuroides

S. flavescens
Total alkaloids
Aerial parts in capsule

Chen et al. (2020b), Jia et al. (2020), Li et al. (2020d)

Antidiarrheal S. alopecuroides Seeds/Leaves Boozari et al. (2019b), Majnooni et al. (2021)

S. flavescens Roots Boozari et al. (2019b)

S. tonkinensis Rhizome Li et al. (2019c)
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Sophoridine (240) has exhibited obvious antiviral effects 
both in vitro and in vivo against CoxsackievirusB3 (CV-B3), 
by regulating cytokine expression. It is likely that the alka-
loid (240) itself, not its metabolites, is mainly responsible for 
the antiviral activities (Ma et al. 2018; Ren et al. 2019). The 
serum samples obtained from rats with oral administration 
of compound 240 reduced this virus, a major pathogen for 
acute and chronic viral myocarditis, titers in infected myo-
cardial cells. Matrine (246) has been reported to suppress 
the viral RNA copy number on rhabdomyosarcoma cells 
(Ma et al. 2018; Ren et al. 2019). Moreover, 246- treatment 
of mice challenged with a lethal dose of human enterovi-
rus 71, one of the major causative agents of hand, foot, and 
mouth disease in children less than 6 years old, reduced the 
mortality and relieved clinical symptoms (Ren et al. 2019). 
The matrine-type alkaloid sophoridine (240) inhibited EV71 
infection in Vero cells, and it was highly effective against 
EV71 when Vero cells were pretreated with 240 for 2 h. This 
compound was highly effective at inhibiting EV71 attach-
ment at a concentration over 250 μg mL−1 (Ren et al. 2019; 
Ti et al. 2021). The role of 249 and anagyrine (273), as 
the potent anti-respiratory syncytial virus components (Ma 
et al. 2018; Parvez et al. 2019) that have been isolated from 
the active PSf was recorded. The suggested mode of 284 
to inhibit human immunodeficiency virus (HIV)-1 infec-
tion, was by blocking virus entry and inhibited the virus 
envelope-mediated cell–cell fusion (at low concentrations) 
(Aly et al. 2019; Wang et al. 2019a). This compound has 
approximately sevenfold more potent activity against HIV-1 
than influenza virus (Wang et al. 2019a).

Matrine-based alkaloids (279–281), isolated from S. 
alopecuroides seeds, were reported with a similar or even 
better efficacy compared to the treatment with lamivudine 
and/or interferons (Wang et al. 2019a). Compounds 279 and 
280 possess unprecedented 6/6/6/4 and 6/5/6/6 ring sys-
tems, respectively, while 281 has a pair of stereoisomeric 
matrine-acetophenone alkaloids with an unusual skeleton. A 
rare 1,4-diazaindan-type alkaloid; flavascensine (279) was 
also isolated from S. flavescens roots (Wang et al. 2019a; Ti 
et al. 2021). Sophaline E (282), the first example of spar-
teine-indolizine alkaloid, sophaline G (283a) and sopha-
line H (283b), the epimeric normatrine-julolidine alkaloids 
with unusual skeletons were isolated from S. alopecuroides 
and have showed antiviral activities against HBV (Wang 
et al. 2019a; Li et al. 2020d; Majnooni et al. 2021). A qui-
nolizidine alkaloid with an unusual endocyclic ring system, 
aloperine (284) was extracted from the seeds and leaves of S. 
alopecuroides L. (Majnooni et al. 2021). Compound 284 
has been identified as a potent hepatitis virus C inhibitor 
with EC50-value of 4.23 ± 0.99 μM (Dang et al. 2016; Ti 
et al. 2021).

HIV-1-NL4-3 NanoLuc-sec virus infection of MT4 cells 
was performed, in the presence of various concentrations 

of 284 to evaluate its anti-HIV activity. The quinolizidine 
alkaloid 284 showed anti-HIV activity with EC50-value of 
1.75 ± 0.59 μM. BMS-806-resistant, Env-mediated cell–cell 
fusion, such as that mediated by YU2-T198P and 8x, may 
be inhibited by 284 (Ti et al. 2021). Through endocytosis 
inhibition, the quinolizidine alkaloid 284 effectively prevents 
the propagation of hepatitis virus C (HCV) in Huh7.5 cell 
line and primary human hepatocytes without cytotoxicity 
(Lv et al. 2020; Zhou et al. 2020).

Recently, Zhang et  al. 2021c isolated unusual 
matrine–adenine hybrids from S. davidii with inhibitory 
effects on human cytomegalovirus (HCMV). Sophovicines 
B (233) and C (234) can inhibit HCMV replication effec-
tively with IC50-values of 7.12 and 7.32 μM, respectively.

Pulmonary hypertension

The alterations of phosphodiesterase (PDE) isozyme related 
to various pathologies and the design of specific PDE inhibi-
tors might lead to the development of new specific therapeu-
tic strategies in numerous pathologies (Farhadi et al. 2019). 
The prenylated flavonol, kushenol (28), mediated mTOR 
pathway by inhibiting PDE and Akt activity to induce 
apoptosis in non-small-cell lung cancer cells (Chen et al. 
2019a). PDE5‐inhibiting drugs are also used in the treat-
ment of erectile dysfunction and pulmonary hypertension. A 
strong and selective inhibitory activity against rat diaphragm 
phosphodiesterase 5 (IC50 = 4.77 mg/mL) was exerted by 
the methanolic extract of S. flavescens roots (Boozari et al. 
2019b). The isoflavonoid aglycones, biochanin (130) and 
prunetin (131), have selectively inhibited phosphodiester-
ase (PDE) isozyme PDE4. Orobol (5,7,3′,4′-tetrahydroxy-
isoflavone) was obtained from the ethyl acetate fraction of S. 
davidii (Franch.) Skeels (Li et al. 2021b). One of orobol 
synonyms is isoluteolin (126). A derivative of the flavone 
luteolin (4) exhibited a dual inhibition on PDE2/PDE4 with 
an IC 50 ~ 40 μM, where quercetin (1) selectively inhibited 
PDE3/PDE4 (Boozari et al. 2019b; Farhadi et al. 2019).

A study from Chang and his coauthors provided infor-
mation about the role of 284 to suppress human pulmonary 
vascular smooth muscle cell proliferation via inhibiting 
inflammatory response (Chang et al. 2019b). Aloperine 
(284) could protect the mice against bleomycin -induced 
pulmonary fibrosis by attenuated fibroblast proliferation 
and differentiation (Yin et al. 2018; Chang et al. 2019b). 
Mechanistic studies revealed that 284 could regulate the 
phosphatidylinositol-3-kinase/protein kinase B/mamma-
lian target of rapamycin (PI3K/AKT/mTOR) and TGF-β/
Smad signaling pathways by reducing fibroblast proliferation 
and differentiation, respectively (Yang et al. 2018; Yin et al. 
2018; Wang et al. 2019d). While the quinolizidine alkaloids, 
isolated from S. viciifolia flowers including three matrine-
type alkaloids (291–293) and the sparteine-type alkaloid 
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(294), showed no activity as anti-inflammatory and anti-
influenza virus (Gao et al. 2020).

Anti‑inflammatory activity

Kushenol (28) was reported to inhibit autophagy and impairs 
lysosomal positioning via VCP/p97 inhibition (Kwon et al. 
2020). A recent study has demonstrated that kushenol dose-
dependently suppressed the production of inflammatory 
mediators in lipopolysaccharide-stimulated RAW264.7 
macrophages (Cho et al. 2020). In HaCaT cells, the com-
pound exerted antioxidant stress activity and prevented DNA 
damage as well as cell death by upregulating the endogenous 
antioxidant defense system.

The potent inflammasome-activating effect of maackiain 
(172) was also reported (Huh et al. 2020). The compound 
(172) has been suggested to exert an immunostimulatory 
effect by promoting IL-1β production via activation of the 

inflammasome/caspase-1 pathway and this may be clinically 
useful as an acute immune-stimulating agent.

The plant phytoextracts are also used for conditions 
involving the liver, heart, intestinal tract, and skin (Boozari 
et al. 2019b; Quradha et al. 2021). Experimental investiga-
tions indicated that its phytoextracts stimulated anticancer, 
antibacterial, antiviral, anti-inflammatory, and antipruritic 
responses with wound healing benefits (Huang et al. 2018a; 
Su et al. 2018; Boozari et al. 2019b).

Recently, S. gibbosa  extract-loaded microemulsion-
impregnated gelatin/chitosan was suggested to be a potential 
candidate for the wound healing (Shalaby et al. 2021).

The prenylated flavonoids, namely kushenol (28) and 
sophoraflavanone B (48), are used in wound healing (Chen 
et al. 2019a) and also exerted anti-inflammatory and anti-
oxidative stress activities (Cho et al. 2020). Compound 
(28) is a noncompetitive potent inhibitor of tyrosinase, the 
enzyme responsible for synthesizing melanin, thereby has 

Table 17   Summary of findings on the neurological activity of compounds derived from Sophora species

Compound Activity Action References

Kushenol (28), isoxanthohumol (32) 
and leachianone A (20), kuraridin 
(184)

Inhinitβ-Site 
APP cleav-
ing enzyme 1 
(BACE1)

IC50 of 5.45, 7.19, 8.56, 6.03 μM Boozari et al. 
(2019b), Chen 
et al. (2019a)

Formononetin (125) Anti-dementia Neuroprotective effects on scopolamine-induced dementia Aly et al. (2020c)
Maackiain (172) Agent for 

Parkinson’s 
disease treat-
ment

Improvements in food-sensing behavior and life-span
Reduce dopaminergic neuron damage in 6-hydroxydopa-

mine-exposed worms of the BZ555 strain

Tsai et al. (2020)

Aloperine (284) Neuroprotective Ameliorate oxidative stress patterns Zhao et al. (2018)

Table 18   Summary of findings on the antimicrobial activity of compounds drived from Sophora species

Compound Activity Action References

Flavanones (19) and (23) Potent antibacterial IC50 of 10 µg/disk) against Gram-posi-
tive bacteria

Farhadi et al. (2019)

Quercetin (1), kaempferol (2) and 
sophoraflavanone G (19)

Anti-caries Inhibitory activities against Streptococ-
cus mutans biofilms and antibacte-
rial properties against several strains 
of mutans Streptococci

Farhadi et al. (2019), Wang et al. 
(2019a)

B
enefit individuals with 

androgenetic alopecia

Promotes the proliferation of human hair 
keratinocytes

Chang et al. (2018), Huh et al. (2020)

Sophoraflavanone G (19) anti-MRSA Antibiofilm formation against microbe Farhadi et al. (2019)
SophoraflavanoneB (48) anti-MRSA Cause cell wall weakening and mem-

brane damage
Farhadi et al. (2019), Hadadi et al. 

(2020)
Exiguaflavanones A (61) and B (62) Anti-MARS Growth inhibition of twenty-one strains Farhadi et al. (2019)
Genistein (120) Anti-bacterial Changes exerted in the cell morphology 

of bacteria
Farhadi et al. (2019)

Matrine (246) Antimicrobial Prevention of biofilm formation 
in Staphylococcus epidermidis infec-
tions

Jia et al. (2019)
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potential cosmetic applications as a skin whitener (Boozari 
et al. 2019a, b; Cho et al. 2020). Decoction of an herbal 
Chinese formula comprises the S. flavescens rootstock, has 
been reported as a botanical remedy for treatment of skin 
inflammation (Chang et al. 2018). ASa was clinically used 
for the treatment of chronic prostatitis and psoriasis (Aly 
et al. 2019; Boozari et al. 2019b; Hadadi et al. 2020). The 
isolated prenylated flavonoids from S. flavescens roots also 
can inhibit the cell growth and production of pro-inflam-
matory mediators which were related to skin diseases such 
as psoriasis (Chang et al 2018; Boozari et al. 2019b; Yang 
et al. 2020a, b, c). The anti-proliferation effect of oxymatrine 
(249) on human skin keratinocytes has been reported to be 
related with the suppression of p63 expression. This com-
pound does not affect the formation of basement membrane, 
which is very important to maintain the normal function 
of human skin keratinocytes (Aly et al. 2019; Wang et al. 
2020a, b).

Many dosage forms were prepared from S. alopecuroides 
and applied to the clinical therapy e.g., the tablet (colitis 
enteritis and dysentery), suppository (cervical erosion and 
gynecological inflammation), and oil liniment (neuroder-
matitis and eczema) (Chen et al. 2020b; Jia et al. 2020; Li 
et al. 2020d).

The effect of many prenylated flavonoids, isolated from 
roots and rhizomes of S. tonkinensis, on the expression of 
inflammatory mediators and proprotein convertase subtili-
sin/kexin type 9 (PCSK9) was also studied (Ahn et al. 2019). 
Lonchocarpol A (56) at concentrations of 20 μM downregu-
lated PCSK9 mRNA expression in HepG2 cells (Ahn et al. 
2019).

Matrine (246) can induce endoplasmic reticulum stress 
in MCF-7 cells, downregulate the expression of hexokinase 
II, and inhibit the energy metabolism. In addition, studies 
have reported that matrine (246) has a therapeutic effect 
on Alzheimer’s disease, encephalomyelitis, asthma, myo-
cardial ischemia, rheumatoid arthritis, osteoporosis, and 
its mechanism is mainly related to the inhibition of inflam-
matory response and apoptosis (Liu et al. 2020a, b; Yang 
et al.2020a, b, c; Zhang et al. 2020a).

Matrine (246) has recorded to alleviate Staph. aureus 
lipoteichoic acid-induced endometritis via suppression of 
TLR2-mediated NF-κB activation (Jiang et al. 2019b).

The combination of S. japonica L. and Scutellaria bai-
calensis Georgi improved the intestinal barrier function, 
reduced inflammation, increased short-chain fatty acids, 
decreased indoxyl sulfate, and inhibited oxidative stress 
reactions (Guan et al. 2021). Both plants have anti-hyper-
tensive effects with clinical benefits against kidney injury.

The pretreatment with aloperine (284) protected mice 
against ischemia reperfusion-induced acute renal injury 
as manifested by reducing tubular apoptosis, attenuating 
inflammatory infiltration, and/or improving renal function 

(Wang et al. 2019a; Boozari et al. 2019a). By inhibiting 
inflammation and infiltration of macrophages, Psf exhibited 
a protection against mycobacterial trehalose dimycolate-
induced lung granuloma (Liu et al. 2018a). Mechanistic 
studies revealed that QA (284) selectively repressed IFN-γ 
and IL-1β expression by NFκB transcriptional activity and 
regulating PI3K/Akt/mTOR signaling (Yin et al. 2018; Ye 
et al. 2020). Matrine (246) prevented adriamycin-induced 
nephropathy (AIN) through the modification of disordered 
plasma lipids and recovery of renal function, and this bioac-
tivity is partly attributed to the suppression of renal inflam-
mation and Treg/Th17 imbalance regulation (Aly et al. 2017; 
Wang et al. 2019a). This compound (246) also protected 
PC12 cells from lipopolysaccharide-evoked inflamma-
tory injury via upregulation of miR-9 (Jiang et al. 2020a), 
and normalized regulatory T cells (Treg)/T-helper17 cells 
(Th17) ratio in peripheral blood mononuclear cells of AIN 
rats (Wang et al. 2019d; Zhang et al. 2020a, 2021a, b, c).

Besides, alkaloids (Table 11) are one of the main effec-
tive substances of Sophora species with anti-inflammatory 
activity. The total alkaloids of phytoextract of S. alopecu-
roides (TASa) protected against colitis, probably due to the 
downstream pro-inflammatory mediators and the inhibi-
tion of nuclear transcription factor κB (NF-κB) activation 
(Halim et al. 2019; Chen et al. 2020b). The TASa increase 
the expression of CD4+ CD25+Tregs and IL-10 in experi-
mental colitis (Fan et al. 2019; Li et al. 2020d).

Compound scopoletin 216, isolated from S. mollis (Royle) 
Graham Ex Baker, showed a significant anti-inflammatory 
effect as it reduced edema of the paw (83.98%), which was 
more potent than the standard drug (ibuprofen, showed an 
inhibition percentage of 73.22%). A docking study on a phe-
nolic acid derivative into the binding site of cyclooxygenase 
isoform showed a better protective effect against COX-1 than 
the COX-2 isoform (Quradha et al. 2021).

The ability of S. flavescens containing Chinese for-
mula to elicit anti-inflammatory and anti-oxidative stress 
response in vitro has been reported. The formula blocked 
cellular transformation and protected against dextran sul-
fate sodium-induced colitis in a mouse model (Fang et al. 
2018). Sophocarpine (235) was reported to ameliorate dex-
tran sodium sulfate-induced colitis by regulating cytokine 
balance (Chen et al. 2020b). This compound has prevented 
cigarette smoke-induced restenosis in rat carotid arteries 
after angioplasty (Yang et al. 2020a). The compound can 
play the anti-inflammatory role in cells. The alkaloid (249) 
has an anti-inflammatory effect by interfering with the IκB-α 
protein expression and inhibiting NF-κB activity in colitis 
cells (Chen et al. 2020b).

Among QA from S. tonkinensis, sophocarpine (235), 
(−)-anagyrine (273), 14β-hydroxymatrine (301), and 
7β-sophoramine (302) had high anti-inflammatory activities 
(in-vitro). While sophocarpine (235), 5α-hydroxymatrine 
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(284) (−)-anagyrine (273), and 5α,14β-dihydroxymatrine 
(300) exhibited higher anti-inflammatory effects (in 
vivo) (He et al. 2019). Oxymatrine (249) prevented syno-
vial inflammation and migration via blocking activation 
in rheumatoid fibroblast-like synoviocytes (Zhou et  al. 
2016; Liang et al. 2018). Suppression of the activation of 
NF-κB and MAPK in human chondrocytes and inhibition 
of IL-1β-induced expression of matrix metalloproteinases 
were exhibited by matrine (246) (Fan et al. 2019; Li et al. 
2020d). Aloperine (284) showed a suppressive effect on the 
swelling of hind paw inrats which induced by carrageenin, 
macostatin, PGE2, histamine, and 5-HT. It also increased 
the permeability of capillaries caused by histamine and the 
leukocytic migratory response (Wang et al. 2020b). Differ-
ent concentrations of matrine (246) solution all had inhibi-
tory effects on the growth of C6 cell lines, which showed an 
apparent dose- anti-glioma effect relationship (Zhang et al. 
2020a, 2021a, b, c).

Recently (Li et al. 2021a), a quinolizidine alkaloid of 
matrine-type; sophalode K (318); isolated from the seeds 
of S. alopecuroides suppressed the protein levels of iNOS 
and COX-2, revealing its anti-inflammatory potential.

Summary of findings on the anti-inflammatory effects of 
compounds derived from Sophora species was illustrated 
in Table 19.

Anti‑allergy activity

The anti-allergy and anti-inflammatory effects of the root 
of S. flavescens were investigated using 1-fluoro-2,4-dini-
trofluorobenzene-induced contact dermatitis mouse model 
and in vitro using RBL-2H3 cells (Aly et al. 2019; Yoo et al. 
2019). The release of histamine and β-hexosaminidase and 
migration was inhibited by treatment with this extract. Anti-
asthma herbal medicine intervention is an aqueous extract 
of three herbs, including S. flavescens (Yoo et al. 2019). It 
prevented allergic asthma airway hyper-reactivity in mice 
and inhibited acetylcholine induced airway smooth mus-
cle contraction in tracheal rings from allergic asthmatic 
mice. The methanol extract of S. flavescens was reported 
as antipruritic agent that could affect acute and chronic 
pruritus (Aly et al. 2019). This extract inhibited serotonin 
(5-HT)-induced scratching (an itch-related response) in a 
dose-dependent manner, without affecting the locomotor 
activity. Anti-allergic prenylated flavonoids from the roots 
of S. flavescens were also recorded (Boozari et al. 2019b). 
Sophoraflavanone G (19), leachianone A (20) and kushe-
nol (28) inhibited the release of β-hexosaminidase from cul-
tured RBL-2H3 cells (IC50 values ranging from 15 -30 μM). 
The regulatory effect of ethanolic extract of Flos S. japon-
ica on allergic mediators produced by intracellular calcium 
ionophore activation in mast cells was reported (Peng et al. 
2018).

At nontoxic concentrations, a prenylated  flavonoid 
sophoraflavanone M 101 isolated from S. flavescens (as an 
anti-inflammatory herb), reduced LPS-induced production 
of inflammatory mediators IL-6, NO, TNF-α, and MCP-1 
in mouse primary peritoneal macrophages. The compound 
inhibited two important inflammatory signaling pathways, 
NF-κB and JNK/AP-1 (Han et al. 2021).

Recently, the effect of sophoricoside 134 from the mature 
seeds of S. japonica on the allergic chronic inflammatory 
lung disorder asthma was investigated (Kim and Lee 2021). 
The compound 134 reduced the allergic and asthmatic symp-
toms by suppressing airway inflammation and antibody-anti-
gen reaction in mouse models. It improved allergic asthma 
by suppressing mast cell activation and CD4+ T cell differ-
entiation. This isoflavone glycoside 134 suppressed immune 
cell recruitments in the airway lumens of the lungs and pro-
duction of pro-inflammatory cytokines in the bronchoalveo-
lar lavage fluid of ovalbumin (OVA)-induced mice. It also 
decreased the amounts of histamine and arachidonic acid 
metabolites released in OVA-induced mice and antibody-
antigen stimulated mast cells. In addition, compound 134 
decreased differentiation of naïve CD4+ T cells into T helper 
type 1 (Th1), Th2, and Th17 cells.

The anti-allergic and anti-inflammatory actions of herbal 
combination four herbs including S. flavescens was recorded 
(Yoo et al. 2019). Strong anti-degranulation actions were 
recorded and the formation of prostaglandin D2, interleu-
kin-4, tumor necrosis factor-α, and leukotriene C4 was 
inhibited.

The isoflavone glycoside sophoricoside 134 inhibited the 
bioactivities of interleukins (IL-3, 5 and 6), and granulo-
cyte–macrophage colony-stimulating factor in BAF/BO3, 
Y16, MH60/BSF-2, and TF-1 cells. IL-1β and α-tumor 
necrosis factor in A375.S2 and WEHI-164 cells were not 
affected (Kim et al. 2003).

Prenylated flavonoids and 2-arylbenzofuran (194) could 
be responsible for the anti-allergic effect of S. tonkinensis by 
inhibiting IL-6 production (Boozari et al. 2019b; Zhang 
et al. 2021b). S. davidii stems and leaves affected the ear 
and toe swelling of the mice. They could reduce the capil-
lary permeability of the mice and decrease the number and 
the duration of itching (Yoo et al. 2019). Aloperine (284) 
has been used widely in clinical settings to treat inflamma-
tory diseases, including allergic dermatitis (Ye et al. 2020). 
The anti-inflammatory and anti-allergy effects of compounds 
derived from Sophora sp are summarized in Table 19.

Anti‑parasite

Most of the species of genus Sophora (approximately 70 
species) are distributed in tropical and temperate zones and 
serve as pesticides and/or nectariferous plants (Zhou et al. 
2020). S. flavescens exhibited an anti-protozoal activity (in 
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vitro) as it inhibits Toxoplasma gondii proliferation at lower 
concentrations (Youn et al. 2003). S. flavescens exhibited 
an anti-neosporal activity to inhibit parasite proliferation, 
colonies containing Neospora caninum  tachyzoites. The 
isoflavone was used to investigate the antileishmanial and 
trypanocidal compounds. Genistein (120) displayed a prom-
ising antileishmanial activity (IC50 4.2 μM) and selectivity 
(IC50 32.9 μM, versus Vero cells).

Many prenylated isoflavanones sophoronol (158), 
tetrapterol C-E (148–150), tetrapterol G-I (151–153) and 
tetrapterol F (159) were isolated from the roots of S. mollis 
and exhibited anitplasmodial activity against the CQS D10 
strain of Plasmodium falciparum (de Andrade et al. 2020; 
Li et al. 2020a; Ma et al. 2020b). Sophoronol C 104 and 
sophoronol E 106 exhibited moderate anitplasmodial activ-
ity, with IC50 values of 12.9 and 12.8 μM, respectively. A 
fraction of PSm seeds has oxysophocarpine (236) and oxy-
matrine (249) as the main ingredients which showed no anti-
parasite effect. While the activity of another fraction has the 
low polarity compounds; sophocaprine (235) and matrine 
(246) as the main phytoconstituents, were evaluated. The 
fraction presented stronger protoscolicidal activity in vivo 
and obvious inhibiting effects against growth of Echinococ-
cus granulosus cyst (Luo et al. 2018). It was suggested that 
the oxygen group in the alkaloid molecule might affect the 
activity of PSm against echinococcosis in experimentally 
protoscolex-infected mice.

The major phytoconstituents of phytoextracts of S. alope-
curoides PSa and S. flavescens PSf are sophocarpine (235), 
matrine (246), and anagyrine (273). These alkaloids pre-
sented high mortality against the third-instar larvae of Aedes 
albopictus (Shoukat et al. 2020). Additionally, PSa extract 
was more effective than a single active alkaloid due to the 
synergism of its active ingredients, which may be effective 
in managing the resistant population of Ae. albopictus. A 
concentration-dependent manner was recorded, as larval 
mortality increased with the increase in the PSa concentra-
tion and its constituents (235 and 246). Maximum mortality 
was achieved at higher concentrations (Shoukat et al. 2020).

Sophocarpine (235) and matrine (246); isolated from 
S. alopecuroides, are the main constituents for the broad 
bioactivities on insect pests, especially on aphids (Ma et al. 
2020b). The acaricidal bioactivity of an oxymatrine 249-
based commercial formulation was assessed against a pest 
in coffee cropping systems (Oligonychus ilicis) (de Andrade 
et al. 2020). QAs are widely used insecticides against cit-
rus psyllids. Among these alkaloids, the dominant alkaloids 
sophocarpine (235) and sophoridine (240) were reported as 
the alkaloids repelled Asian citrus psyllid (Rizvi et al. 2019). 
The aphicidal action of sophocarpine (235) and matrine 
(246); isolated from S. alopecuroides, was reported and they 
have certain similarities to that of avermectin, a positive con-
trol (Ismail et al. 2020; Ma et al. 2020b). The lupin alkaloid 

(246) and its unsaturated derivatives 235 had intense nemati-
cidal activity against nematodes. Sophoramine (243) had 
such activity, but it was less than that of 235 (Zhang et al. 
2020a, 2021a, b, c; Ma et al. 2020b). Aso, cytisine-type 
alkaloids; N-methyl cytisine (268) and anagyrine (273) 
alkaloids were more active against the nematodes than the 
lupin-type alkaloids; sophocarpine 235, matrine 246 (Wang 
et al. 2019a; de Andrade et al. 2020; Huang and Xu 2020a; 
Ismail et al. 2020; Ma et al. 2020b). The nematocidal effect 
of aqueous extract of roots and stems of S.mollis against 
root-knot nematodes (Meloidogyne incognita) was reported 
(Ismail et al. 2020).A study confirmed the inhibition effect 
of S. flavescens ethanol extract on Phytophthora nicotianae 
(a pathogen of tobacco black shank disease) which cause 
huge economic losses each year (Li et al. 2020b). This effect 
could be achieved by inhibiting the production of sporangia 
and the release of zoospore release.

The quinolizidine-type alkaloid 284 had significant nema-
tocidal and insecticidal activities via binding to the nicotinic 
acetylcholine receptor (Zhou et al. 2020).

The cytotoxic activity of alkaloid fraction of leaves of S. 
secundiflora and S. tomentosa and isolated alkaloids was 
also studied using crystal violet assay against MCF-7 and 
HEPG-2 cell lines (Aly et al. 2021).

Using different concentrations and mortality rate, the 
insecticidal activity of 70% methanol extract of leaves of S. 
tomentosa, S. secundiflora, and the isolated alkaloids were 
assessed against 3rd instar larvae of Culex pipiens (Diptera: 
Culicidae) (Aly et al. 2021). Anagyrine (273) exhibited high 
insecticidal activity with LC50 value of 3.42 ppm after 24 h 
of exposure (Aly et al. 2021).

Antidiabetic activity

A flavonoid-rich extract of S. davidii (Franch.) Skeels exhib-
ited antidiabetic activity via activation of AMP-activated 
protein kinase in KK-Ay mice (Huang et al. 2018b; Wang 
et al. 2019b; Yang et al. 2019). This extract promoted the 
glucose transporter 4 (GLUT-4) translocation and improved 
glucose uptake in L6 cells (Huang et al. 2018b). Several iso-
flavone glycosides isolated from the stem bark of S. japonica 
demonstrated inhibitory effects on aldose reductase in vitro 
(Aly et al. 2019). Among these compounds, daidzein (108), 
paratensein-7-O-glucoside (113), and puerol A 115 dis-
played inhibitory effects, with IC50 values of 3.2, 6.4, and 
1.9 µM, respectively.

Flavonoid-rich extract from S. alopecuroides ameliorated 
dyslipidemia, hyperglycemia, and insulin resistance in dia-
betic mice (Lv et al. 2021). This was due to the activation 
of PKC/GLUT4 pathway and the regulation of PPARα and 
PPARγ expression in white adipose tissue and liver, thereby 
ameliorating dyslipidemia.



967Genus Sophora: a comprehensive review on secondary chemical metabolites and their biological…

1 3

Flavanones were the main active principles responsible 
for GLUT-4 translocation activities of petroleum ether and 
the ethyl acetate fractions of the roots of Sophora davi-
dii (Franch.) Skeels (Ma et al. 2021). The flavanones; davi-
dones A-E 94–98 and acacetin 99 promoted GLUT-4 trans-
location by the range of 1.35–3.00 folds (Ma et al. 2021).

2-(2′,4′-Dihydroxyphenyl)-5,6-methylenedioxybenzo-
furan 192 and three 2-arylbenzofuran dimers; Shandouge-
nine A-C (193–195) were obtained from the ethyl acetate 
fraction of S. davidii  (Franch.) Skeels (Li et al. 2021b). 
These compounds were tested for their potential GLUT-4 
translocation activities. L6 cell line, which stably expressed 
Myc-GLUT-4-mOrange, was used to evaluate these effects. 
The positive control was insulin (100 nM) and 2-arylbenzo-
furans showed weak activity. Isoluteolin (126), isolated from 
the same plant, exhibited the most potent GLUT-4 translo-
cations with 1.60-fold enhancement (Li et al. 2021b). It is 
considered as an active antidiabetic constituent in the plants 
of genus Sophora.

A lavandulyl flavanone; leachianone A (20) from the roots 
of S. davidii had GLUT-4 translocation activities (Ma et al. 
2021).

(+)-Lirioresinol-A 196 was obtained from the ethyl 
acetate fraction of S. davidii  (Franch.) Skeels (Li et al. 
2021b) showed moderate translocation activity, increasing 
GLUT-4 translocation by 1.39-fold. It could be considered 
as a potentially active anti-diabetic constituent in the plants 
of genus Sophora.

Isopimpinellin (215) isolated from S. interrupta has anti-
diabetic activity and inhibitory activity against the enzyme 
adenine phosphoribosyltransferase from Leishmania (Boo-
zari et al. 2019b; Rammohan et al. 2020). Oxymatrine 249 
reported to ameliorate diabetes-induced aortic endothelial 
dysfunction via the regulation of eNOS and NOX4 (Wang 
et al. 2019b).

Antioxidant activity

Owing to tremendous antioxidant potential (Ledoux et al. 
2018; Guo et al. 2020), phytoextracts of Sophora are exten-
sively used in numerous pharmaceutical formulations. Anti-
oxidant films were prepared by mixing phytoextract of S. 
japonica (PSj) with Artemisia sphaerocephala gum (Guo 
et al. 2020). DPPH scavenging activity of the film increased 
significantly with PSj addition. Antioxidant activity of the 
edible flowers of S. viciifolia was reported (Lin et al. 2019a; 
Guo et al. 2020). Recently, Kaewdana et al. (2021) found 
that the ethanolic extract of S. exigua root could inhibit the 
superoxide anions, DPPH radicals, and hydroxyl radicals, 
with half-maximal inhibitory concentration (IC50) values 
of 129.78 ± 0.65, 24.63 ± 1.78, and 30.58 ± 1.19 μg mL−1, 
respectively.

Shandougenine B (194) is the first naturally occurring 
dimeric 2-arylbenzofuran with a novel C-3 C-3″ bond 
linkage and shandougenine A (193) is a unique dimeric 
2-arylbenzofuran with a C-3-C5‴ bond linkage. The 2-arylb-
enzofuran (194) had a higher ABTS cation radical scaveng-
ing capacity and DPPH free radical than compound 174 
(Boozari et al. 2019b).

Data suggested that the inhibition of macrophage NO 
production by these isoflavanones may, at least in part, be 
explained by their radical scavenging or reduction activity 
(Boozari et al. 2019b; Lin et al. 2019a). The prenylated chal-
cone,  kuraridin (184)  and  prenylated  flavonol kushe-
nol (28), have more potent scavenging/inhibitory activi-
ties  than  the prenylated flavanones, sophoraflavanone G 
(19)  and  kurarinone (23) (Chen et  al. 2019a). These 
prenylated flavonoids, isolated from S. flavescens, dem-
onstrated significant  inhibitory  activities  against  intra-
cellular ROS levels as well as nuclear factor-kappaB acti-
vation by tert-butylhydroperoxide (Farhadi et al. 2019). A 
study pointed out that flavonols have the high scavenging 
activity compared to flavanones and this can be related to 
the presence the C2=C3 double bond and the 3-OH group 
in the flavonol skeleton. The flavonol kushenol (28) pre-
sented the highest scavenging activity like that of the posi-
tive control, L-ascorbic acid followed by kuraridin (184) 
(Chen et al. 2019a). The flavanones sophoraflavanone G 
(19), leachianone A (20), kurarinone (23), and kurarinol 
(29) were moderately effective scavengers, with inhibition 
percentages less than 50 (at 200 µg/mL). Also, sophorafla-
vanone G (19), kurarinone (23) exhibited IC50 values of 5.26 
and 7.73 µg/mL, respectively, in DPPH· scavenging assay 
(Boozari et al. 2019b; Cho et al. 2020).

2-Propenoic acid, 3-(3,4-dihydroxyphenyl)-octaco-
syl ester 320, isolated from S. mollis (Royle) Graham Ex 
Baker, demonstrated significant free-radical scavenging 
activity using the 2,2-diphenyl-1-picryl-hydrazyl-hydrate 
(DPPH) free-radical assay. The recorded inhibition per-
centage of DPPH was 95.646 ± 0.003, 94.766 ± 0.014, 
and 94.516 ± 0.011% at concentrations of 400, 200, and 
100 μg mL−1, respectively (Quradha et al. 2021).

Miscellaneous activities

Malaria is a disease caused by Plasmodium parasites, which 
infect humans and female Anopheles mosquitoes. The lavan-
dulyl flavanones; sophoraflavanone G (19), leachianone A 
(20), and methoxykurarinone (24), isolated from the roots 
of S. flavescens, showed moderate antimalarial activities (in 
vitro) against P. falciparum (Li et al. 2020a; Ma et al. 2020b; 
Kaewdana et al. 2021). Their -half-maximal inhibitory con-
centration (IC50) values were 2.6, 2.1, and 2.4 μM, respec-
tively. Recently, the aqueous extract of S. exigua root at 
doses of 200, 400, and 600 mg/kg had a stronger antimalarial 
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activity than the ethanolic extract (Kaewdana et al. 2021). 
The aqueous extract at 600 mg/kg exhibited 60.46% suppres-
sion of parasitemia (Uzor 2020).

The phytoextract of S. tonkinensis rhizoma (PSt) exhib-
ited antidiarrheal activity. The extract (0.01–10 mg mL−1) 
has spasmolytic effect and inhibited the spontaneous con-
traction of rabbit jejunum in a concentration-dependent man-
ner like verapamil (Li et al. 2019c). The relationship between 
PSt and L-type calcium channel, concentration–response 
relationship curves of cumulative calcium chloride were 
determined. The phytoconstituents of Sophora species con-
tained terpenes, sterols, flavonoids, and alkaloids, and these 
substances are linked to the antidiarrheal activity (Boo-
zari et al. 2019b; Li et al. 2019c). A combination of PSf 
extract and a compound from Stevia rebaudiana, stevioside 
improved the small intestinal lesion score in piglets, alleviate 
diarrhea and decrease rotaviral shedding in feces (Boozari 
et al. 2019b; Wang et al. 2019a).

The lipoidal matters were reported with in vitro cytotoxic 
activity towards HCT-116 carcinoma cell line (IC50-value of 
97.00 and 38.76 μg mL−1 for S. secundiflora and S. tomen-
tosa, respectively) using the MTT assay (Aly et al. 2020a). 
Palmitic acid 346 is the major saturated fatty acid in both 
lipoidal matters; it showed anti-inflammatory and selective 
cytotoxic activity towards the human leukemia cell line 
MOLT-4. Linolenic 349 bioactive lipophilic compounds 
in S. secundiflora acid in the lipoidal matter decreased the 
growth of transplanted prostate, colon, and breast cancer 
cells in vivo. Regarding the in vitro studies, compound 349 
was able to inhibit growth and promote apoptosis of trans-
planted prostate, colon, and breast cancer cells. Linolenic 
acid 349-induced apoptosis of colon and breast cancer cells 
via a mitochondrial-mediated pathway.

The dominant compounds in the unsaponifiable matter of 
S. secundiflora were α-amyrin (230, 9.73%) and β-amyrin 
acetate (231, 55.20%). While n-nonacosane (362, 43.80%) 
and 2-methyltriacontane (364, 11.94% were the main com-
ponents in S. tomentosa. In the saponifiable fraction, the 
content of saturated fatty acids identified in S. tomentosa 
(58.37%) was higher than S. secundiflora (29.0%). The 
percentage of unsaturated fatty acids identified in S. secun-
diflora (62.67%) was higher than S. tomentosa (34.51%). 
Methyl linolenate 349, 36.62%) and methyl palmitate (346, 
40.02%) are the major compounds in S. secundiflora and S. 
tomentosa. The dominant compounds in the unsaponifiable 
matter of S. tomentosa were n-nonacosane (362, 43.80%) 
and 2-methyltriacontane (364, 11.94%). α-Amyrin (230, 
9.73%) and β-amyrin acetate (231, 55.20%) were the main 
components in S. secundiflora (Aly et al. 2020a).

Phytol (347) is a cyclic diterpene and a member of 
branched-chain unsaturated alcohols with antioxidant 
activity related to antinociceptive activities (Aly et  al. 
2020a). α- and β-Amyrins are pentacyclic triterpenes with 

anti-inflammatory, antimicrobial, antioxidant, and anticancer 
properties. Linolenic acid (349, C18:3) is a polyunsaturated 
fatty acid called omega-3 fatty acid relative to its three dou-
ble bonds (Boozari et al. 2019b; Aly et al. 2020a).

Many isoprenoid flavonoids, with particularly an isopre-
nyl and a lavandulyl group in backbone structures were iso-
lated from S. flavescens and S. pachycarpa and S. japonica 
(Boozari et al. 2019a, b; Li et al. 2020a). The anti-ulcer 
activities of many phytoextracts of Sophora species (e.g. S. 
subprostrata, S. japonica and S. interrupta) were reported 
due to the presence of phytochemical constituents such as 
saponins and isoflavonoids (Boozari et al. 2019b; Farhadi 
et al. 2019; Chen et al. 2020b; Yang et al. 2020b, c). Gen-
istein (120) and biochanin A (130) showed about 2.5–6.5 
folds greater inhibitory effects on arachidonic acid and 
U46619 induced platelet aggregation. Irisolidone (132) was 
∼22–40 folds stronger inhibitor than acetylsalicylic acid on 
arachidonic acid and U46619 induced aggregation (Kim and 
Yun-Choi, 2008; Chen et al. 2020d).

Three isoflavones: genistein (120), biochanin A (130) and 
irisolidone (132); and four were identified as isoflavone-gly-
cosides: sissotrin (117), tectoridin 118, genistin (119), and 
sophorabioside (134) from the stems, fruits and leaves of 
S. japonica (Kim and Yun-Choi 2008; Chen et al. 2020d). 
The isoflavone-glycoside tectoridin 118 showed inhibitory 
activity on U46619 and arachidonic acid-induced aggrega-
tion (IC50 of 123.4 and 25.9 µM, respectively) which had an 
activity similar to that of genistein (120) and biochanin A 
(130), but less than that of irisolidone (132) (Kim and Yun-
Choi 2008; Chen et al. 2020d).

The extract of S. alopecuroides reduced the acute opioid 
withdrawal symptoms (Kianbakht et al. 2020). It decreased 
the clinical opiate withdrawal scale score (at days 3 and 
8 significantly) compared with the placebo and had good 
safety and tolerability. The activity may be attributed to its 
major alkaloids; sophoramine (243), sophocarpine (235) and 
matrine (246). Through regulating TGF-β/Smad signaling in 
rats, matrine (246) suppressed the pancreatic fibrosis (Liu 
et al. 2019b). The mechanisms of protective effects of oxy-
matrine (249), on damaged organs and tissues are mainly 
related to its anti-inflammatory, anti-oxidative stress, anti- or 
pro-apoptotic, anti-fibrotic, metabolism-regulation, and anti-
nociceptive functions (Lan et al. 2020).

Accumulating evidence indicates that sophocarpine 
(235) and oxymatrine (249) may protect against myocardial 
ischemic damage. The protective effect of 235 on the cardio-
vascular system was reported. This compound ameliorates 
cardiac hypertrophy through the activation of autophagic 
responses (Lin et al. 2020).

The total alkaloids extract derived from S.alopecuroides L 
improved depression-like behaviors and depression-related 
indicators in mice (Zhang et al. 2021a). A recent study indi-
cated that S. alopecuroides L.-derived alkaloids improved 
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Table 19   Summary of findings on the anti-inflammatory and anti-allergy effects of compounds derived from Sophora species

Compound Activity Action References

Kushenol (28) Inhibits autophagy and impairs 
lysosomal positioning

via VCP/p97 inhibition Kwon et al. (2020)

Macrophages and oxidative stress 
in HaCaT cells

In lipopolysaccharide-stimulated 
RAW264.7 and tert-butyl 
hydroperoxide, respectively

Cho et al. (2020)

Skin whitener Inhibitor of tyrosinase Boozari et al. (2019a, b), Cho et al. 
(2020)

Maackiain (172) Potent inflammasome‐activating 
effect

- Exerts an immunostimulatory 
effect by promoting IL‐1β 
production

Promoting IL‐1β production via 
activation of the inflammasome/
caspase‐1 pathway

Huh et al. (2020)

Kushenol (28) and sophorafla-
vanone B (48)

Wound healing Chen et al. (2019a)

Lonchocarpol A (56) Effect on expression of inflamma-
tory mediators

downregulate PCSK9 mRNA 
expression in HepG2 cells

Ahn et al. (2019)

Sophoricoside (134) It ameliorates the allergic chronic 
inflammatory lung disor-
der (asthma)

Preventing mast cell activation 
and CD4 + T cell differentiation 
in ovalbumin-induced mice

Kim and Lee (2021)

Sophoraflavanone M (101) Alleviating inflammatory condi-
tions

Significantly suppressed LPS-ele-
vated inflammatory cytokinesin 
the serum of endotoxemia mice

Han et al. (2021)

Sophocarpine (235) Colitis Regulating cytokine balance Chen et al. (2020b)
Preventing restenosis after angio-

plasty in smokers
Inhibits the inflammatory reaction Yang et al. (2020a)

Oxysophoridine (242) Alleviation of spinal cord injury Alleviation via anti-inflammatory, 
anti-oxidative stress and anti-
apoptosis effects

Cao et al. (2018)

Matrine (246) Alleviate Staphylococcus aureus 
lipoteichoic acid-induced endo-
metritis

This via suppression of TLR2-
mediated NF-κB activation

Jiang et al. (2019b)

Protection from evoked inflamma-
tory injury

protect PC12 cells via upregula-
tion of miR-9

Jiang et al. (2020a)

Osteoarthritis A suppression of the activation 
of NF-κB and MAPK in human 
chondrocytes

Fan et al. (2019), Li et al. (2020d)

Anti-glioma effect Inhibitory effects on growth of C6 
cell lines

Zhang et al. (2020a, 2021a, b, c)

Oxymatrine (249) Prevents synovial inflammation 
and migration

This via blocking activation 
in rheumatoid fibroblast-like 
synoviocytes

Zhou et al. (2016), Liang et al. 
(2018)

Colitis interfering with the IκB-α protein 
expression and inhibiting 
NF-κB activity in colitis cells

Chen et al. (2020b)

Suppression of renal inflammation Modification of disordered plasma 
lipids and recovery of renal 
function

Aly et al. (2017), Wang et al. 
(2019a)

Aloperine (284) Protection against ischemia 
reperfusion-induced acute renal 
injury

Reduce tubular apoptosis and 
attenuated inflammatory infiltra-
tion

Boozari et al. (2019a), Wang et al. 
(2019a)

NFκB transcriptional activity Selectively repressed IFN-γ and 
IL-1β expression and regulating 
PI3K/Akt/mTOR signaling

Yin et al. (2018), Ye et al. (2020)

Edema in hind paw Suppres the effect on the swelling 
of a rat’s hind paw

Increases the permeability of 
capillaries

Wang et al. (2020b)
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depression in mice through modulating gut microbi-
ota (Zhang et al. 2021a). The results of HPLC–MS (positive 
ionization) for total alkaloids from the seeds of S. alopecu-
roides confirmed the presence of six main alkaloids. They 
were identified as, sophocarpine 235, sophoridine (240), 
oxysophoridine 242, matrine (246), oxymatrine (249), and 
lupanine 253. The role of the hippocampal PI3K/Akt/mTOR 
signaling of matrine 246 was reported (Wu et al. 2019a, b). 
Matrine 246 exerts antidepressant-like effects on mice. It 
ameliorates anxiety and depression-like behaviour by target-
ing hyperammonemia-induced neuroinflammation and oxi-
dative stress in CCl4 model of liver injury (Li et al. 2019a; 
Zhang et al. 2020a).

Many therapeutics isolated from PSf are considered as 
alternative anti-caries agents such as quercetin (1), kaemp-
ferol (2) and sophoraflavanone G (19) due to their inhibitory 
activities against Streptococcus mutans biofilms and antibac-
terial properties against several strains of mutans strepto-
cocci (Farhadi et al. 2019; Wang et al. 2019a). The applica-
tion of deep eutectic solvent on the extraction of rutin from 
S. japonica bud was reported (Peng et al. 2018). Another 
styudy ivestigatedusing a combination of near-infrared spec-
troscopy and chemometrics as a rapid, quantitative analysis 
of the rutin (3) proportion in differently processed products 
of S. japonica L (Chen et al. 2018d).

Phytoextracts: a structure–activity relationship

The structure elucidation and characterization of bioactive 
compounds supposed that the functionality is based on struc-
tural chemistry (Boozari et al. 2019b). Previous structural 
modification and structure–activity relationship (SAR) stud-
ies revealed that presence of lavandulyl or isoprenyl sub-
stitution in C-8 position of flavanone structure increased 
the cytotoxic and antibacterial effect (Farhadi et al. 2019). 
Prenylated flavonoids with hydroxyl (OH) groups at the C3 
and C6 and prenyl moieties at C8 site can inhibit human 
carboxylesterase 2 that promote the metabolic activation of 
ester drugs and lipid metabolism (Mukai, 2018). Also, the 
relationship between their structure and antibacterial activity 

indicates the importance of OH group on the B ring. This 
group can control hydrophilicity (Farhadi et al. 2019). While 
the presence of prenyl or lavandulyl, as an aliphatic group, 
could contribute to the hydrophobicity at the A ring (Boozari 
et al. 2019b).

Most prenylated flavonoids with lavandulyl or isopre-
nyl moieties at C8 displayed potent antibacterial activity. 
However, the position of methoxyl groups in the skeletons 
of compounds 19, 20 and 24 contribute to the antimalarial 
activity as they did not show selective toxicity (Li et al. 
2020a; Ma et al. 2020b). The isoflavone skeleton has been 
deserved to investigate antileishmanial and trypanocidal 
compounds (Boozari et al. 2019b).

Sophoraflavanone G (19), kurarinone (23), and kurarinol 
(29), are other flavanones from the phytoextract of S. fla-
vescens roots have a strong tyrosinase inhibitory activity. 
The results of molecular modeling study have suggested that 
the terminal hydroxy function within the lavandulyl group 
was important for optimal binding. This group within kura-
rinol (29) is instrumental in the interaction with the enzyme 
(Farhadi et al. 2019). The presence of lavandulyl groups also 
attributed to the trypanocidal activity of prenylated flavo-
noids. Alopecurone G (18), sophoraflavanone G (19), leachi-
anone A (20), kurarinone (23), and methoxykurarinone (24) 
showed a stronger activity compared to other prenylated 
flavonoids (Boozari et al. 2019b; Chang et al. 2019a). The 
presence of lavandulyl groups also attributed to the antibac-
terial activity (Farhadi et al. 2019). The additional active 
group of 8-lavandulyl facilitated the interaction between 
compound 19 (sophoraflavanone G) and bacterial cellular 
membranes, resulting in an enhancement of the membrane 
effect. Compound 19 equally reduced the fluidity of outer 
and inner layers of membranes compared with naringenin 
(worked on outer layers more than inner ones) (Farhadi et al. 
2019). The isogeranyl at C‐8 and OH at 3, 2′, and 4′ on the 
A and B rings of prenylated flavonoid improved the effects 
of ampicillin or oxacillin against MRSA infection (Farhadi 
et al. 2019).

Sophoraflavanone G (19) and sophoraflavanone I (67) 
(stilbene residue on B ring of flavonoid structure) showed 

Table 19   (continued)

Compound Activity Action References

Sophocarpine (235), anagyrine 
(273), 14β-hydroxymatrine 
(301), and 7β-sophoramine 
(302)

Showed more potent in vitro anti-
inflammatory activities

could contribute to the chondro-
protective effect

He et al. (2019)

Sophocarpine (235), 
5α-hydroxymatrine = ( −)-ana-
gyrine (273), 5α,14β-
dihydroxymatrine (300)

Exhibited better in vivo anti-
inflammatory activities

Suppression of the activation of 
NF-κB and MAPK

He et al. (2019)

Sophalode K (318) Anti-inflammatory properties Suppressed the protein levels of 
iNOS and COX-2

Li et al. (2021a)
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a cytotoxic activity against tumor cells (HSC‐2 and HSG). 
Also, alopecurones (stilbene residue on A ring of flavonoid 
structure) exhibited an inhibitory activity against multi-drug 
resistance associated protein 1 (Boozari et al. 2019b). The 
lavandulyl flavanones (19) and (24) suppressed glutamate-
induced neurotoxicity and ROS generation in HT22 cells via 
the induction of the expression of heme oxygenase (HO)-1 
and increased HO activity dose- and time-dependently. 
Despite structural similarities, other lavandulyl flavanones 
(20) and (23) did not stimulate HO-1 expression, ROS scav-
enging, or cytoprotection and thus they did not show protec-
tion (Chang et al. 2019a).

The flavonostilbenes alopecurone A (57), B (65), and D 
(59) are considered as therapeutic reversal agents against 
multidrug resistance-associated protein 1 (MDRP1). They 
had an inhibitory activity and dramatically increased the 
accumulation of 6-carboxyfluorescein diacetate and doxo-
rubicin in MDRP1-transfected U-2 OS cells (Boozari et al. 
2019a,b; Yang et al. 2019; Wang et al. 2020b). The benefi-
cial protective effects of HO-1 in inflammation were medi-
ated not only via enzymatic degradation of pro-inflammatory 
free heme but also via production of the anti-inflammatory 
compound’s bilirubin and carbon monoxide (Wang et al. 
2018a).

A decoction of a Chinese herbal formula has been 
reported as a botanical remedy for treatment of skin inflam-
mation (Chang et al. 2018). A resveratrol glucoside is con-
sidered as one of the core anti-C–C motif chemokine ligand 
17 (CCL17) bioactive ingredients in a Chinese formula, 
comprises the rootstock of S. flavescens (Chang et al. 2018).

The prenyl/or lavandulyl group at the C-8 position, along 
with a 3,4′-dihydroxyl group, could play a predominant role 
in antidiabetic complications and anti‐Alzheimer activi-
ties (Boozari et al. 2019b; Chang et al. 2019a). A previous 
review analyzed the SAR of prenylated flavonoid and clari-
fied that the substitution of the flavonoid ring system with 
prenylated groups increased the lipophilicity and confers 
upon the molecule a strong affinity to biological membranes 
(Boozari et al. 2019b).

A study suggested that the β-D-glucose substitute at C-3, 
in the structure of flavonoids isolated from S. davidii, was 
necessary for the anti- Tobacco Mosaic Virus (TMV) activ-
ity (Yang et al. 2019). The presence of 1,3-benzodioxole 
ring could lead to increasing the protective effects against 
TMV replication.

Recently, the effect of substitutions at isoflavone deriva-
tives on the binding affinity against the human ACE2 
(hACE2), targeting COVID-19, was investigated (Alesawy 
et al. 2021). It was found that the substitutions at 5-position 
with hydroxyl (genistein 120) and methoxy group (glycitein) 
increased the binding of isoflavones against hACE2, with 
an increased affinity of hydroxyl derivative (Alesawy et al. 

2021). Isoflavonoids can strongly bind the hACE-2 and viral 
main protease Mpro with great binding modes.

Studies show that prenylation decreases the flavonoids 
transportation from intestinal epithelia and reduces their 
absorption (Boozari et  al. 2019b; Chang et  al. 2019a). 
Despite the lower absorption of prenylated flavonoids com-
pared with flavonoids, higher accumulation was found in 
the liver and kidney and exerted strong biological activity.

Previous structural modification and structure–activity 
relationship (SAR) studies revealed that N12 modifications 
on 284 scaffolds could enhance the anti-HIV activity (Lv 
et al. 2020). N12 substitutions improved their EC50’s 1.5- to 
2.5-fold compared to that of unmodified 284. The favorable 
modifications for the increased anti-HIV-1 activity include 
a spacer of 4 carbons in length attached to N12 with the 
other end linked to a para-substituted phenyl group through 
an amide bond.

A previous study compared the SAR of flavesine J (290) 
with flavesine G (287) revealed that the introduction of 
a pyridine ring to a carboxylic acid group at C-15 might 
enhance the antiviral activity against HBV. Also, the struc-
ture of alopecurine A (285, 14.1%) and alopecurine B (286, 
46.0%) and the HBsAg inhibitory activity relationship 
implied that the cleavage of the C-5–C-6 bond could produce 
a positive effect on antiviral activity against HBV. Whereas 
the cleavage of the C6–C-7 bond seems to be unfavorable 
for this activity (Zhang et al. 2018b, c). SAR with respect to 
the delta-lactam moiety of the matrine-type alkaloids and 
nematicidal activity was examined (Zhang et al. 2020a).

The key bioactive constituents of many Sophora species 
that exhibited sedative, depressant, analgesic, hypothermic, 
anti-tumor, and antipyretic activities, were the quinolizidine-
type alkaloids (Aly et al. 2019, 2020a, b, c, 2021; Wang et al. 
2019a; Cao and He 2020; Gao et al. 2020). Quinolizidine 
alkaloids (QA) were chemically divided into matrine-, spar-
teine-, cytisine-, and aloperine- types alkaloids (Li et al. 
2021a).

QA possess extensive pharmacological effects on immune 
system as well as the cardiovascular and the nervous sys-
tems (Ren et al. 2019). A chloro-containing matrine-type 
alkaloid alopecine D (298) was isolated from the seeds 
of S. alopecuroides. This compound, of unusual matrine-
type alkaloids featuring with additional di -chloromethyl 
attached on the D ring displayed immunosuppressive activity 
(Wang et al. 2020b, c). The compound exhibitedinhibitory 
effects on LPS-induced B cells or the proliferation of ConA-
induced T lymphocytes with IC50-value of 3.74 or 3.98 μM, 
respectively.

The toxicological action of sophocarpine (235) and 
matrine (246) is related to the regulation of glutamate and 
γ‐aminobutyric acid systems. It has certain similarities to 
that of avermectin, a positive control (Ma et al. 2020b). The 
lupin alkaloid (246) and its unsaturated derivative (235) had 



972	 H. I. Abd‑Alla et al.

1 3

a strong nematicidal activity. Another unsaturated deriva-
tive, sophoramine (243), had such activity, but it was less 
than the activity of 235. The degree of unsaturation in the 
delta-lactam ring of these lupin alkaloids was necessary to 
enhibit pinewood nematodes (Ismail et al. 2020; Ma et al. 
2020b; Zhang et al. 2020a). The crude fraction containing 
cytisine-type alkaloids; N-methyl cytosine (268) and ana-
gyrine (273) was more active against the nematodes than 
the lupin-type alkaloids; sophocarpine (235), matrine (246) 
(Wang et al. 2019a; Chen et al. 2020a; Huang and Xu 2020a; 
Ma et al. 2020b).

Sophora species and pandemic coronavirus disease

Coronavirus disease 2019 (COVID-19) is an illness caused 
by a novel coronavirus called severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) (Zhang et al. 2020a, b, 
c; Majnooni et al. 2021). The ongoing COVID-19 pandemic 
has created an alarming situation due to its high morbid-
ity and mortality rates, economic losses, and the threat to 
global health security. When the paper was submitted, about 
220 countries and territories around the world have reported 
more than 188,616,093 million confirmed cases of SARS-
CoV-2, including more than 4,065,804 deaths (https://​www.​
world​omete​rs.​info/​coron​aviru​s/#​count​ries). In Egypt, the 
total cases were 283,320 cases and 16,412 deaths. Infec-
tions caused by viruses pose a significant challenge due to 
their wide spectrum of clinical presentations (Zhou et al. 
2020). The critical cases of coronaviruses are linked to aber-
rant immune response, severe acute respiratory infection, 
and thrombosis. In vitro antiviral assays of extracts of some 
medicinal plants revealed the potential of using S. subpros-
trata as an anti-SARS-CoV2 candidate for further clinical 
studies (Fuzimoto and Isidoro 2020; Ghoran et al. 2021).

Most of the active natural compounds with inhibitory 
activity towards various types of coronaviruses could inhibit 
SARS-CoV-2, are belongs to polyphenols and flavonoids 
(e.g. quercetin 1 and luteolin 4) (Orhan et al. 2020). Querce-
tin (1) was tested for its SARS-CoV-3CLpro inhibitory effect. 
The compound has reportedly inhibited cleavage activity of 
the 3CLpro in a cell-based assay in a dose-dependent manner 
(Majnooni et al. 2021).

Other medicinal plants that produce various phenolic 
compounds and sterols are distinguished for their beneficial 
effects against human coronavirus (HCoV)-229E (Alesawy 
et al. 2021; Ghoran et al. 2021).

The isoflavonoids are an important polyphenolic subclass 
of flavonoids with a skeleton based on a 3-phenylchroman 
structure and their antiviral activity was proved in sev-
eral scientific reports (Boozari et al. 2019b; Farhadi et al. 
2019). Some isoflavonoids (e.g. isoflavonoid genistein 120) 
could inhibit SARS-CoV-2 which target the human ACE2 
(hACE2) (Alesawy et al. 2021). This compound (120) is the 

major isoflavonoid of soybean seeds, and it could inhibit her-
pes simplex virus HSV-2 (333 strain), HSV-1 (29R strain), 
and KOS strains) replications with IC50-values of 14.12, 
7.76 and 14.02, respectively (Alesawy et al. 2021).

Phenols and polyphenols (flavonoids) attack viral proteins 
present in the viral membrane or inside the virus particle. 
Phenolics are active against free viral particles but not—or 
to a lesser degree—after a virus have entered a host cell. 
Another group of PSMs is directed against DNA or RNA. 
These are DNA intercalators such as emetine and other iso-
quinoline alkaloids, and quinoline alkaloids. These alkaloids 
can inhibit viral development and viral replication in cells, 
as shown for SARS-CoV and other viruses.

A coumarin isopimpinellin 215; from the leaf etha-
nol extract of Angelica keiskei (Apiaceae), targeting the 
SARS-CoV 3CLpro and PLpro by cell-based and cell-free 
cleavage assays possessed a deficient inhibition against 
SARS-CoV 3CLpro with 10% at 200 μM. While the isolated 
isobavachalcone (185) (IC50 = 39.4 ± 5.2 μM for cell-free, 
IC50 = 11.9 ± 2.8 μM for cell-based assay, selectivity index 
SI = 1.3) displayed competitive inhibition towards SARS-
CoV 3CLpro with a dose-dependent manner. The same 
alkylated chalcone (185) isolated from the extract of the seed 
ethanol extract of Psoralea corylifolia L. (Fabaceae) exhib-
ited a high inhibitory effect (IC50 = 15 μg mL−1) against 
SARS-CoV (papain-like) PLpro (Orhan et al. 2020).

The pterocarpan derivative, maackiain (172) was isolated 
from the seeds of S. alopecuroides (Tsai et al. 2020; Rong 
et al. 2020). Concerning the activity of different pterocarpan 
derivatives; it was noted that the compound which contained 
an additional tetrahydrofuran ring attached to the chromene 
ring showed a better binding affinity inside the human ACE2 
(hACE2) than the compounds which contained free OH 
groups at the chromene ring (Alesawy et al. 2021).

Generally, different tested isoflavones and pterocarpans as 
COVID-19 agents in a screening study decreased the affinity 
against hACE-2 in descending order of isoflavone deriva-
tives > pterocarpan derivatives (Alesawy et al. 2021; Ghoran 
et al. 2021).

Thus, to find natural compounds with inhibitory activ-
ity against SARS-CoV, many researchers evaluated several 
natural compounds, including flavonoids, sterols, and fatty 
acids, against the activity of SARS helicase. They used col-
orimetry-based ATP hydrolysis assay or a fluorescence reso-
nance energy transfer-based double-strand DNA unwinding 
assay to evaluate the inhibitory activity (Orhan and Deniz 
2020; Ghoran et al. 2021; Remali and Aizat, 2021).

Alkaloids are a group of naturally occurring chemical 
compounds that contain mostly basic nitrogen atoms. Vari-
ous studies showed that quinolizidine alkaloid matrine 246 
exhibited antiviral activities against coxsackievirus B3 in 
Vero cells and influenza H3N2 virus in MDCK cells (Liu 

https://www.worldometers.info/coronavirus/#countries
https://www.worldometers.info/coronavirus/#countries
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et al. 2018b; Ma et al. 2018, 2020a, b; Ren et al. 2019; Wang 
et al. 2019a; Sun et al. 2020).

The mechanism of anti-coronavirus effect of S. flaves-
cens Aiton could be illustrated from multiple pathways, such 
as matrine 246 alkaloids and type I interferon, ERK signal 
pathway, NF-κB signal pathway and PI3K/Akt signal path-
way (Zou et al. 2019; Li and Yu 2020). It provided a refer-
ence for clinical treatment of coronavirus infection pneu-
monia and research and development of related drugs of S. 
flavescens. The extracts of this species inhibited coronavirus 
replication (in vitro) and reduced the intracellular viral RNA 
concentration (Remali and Aizat 2021). The profiles of S. 
flavescens were analyzed to obtain biomarkers detected in 
different root tissues using combining metabolomes and 
transcriptomes (Wei et al. 2021). The expression levels of 
different transcripts (AO-2 & 6, LYS-A1 & A2, PMT-1, 17, 
34, and 35) were highly and positively correlated with alka-
loids (e.g., sophoridine (240), oxymatrine (249), and matrine 
(246) content (Wei et al. 2021).

Another extract of S. subprostrata Chun could inhibit 
RdRp activity through decreasing the protein expression in 
murine coronavirus (Remali and Aizat 2021). The metha-
nol extract of S. subprostrata radix decreased produc-
tion, the intracellular viral RNA and protein expression of 
some coronaviruses-single-stranded, positive-strand RNA 
virus with a helical nucleocapsids such as mouse hepati-
tis virus and porcine epidemic diarrhea virus (Sun et al. 
2018; Chen et al. 2020d; Remali and Aizat 2021). Of note, 
S. subprostrata radix constituents could contribute to the 
race for anti-COVID-19 chemotherapeutic discovery (Fuzi-
moto and Isidoro 2020; Ghoran et  al. 2021). This herb 
Sophora radix showed inhibition effects against mouse 
hepatitis virus (MHV)-59/CoV (EC50 = 0.8 μg mL−1) than 
ribavirin (EC50 = 17.5 μg mL−1).

Recent animal and clinical studies revealed a therapeu-
tic potential of quinolizidine alkaloid matrine 246 (from S. 
flavescens Radix) on COVID-19 patients (Ren et al. 2019; 
Wang et  al. 2019a; Sun et  al. 2020). The alkaloid 246 
reduced IL-16, IL-10, and TNF-α levels and the viral load 
in lung tissues. Consequently, 246 can significantly shorten 
the time to viral clearance in COVID-19 patients, leading to 
earlier negative SARS-CoV-2 test. Concomitantly, S. flaves-
cens Radix extract can moderately inhibit anti-SARS-CoV1 
3CL protease (Luo et al. 2009).

The therapeutic effect of sodium chloride salt of 246 
in a mouse pneumonia model infected with HCoV-229E 
(Choudhry et al. 2020; Jin et al. 2020). The intraperitoneal 
injection of alkaloid salt significantly decreased the patho-
logical damage to the lung tissue and reduced the lung index. 
The percentage of T cells of CD4+ and CD8+, the number of 
B cells in peripheral blood, the production of TNF-α, IFN-γ, 
IL-6, IL-10, and the viral load in the lung was significantly 
low compared to those in the controls. Therefore, alkaloid 

salts have therapeutic effect on HCoV-229E-infected mice 
via a mechanism related to the regulation of immune func-
tion (Choudhry et al. 2020; Sun et al. 2020).

Network pharmacology and molecular docking study 
simulation demonstrated that 246 could interact with the 
three key target proteins Mpro, ACE2, and RdRp during the 
SARS-CoV-2 infection (Peng et al. 2020a).

Another quinolizidine alkaloid oxysophoridine (242) 
inhibited the viral replication in Vero-E6 cells at noncyto-
toxic concentrations (Batalha et al. 2021). In the last dec-
ades, the applications of gemcitabine as a potent antiviral 
and chemotherapy agent attracted growing attention. Gem-
citabine exhibited in vitro activity against SARS-CoV-2, 
with EC50 = values of 1.24 µM (Zhang et al. 2020a, b, c; 
Batalha et al. 2021). A combination of gemcitabine with 242 
had an antiviral effect against SARS-CoV-2 (Zhang et al. 
2020a, b, c).

Oxysophoridine 242 exhibited a dose-dependent inhi-
bition of 2019-CoV replication in infected cells similar to 
chloroquine, the reported reference drug (Zhang et al. 2020a, 
b, c). The compound 242 may have a broad-spectrum anti-
viral activity against RNA viruses. The EC50 value of this 
compound was 0.18 μM compared with 1.36 μM for chlo-
roquine (Zhang et al. 2020a, b, c). The 50% cytotoxic con-
centration (CC50) value was > 40 μM. The selectivity index: 
SI (CC50/EC50), in Vero cells was higher than 222 compared 
with just above 30 for chloroquine (the positive control). 
Further studies are needed to investigate the antiviral mecha-
nism against SARS-CoV-2, toxicological evaluation and the 
safety profile of compound 242. A dose-dependent inhibi-
tion of 242 on SARS-CoV-2 infectivity in Huh-7 cells was 
reported (Fielding et al. 2020; Zhang et al. 2020a, b, c).

Discussion and future perspectives

The present review summarizes the research progress 
regarding Sophora species, with a particular focus on the 
traditional uses, the phytochemical and biological character-
istics. The trend in drug discovery aimed to promote the uti-
lization of natural and traditional resources for contemporary 
health care, including food/diet therapy (Tsai et al. 2020). 
Sophora has been used for a long time in different standard 
medicine formulas as an alternative traditional medicine 
in many countries, particularly in China and South Korea. 
More than 85% of Chinese medical material originates from 
plants (Yao et al. 2021).

Pharmacological studies on crude extracts and pure 
metabolites provided details on its traditional uses, as 
Sophora has been effectively used traditionally for treating 
hematochezia, asthma, allergy, sores, inflammation, gastro-
intestinal hemorrhage, dysentery, clear heat, cool the blood 
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and reduce swelling, soothing the sore throat, and cough 
(Boozari et al. 2019b; Li et al. 2021b).

The presented data stated that all the reported phyto-
chemical and pharmacological studies focused mainly on 
some species such as S. flavescens and S. japonica (Fig. 1); 
however, the majority of Sophora species still need further 
investigations. The relative percentage of all published 
chemical and biological reports regarding Sophora species 
is shown in Fig. 1.

Additionally, the state of the art on Sophora chemistry 
provides considerable opportunities for future discoveries. 
Approximately 370 chemical constituents have been iso-
lated from different Sophora species (Fig. 2). The distribu-
tion of the secondary metabolites among Sophora species 
is illustrated in Fig. 2. These metabolites belong to different 
classes, including alkaloids, flavonols and flavones, isofla-
vonoids, pterocarpans, stilbene oligomers, phenolic acids, 
and other phenolic compounds.

This review sheds light on the promising chemical com-
pounds extracted from Sophora and their bioactivities. This 
could make these chemical compounds suitable candidates 
for further development through clinical trials. There are still 
scientific gaps needs to be filled regarding studying chemi-
cal compositions of different species and their therapeutic 
effects.

First, Alkaloids are unique to Sophora and showed valu-
able pharmacological activities. The total alkaloids of S. alo-
pecuroides TASa and matrine 246 inhibited auto-inducer 2 
in the biofilms of Staphylococcus epidermidis. Also, this 

TASa ameliorated murine colitis by regulating bile acid 
metabolism and gut microbiota and had a protective effect 
on colitis, associated with downstream pro-inflammatory 
mediators and inhibition of nuclear transcription factor κB 
(NF-κB) activation (Halim et al. 2019; Izdebska et al. 2019; 
Chen et al. 2020b). Therefore, future studies are required for 
precise isolation and identification of each alkaloid structure, 
other than the major compound 246, using advanced char-
acterization techniques. Also, the antimicrobial, cytotoxic, 
antioxidant and enzyme inhibition potentials of the metha-
nol extract of S.alopecuroides seeds need to be investigated 
for the identification and isolation of bioactive compounds. 
In future studies, we recommend further in vivo toxicity 
assays and clinical efficacies to further evaluate different 
biomedical properties of the bioactive compounds (Zahra 
et al. 2021).

Second, prenylated isoflavonoids and matrine 246-based 
alkaloids in addition to lavandulyl flavanones and phenolic 
acids were mainly isolated from the root and rhizome parts 
of Sophora species. However, screening other parts may 
provide more chances for finding new bioactive substances, 
such as matrine-acetophenone alkaloid 281. This alkaloid 
with an unusual skeleton is mainly isolated from the seeds 
and roots of Sophora organs. While the first example of 
sparteine-indolizine (282) and the epimeric normatrine-
julolidine alkaloids with uncommon skeletons (283a and 
283b) were isolated from the roots of S. flavescens and S. 
alopecuroides, respectively.

Fig. 1    The relative percent-
age of all published chemical 
and biological reports regard-
ing Sophora species



975Genus Sophora: a comprehensive review on secondary chemical metabolites and their biological…

1 3

The class of isoflavonoids could prevent and cure some 
diseases. The various therapeutic effects of prenylated iso-
flavonoids were described in other reviews primarily through 
several biochemical, cellular, and molecular mechanisms 
(Ahn et al. 2019). However, more standardization and doc-
umentation are needed for the isolation and identification 
of the prenylated isoflavonoids to validate their health ben-
efit claims. Moreover, Prenylated isoflavonoids exhibited 
various pharmacological properties, including anticancer, 
anti-inflammatory, and antioxidant activities (Boozari et al. 
2019b; Cho et al. 2020). Further studies could contribute to 
a new era of prenylated isoflavonoids (isolated from genus 
Sophora)-based medicinal and nutraceutical agents for the 
treatment of oxidative stress mediated diseases.

Third, in the last two decades, prenylated coumarins 
displayed promising and effective pharmacological proper-
ties, including antimicrobial, anti-inflammatory, and anti-
oxidant activities (Lin et al. 2014; Hassanein et al. 2020). 
However, more research is needed to isolate and identify 
the prenylated coumarins from other Sophora species other 
than S. interrupta (the species characterized by the presence 
of di-C-prenylated coumarin 214) (Rammohan et al. 2015).

Fourth, the studies on oligostilbenes, pterocarpans and 
triterpenes are scarce when compared with the studies con-
ducted on the isoflavonoids, flavonols, flavones and alka-
loids. While the investigation of benzofuran derivatives, 
steroids, phenolic acids and chalcones compounds is still 
in the initial stage. Thus, more bioactive components could 
be identified using bioactivity guided isolation strategies.

Fifth, Fig. 3 illustrates the relative percentage of the 
secondary metabolites isolated from each Sophora species 
under investigation.

Figure 4 illustrates the type and the relative percentage 
of each chemical class isolated from Sophora species as a 
guide for further in-depth phytochemical scanning. In the 
current review, we discussed the structure–activity relation-
ships SAR (Huang and Xu 2020a; Li et al. 2020d).

These results indicated that S. flavescens and S. alopecu-
roides are the main biologically explored species ((Boozari 
et al. 2019b; Wang et al. 2020b), while other species such 
as; S. mollis, S. tomentosa, S. interrupta, and S. moorcrof-
tiana are insufficiently chemically studied. Therefore, more 
studies are needed for better understanding their chemi-
cal structures and properties to explain their biological 
activities.

Furthermore, there are still several gaps in our under-
standing of the applications of different Sophora species, 
despite many performed pharmacological studies on their 
medicinal importance. Although a large dose compound 
S. flavescens Ait injection is safe and effective to treat the 
advanced malignant tumors (recommended dose of 20 mL/
day), some in vitro and in vivo studies were conducted at 
high doses for a clinical study (Ao et al. 2019; Kianbakht 
et al. 2020). For example, doses of Sophora extracts that 
were applied to evaluate antipruritic, anti-inflammatory 
effects (administrated personally at 200 mg kg −1 of extract 
in mice) were too high for the application in clinical studies 
(Aly et al. 2019; Yoo et al. 2019). The methanol extracts 
of S. flavescens significantly inhibited a serotonin-induced 
itch-related response (scratching), a mouse model of atopic 
dermatitis. The plant and its constituents affected acute and 
chronic pruritus and could be considered as new antipruritic 
agents.

Fig. 2   Approximate distribu-
tion of the secondary metabo-
lites among Sophora species
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The different pharmacological activities performed on 
Sophora species are illustrated in Fig. 5. The collected data 
indicated extensive pharmacological studies of some spe-
cies e.g. S.alopecuroides, S. flavescens and S. tomentosa, 
while other species such as S. chrysophylla, S. exigua and 
S. viciifolia remain insufficiently studied. Other species e.g. 

S. franchetiana S. griffithii, S. korensis and S. macrocarpa, 
were pharmacologically not reported till now.

Sixth, many species of Sophora were tested as anti- her-
pesviruses (Zhou et al. 2010; Hassan, 2020). Herpesviruses 
are one of the most important viruses that infect humans and 
animals. The correlation between herpesviruses and corona-
viruses is limited to the induced complications following the 

Fig. 3   The relative percentage of major secondary metabolites isolated from each Sophora species

Fig. 4   The relative percentage of each chemical class among different Sophora species
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infections (Hassan 2020). An attention to some natural anti-
herpesvirus alkaloid compounds, which have recently been 
proven to have excellent inhibitory efficacy against SARS-
CoV-2 replication, was drawn by Hassan (2020). This was 
an attempt to explore various treatment options to combat 
COVID-19 based on available drugs with antiviral proper-
ties. Total alkaloids extracted from S. alopecuroides (TASa) 
were useful in the treatment of oral herpes catarrhalis, dental 
ulcer and herpes zoster (Zhou et al. 2010). To obtain the best 
performance, several factors affecting the encapsulation effi-
ciency of TASa binary ethosome were investigated. A trans-
membrane pH gradient active loading method to prepare 
TASa binary ethosomes was developed (Zhou et al. 2010). 
The external preparation is limited by its low percutaneous 
penetration and bitter taste.

A combination of gemcitabine with oxysophoridine 242 
had an additive antiviral effect against SARS-CoV-2 (Zhang 
et al. 2020a, b, c). Gemcitabine has been reported to block 
infection of diverse DNA and RNA viruses. Its activity 
against SARS-CoV-2 has been recently reported in Vero E6 
and Huh7 cells. Gemcitabine as an antiviral drug, is not 
yet extensively investigated, particularly in terms of SAR or 
combination with other alkaloids (Zhang et al. 2020a, b, c). 
Overall, little is known about the antiviral mode of action 
of oxysophoridine 242; thus, future studies are needed to 

determine how this alkaloid interferes with coronaviral rep-
lication (Fielding et al. 2020).

A plant gel containing S. alopecuroides extracts (as an 
antiviral agent) was prepared. A patent has described the 
use of this gel as the external preparation for treating herpes 
zoster (Google patents CN102100734A). The gel can relieve 
the pain and has less side effects.

The gut microbes are closely related to depression as 
recently suggested (Zhang et al. 2021a). The depression in 
both patients and model animals significantly altered the 
gut microbiota. A recent study indicated that S. alopecu-
roides L.-derived alkaloids improved depression in mice 
through modulating gut microbiota (Zhang et al. 2021a). 
Therefore, further studies are needed to illustrate the activity 
of other Sophora species.

Seventh, a study was conducted to develop and evaluate 
chitosan/gelatin-based S. gibbosa extract-loaded microemul-
sion as a wound dressing (Shalaby et al. 2021). The dressing 
displayed superior wound repair compared to the control in 
terms of histological examination, proliferating cell nuclear 
antigen determination and alpha-smooth muscle actin (Shal-
aby et al. 2021). Thus, this natural product-loaded microe-
mulsion-impregnated gelatin/chitosan could be a potential 
candidate for wound healing preparations.

Eighth, the potential economic use of Sophora species 
for the enhance crop yield and quality was suggested. In an 

Fig. 5   The pharmacological activities of different Sophora species
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effort to find growth-promoting strains that could be applied 
to enhance crop yield and quality, the fungal endophytes 
isolated from S. flavescens is gaining attention (Turbat et al. 
2020). The symbiotic effects of endophytic fungi in asso-
ciation with their host plant can improve plant growth and 
reduce the adverse effects of both biotic and abiotic stresses. 
The plant growth-promoting activities of endophytic fungi 
isolated from various parts of S. flavescens have been 
revealed.

Nineth, a study demonstrated the use of S. flavescens in 
antimicrobial nanoparticles coated onto carbon fiber (CF) 
filters (Sim et al. 2014). Recent studies are now focusing 
on nanosized materials and their antimicrobial activities; 
this could facilitate the preparation of CF with reduced bio-
contamination (Haroun et al. 2017; Rizk et al. 2018). This 
may be a scientific basis for controlling both gaseous and 
bioaerosol pollutants using antimicrobial CF filters coated 
with S. flavescens nanoparticles. The efficiency of Staphy-
lococcus epidermidis inactivation increased with the con-
centration of S. flavescens nanoparticles in the activated 
CF filter coating. Reported information focused on the use 
of other species nanoparticles and their pharmacological 
aspects are scarce.

Tenth, the promising results confirmed by animal models 
should be further investigated by clinical studies. For exam-
ple, SKI3301 (a purified herbal extract from S. tonkinensis), 
inhibited airway inflammation and bronchospasm in allergic 
asthma animal models (in vivo) (Yoo et al. 2017). The novel 
herbal cocktail (F-PASA) with anti-allergic properties which 
was also proved by investigating the IgE/antigen-mediated 
allergic responses in RBL-2H3 cells and passive cutaneous 
anaphylaxis in mice (Yoo et al. 2019). Other preparation 
like compound Kushen injection has combined with chemo-
therapy on postoperative patients with breast cancer as plant-
derived anticancer agents (Ao et al. 2019). The extract of S. 
alopecuroides also reduced acute opioid withdrawal symp-
toms (Kianbakht et al. 2020). It decreased the clinical opiate 
withdrawal scale score and seems to be safe and tolerable.

Conclusions and further needs

Sophora species (family Fabaceae) are intriguing medicinal 
plants and rich sources of diverse and chemical structures 
especially in terms of the alkaloids and prenylated flavo-
noids. The claimed health benefits of these classes of com-
pounds include anti-inflammatory, antiviral, anti-cancer, and 
other promising effects that were thoroughly summarized. 
However, although the current evidence is promising, further 
clinical studies are needed to evaluate the role of these com-
pounds to support human health. Besides, the mechanisms 
by which they confer the health benefits, the bioavailability 
studies on Sophora’s alkaloids and prenylated flavonoids are 

also scarce. Furthermore, Sophora species are character-
ized by rare and unique skeletons of matrine-acetophenone 
and normatrine-julolidine alkaloids type and the 2-arylb-
enzofuran dimers. Biologically, Sophora species naturally 
synthesize secondary metabolites with outstanding biologi-
cal potential, especially anti-inflammatory and anti-cancer 
activities. Sophora species are widely used in folk medicine, 
but they still deserve to be investigated for their clinical and 
medicinal properties. The current review provides details 
on some Sophora species that need further phytochemical 
and/ or pharmacological investigations. Further studies on 
this genus are recommended to study other Sophora species 
and to better correlate the bioactivity and chemical proper-
ties of these species. Moreover, S. subprostrata constituents 
could be considered as a candidate for future clinical trials 
to develop effective chemical drugs against SARS-CoV-2.
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