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Abstract Genus Erythrophleum belongs to family

Fabaceae, which is commonly found in Asia, Africa,

and Australia. Erythrophleum species have been

employed as digitalis-related drugs because of its

various effects on the heart. Medicinal plants from this

genus also bring positive results when employed as

agents to invigorate and promote blood circulation, and

as emetic drug, anesthetic, anthelmintic, anti-malaria,

analgesic, disinfectant, dermatitis, convulsion, inflam-

mation, cardiac problems, venom intoxication, head-

aches, oedemas, gangrenous wound, and rheumatism.

This account is an overview of almost isolated

compounds from this genus, along with their biological

evaluations. The literature databases for this current

manuscript were obtained from literature published

from the 1960s to now, utilizing data from ACS

journals, Taylor Francis, Springer, IOP Science, SCI-

finder, Chemical Abstracts, the Web of Science,

Scopus, Science Direct, Pub Med, and Google Scholar.

In addition, books about herbal medicines and Ph.D.

dissertations were used in relating to taxonomy and

chemical components. Genus Erythrophleum contains

the various classes of compounds, consisting of alka-

loids, terpenoids, phytosterols, saponins, flavonoids,

and their derivative glycosides. Many in vitro and

in vivo pharmacological results, such as cytotoxicity,

anti-oxidant, anti-bacterial, anti-convulsant, anti-in-

flammation, anti-cancer, anti-angiogenesis, sedative

activity, cardiac activity, and toxicity indicated that

the extracts, fractions, and isolated compounds of

Erythrophleum species can become valuable resources

for developing natural new drugs. Particularly, E. fordii

species, with the high content of alkaloids, showed

potential use for toxicological drugs. No account has

been conducted for a general view about this genus.

Further researches on isolating bioactive compounds

and determining basic mechanisms are necessary.
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KB Human epidermoid cancer cell line

HCT-8 Human colon cancer cell line

Bel-7402 Human hepatoma cell line

BGC-823 Human gastric carcinoma cell line

A549 Human lung epithelial cell line

A2780 Human ovarian cancer cell line

A375 Human malignant melanoma cell line

Hek-293 Human embryonic kidney cell line

AGS Human gastric adenocarcinoma cell

line
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BT-549 and

BT-20

Breast carcinoma cell lines

PC-3 Prostate carcinoma cell lines

SW-480 Human colon adenocarcinoma cell

line

JURKAT Human T lymphocyte cell line

MCF-7 Human breast cancer cell line

NCI-H1975 Lung adenocarcinoma cell line

NCI-H1229 Lung large cell carcinoma cell line

Ketr3 Human kidney cancer cell line

Hela Cervial carcinoma cell line

TRAIL Tumor necrosis factor (TNF)-related

apoptosis-inducing ligand

DPPH 2,2-Diphenyl-1-picrylhydrazyl

MTT 3-(4,5-Dimethyl-2-thiazolyl)-2,5-

diphenyl-2H-tetrazolium bromide

EC Epicatechin

BHT Butylated hydroxytoluene

DPI Diphenyleneiodonium

LPS Lipopolysaccharide

L-NAME L-NG-Nitroarginine methyl ester

MIC Minimum inhibitory concentration

MBC Minimum bactericidal concentration

MFC Minimum fungicidal concentration

Introduction

The genus Erythrophleum is a member of the

subfamily Caesalpinioideae of family Fabaceae and

widely distributed in Africa, Asia, and Australia

(Amoah et al. 2014; Armah et al. 2015; Ha et al.

2017; Hung et al. 2014a, b). Up to now, about fifteen

species were recorded (Ha et al. 2017; Hung et al.

2014a, b). The perennial plants of this genus are being

threatened by over-exploitation due to their critical

roles in the medicinal applications, especially they

have been the high content of cardiac alkaloids (Du

et al. 2010; Ha et al. 2017). A vast number of studies

confirmed the fact that the properties of natural

growing of plants Erythrophleum directly affected

human and livestock, but Erythrophleum species set

out to the values as traditional medicines in different

countries (Akinpelu et al. 2012). In Cameroon, the

stem aqueous extract of E. suaveolens species was

used for treating anti-convulsion, anti-inflammatory,

abortifacient, arthritis, rheumatism, cutaneous and

subcutaneous parasitic infection, dropsy, swelling,

measles, and so forth (Kablan et al. 2014; Ngoupayo

et al. 2015), or the stem bark and root of the endemic

plant E. ivorense species are particularly used for

convulsive disorder, emesis, edema, smallpox, laxa-

tive, and anti-helminthic (Armah et al. 2015). Ery-

throphleum fordii species, whose local name is Gemu,

is native to Vietnam, China, and Taiwan. In Chinese

traditional medicine, this plant was commonly intro-

duced to address invigoration, and promote blood

circulation (Du et al. 2010, 2011; Ha et al. 2017; Hung

et al. 2014a, b; Tsao et al. 2008). Phytochemical

investigation of Erythrophleum species led to the

isolation and structural elucidation of over 140

constituents. Erythrophleum alkaloids, and terpenoids

predominated over. Crude extracts, as well as sec-

ondary metabolites obtained from this genus have a

wide spectrum of biomedical properties, such as anti-

oxidant (Tsao et al. 2008), anti-bacterial (Ngounou

et al. 2005), anti-inflammatory, anti-cancer (Miya-

gawa et al. 2009), anti-angiogenesis (Hung et al.

2014a), especially most employable for cytotoxicity

(Du et al. 2011), and cardiac activity (Verrota et al.

1995).

Although Erythrophleum plants have played an

increasingly important role in drug discovery pro-

grams, up to present, there is no useful review article to

give a general insight into phytochemical and biolog-

ical activities of isolated compounds from this genus.

This given review can be seen as an overview related

to the botanical descriptions, ethnopharmaceutical

profiles, especially phytochemical investigations and

biological evaluations of Erythrophleum species.

Botany

Nomenclature

According to the database of the plant list (www.

theplantlist.org, 2019), the following accept-

able names of ten Erythrophleum species were listed

in accordance with the level of high confidence, con-

sisting of E. africanum (Benth.) Harms (synonym:

Caesalpiniodes africanum (Welw. ex Benth.) Kuntze;

Gleditsia africanaWelw. ex Benth.), E. chlorostachys

(F. Muell.) Baill., E. couminga Baill., E. fordii Oliv.,

E. ivorense A. Chev. (synonym: E. micranthum Hol-

land; E. micranthum Harms ex W. G. Craib), E.

lasianthum Corbishley (synonym: E. guineense var.
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swaziense Burtt Davy; E. suaveolens sensu auct.), E.

letestui A. Chev., E. suaveolens (Guill. & Perr.) Bre-

nan (synonym: E. guineense G.Don; Fillaea suave-

olens Guill. & Perr.), E. succirubrum Gagnep.

(synonym: E. teysmannii var. puberulum Craib), and

E. teysmannii (Kurz) Craib (synonym: Albizia cam-

bodiana Pierre; Albizia teysmanniiKurz; Entada treas

Gagnep.; E. cambodianum (Pierre) Gagnep.). Mean-

while, Kew royal botanic gardens (www.epic.kew.

org) compiled the partial list of acceptable names of

eleven Erythrophleum species, containing E. africa-

num (Benth.) Harms, E. chlorostachys Baill., E. cou-

minga Bail., E. fordii Oliv., E. guineense G. Don, E.

ivorense A. Chev., E. lasianthum Corbishley, E. le-

testui A. Chev., E. suaveolens (Guill. & Perr.) Brenan,

E. succirubrum Gagnep., and E. teysmannii (Kurz) W.

G. Craib. In particular, because of the precious prop-

erties of timber wood, all of them are threatened by

over-exploitation. Taking the perennial plant E. fordii

as an example, this species was only found in several

Asia regions, comprising Vietnam, Taiwan, and

South-Eastern China, and was also registered in IUCN

Red List 1998 with the endangered level in conver-

sation status (Nghia 1998).

Morphological characterizations

Of the botanical research related to systematic clas-

sification, genus Erythrophleum belongs to Dimor-

phandra group, subfamily Caesalpinioideae, family

Fabaceae. Regarding morphological characteriza-

tions, genus studies, Pascal et al. (2000) offered the

evidence supporting the fact that histological structure

and location of Erythrophleum glands were homolo-

gies with those of the plants in subfamily Mimosoi-

deae. However, the most striking differential feature is

that the leaf rachis glands of Erythrophelum species

are structurally simpler and smaller than those of

mimosoids, the sunken secretory surface in the pit

capped by a small round pore, the smaller number of

cells secreted nectar, vascular provide for the nectary

is less extensive, and sclerenchyma is less extensive

and less organization (Pascal et al. 2000). With the

studies of species level, A. Cronlund highlighted the

differentiation in botanical and phytochemical aspects

between two African plants E. suaveolens (Guill. et

Perr.) Brenan and E. ivorense A. Chev. As stated in

that study, the herbal plant E. suaveolens involved in

characters of the same thickness of secondary nerves,

fruit stake not in line with ventral suture, size of

leaflets was mostly 1.25 times as long as wide and

mostly obtuse to subacute at the apex, the amount of

alkaloid varied 0.3–1.5% in stem bark, and was found

in gallery or rather dry forest, while E. ivorense

species distributed in rain forest, with differential

thickness of secondary nerve, fruit stake not in line

with ventral suture, size of leaflets was mostly 2–3

times wide, and the percentage of alkaloid fluctuated

between 0.2 and 1.1% in stem bark (Cronlund 1976).

Recently, based on using taxonomic method, Duminil

et al. (2011) demonstrated the simple sequence repeats

(SSR) markers (the use of chloroplast DNA) for the

differentiation between two African species E. suave-

olens and E. ivorense, by which, E. ivorense provided

higher heterozygote deficit than E. suaveolens, owing

to higher null allele frequencies over all loci.

Traditional uses

Because of the positive signals in healthcare field,

traditional herbal drugs are always a simply available

source. Nowadays, because of more and more interest

in the extracts, fractions are further subjected to

phytochemical and biological experiments to justify

the nature and pharmacological properties of the

active components. For instance, Prismatomeris

species and their secondary metabolites provided

precious values as folk medicines can fight against

hepatitis, stomachaches, pneumoconiosis, bloody

vomiting, or can be used as poultice to fresh wounds

while the secondary metabolites from Dalbergia

species were applied to treat cardiovascular diseases,

cancer, diabetes, blood disorder, ischemia, swelling,

necrosis, or rheumatic pains (Son 2017a, b). With

respects to Erythrophleum species, in spite of the

existing multiple classes of cardiac compounds such

as alkaloids, saponins (the reason for high toxicity in

almost of parts of plants for human and livestock),

many species are being widely used for the therapeutic

purposes in various local communities in Africa, and

Asia. E. africanum species, in Congo, Zaire, Eastern-

Cameroon and India, the traditional healers empiri-

cally used the leaf decoction of this species for several

ailments including cardiovascular diseases, various

inflammations, diabetes, simple goiter, dysentery, and

diarrhea (Mohammed et al. 2014). Likewise, E.

suaveolens species locally named Obo or calling
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water tree, its stem bark mainly contained alkaloidal

constituents which were known as folk medicine in

cardiac treatments (Aiyegoro et al. 2007). The vector-

borne disease caused by parasitic infections whose

name is leishmaniasis, is likely an endemic in North,

West, East and the Horn of regional Africa and

developing countries (Armah et al. 2018). Chemother-

apeutical applications are always seeking drugs and

methods to treat these bacterial infections. Historical

records have accumulated evidence showing that the

use of traditional antibiotics, which are derived from

synthetic substances, is always accompanied by a long

duration of treatment, high costs, and drug resistances

(Son et al. 2018). Meanwhile, Nezema East-Ghanaian

has topically successfully advanced to use the poten-

tial extract of E. ivorense root bark against the growth

of leishmania protozoa, and skin related diseases

(Armah et al. 2018).

Other species, for instance, Asian E. fordii herbal

plant, have been employed in the Chinese drug

formula to invigorate and promote blood circulation

(Hung et al. 2014a). Numerous pharmacological

applications of Erythrophleum species have been

published in research papers. In the current paper,

we presented distinguished traditional uses (Table 1).

Phytochemistry

Due to the economic values, Erythrophleum species

have consequently received much more attention from

phytochemists. Nowadays, the processes of the isola-

tion, the purification, and the elucidation structure of

the interesting secondary metabolites were facilitated

by continual development of chromatographic tech-

niques such as thin layer chromatography (TLC),

chromatography column (CC), gas chromatography

(GC), and high-performance liquid chromatography

(HPLC), and spectroscopic and spectrometric analy-

ses such as nuclear magnetic resonance (NMR), mass

spectrum (MS) (Son 2017b). A large number of

phytochemical articles on the plants of genus Ery-

throphelum were performed since 1950s (Manfouo

et al. 2005; Margaret 1959; Qu et al. 2006). To a

certain extent, this review paper deals with an

overview of almost isolated compounds from this

genus, particularly in recent researches, principally

based on using chromatography methods to isolate.

Components of Erythrophleum species were classified

into a wide range, including sixty-nine Erythrophleum

alkaloids 1–69, forty-four terpenoids 70–113, five

phytosterols 114–118, two bulk saponins 119–120,

five flavonoids 121–125 and four cinnamyl derivatives

126–129, two stibenoids 130–131 and two megastig-

manes 132–133, and several other components 134–

140 (Table 2 and Figs. 1, 2, 3, 4, 5, 6, 7) (Armah 2016;

Clarke 1971; Cronlund 1973; Dade et al. 2015; Du

et al. 2010; Griffin et al. 1971; Ha et al. 2017; Hung

et al. 2014a, b; Kablan et al. 2014; Lindwall et al.

1965; Loder et al. 1972, 1974; Loder and Nearn

1975a, b; Manfouo et al. 2005; Margaret 1959;

Miyagawa et al. 2009; Nan et al. 2004; Orsini et al.

1997; Qu et al. 2006, 2007; Verrota et al. 1995; Yu

et al. 2005).

Erythrophleum alkaloids

In natural products, alkaloids, naturally occurring

chemical compounds, are famous long ago. The

proportion of alkaloids has been found to depend on

the typical parts of the plants and environmental

effects. Aniszewski (2007) suggested that alkaloids

are generated by higher plants about 10–25%.

Regarding the species in genus Erythrophleum, Ha

et al. (2017) and Cronlund (1973) suggested the

predominant content of Erythrophleum alkaloids

(0.2–1%) in the bark. Generally, these certain typical

compounds have shown to be associated with the high

toxicity. In accordance with the properties of cardiac

glycosides, Erythrophleum alkaloids were considered

as a digitalis-like action in the heart (Ha et al. 2017;

Margaret 1959). Of these isolated Erythrophleum

alkaloids 1–69 (also called cassaine alkaloids), we

show the detail analysis in the structural feature, this

pharmacologically active group was designated by

cassaine diterpenoid amines/amides, in which perhy-

drophenanthrene ring was assignable as the main

skeleton, linked to side chain at carbon C-13 contain-

ing amides or ester amines of secondary or tertiary N-

methylaminoethanol (Fig. 1) (Du et al. 2011; Fadeyi

et al. 2013; Margaret 1959; Maurya et al. 2012; Qu

et al. 2006). In most cases, it involves the extensive

interest in stereochemistry, methyl carbon C-17, and

functional groups occurred at carbons C-3, and C-7,

which established b-orientation, whereas hydroxyls

normally substituted at C-6 as a-configuration. Fur-
ther addition to structural diversity, activity-guided

fractions of E. fordii bark and leaf, and E.
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Table 1 Several tradtional uses of Erythrophleum species

Species Part

uses

Origin Ethno-pharmaceutical uses Preparation

and

administration

References

E. africanum

(Benth.)

Harms

Leaf Nigeria Poisoning wild animals, and protect big

animals

Leaf extract Mohammed et al. (2014)

Northern-

Nigeria

Sexually transmitted disease, and

abortifacient drug, leprosy

Aqueous leaf

extract

Hanssan et al. (2007)

Congo

Zaı̈re

East-

Cameroon

India

Cardiovascular disease, anti-

inflammation, diabetes simple goiter,

dysentery, and astringent

Leaf

decoction

E. fordii Oliv. Bark Vietnam

Taiwan

China

Invigoration, and promoting blood

circulation

– Du et al. (2010, 2011), Ha

et al. (2017), Hung et al.

(2014a, b) and Tsao et al.

(2008)

E.

ivorense A.

Chev.

Stem

bark

root

West-Africa Convulsive disorder, pain, edema, anti-

thelmintic drug, smallpox, laxative, and

swelling

– Armah et al. (2015) and

Wakeel et al. (2013)

Branch Ivory-Coast Chicken pox on skin Crushed

young

branch

Ogboru et al. (2017)

Bark Sierra Leone Emetic, purgative, and relieve pain. Bark extract

Ivory-Coast

Sierra Leone

Tanning Bark

decoction

E. lasianthum

Corbishley

Bark South Africa Digitalis like effects on the heart, blood

cleansing emetic drug

– Orsini et al. (1997) and

Twilley et al. (2017)

E. suaveolens

(Guill. &

Perr.)

Brenan

Stem

bark

Ghana

Togo

Sierra Leone

Emetic, purgative, anesthetic, analgesic,

anthelmintic, malaria, disinfectant, skin

disease, edema, gangrenous wound,

rheumatism, poison or repellant against

rodent and insect, tanning hide and dye

Stem bark

decoction

Akinpelu et al. (2012)

Stem

bark

Ivory-Coast Buruli ulcer infection – Dade et al. (2015) and

Kablan et al. (2014)

Stem

bark

Zaı̈re Edema, rheumatism, and asthma – Dongmo et al. (2001) and

Kablan et al. (2014)

Stem Cameroon Dermatitis, convulsion, and anti-

inflammatory

Stem aqueous

extract

Bark Cameroon Emetic, anti-inflammation, and analgesic,

wound healing, chicken pox and

gangrenous sore, and ordeal poison

Bark

decoction

Manfouo et al. (2005)

Bark Zaı̈re

Central and

Eastern

provinces of

Cameroon

Cardiovascular disease and anti-

inflammatory

Bark

decoction

Ngounou et al. (2005)

Root

bark

Nzema East

district of

Ghana

Ivory-Coast

Parasitic skin diseases – Armah et al. (2018)
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Table 2 Chemical structures from Erythrophleum species sources

No Compounds Species References

Erythrophleum alkaloids

1 4a,11-Dihydroxy-nor-cassamide E. fordii (bark) Qu et al. (2007)

2 6a-Hydroxy-dinor-cassaimide E. fordii (bark) Du et al. (2010)

3 6a-Hydroxy-dinor-erythrophlamide E. fordii (leaf) Du et al. (2010)

4 6a-Hydroxy-nor-cassamide E. fordii (bark) Hung et al. (2014a) and Qu et al. (2006)

5 6a-Hydroxy-nor-cassamine E. fordii (bark), E. suaveolens

(stem bark)

Dade et al. (2015) and Ha et al. (2017)

6 6a-Hydroxy-nor-cassamide 22-O-b-D-
galactopyranoside

E. fordii (bark) Qu et al. (2006)

7 6a-Hydroxy-nor-erythrophlamide E. suaveolens (stem bark) Kablan et al. (2014)

8 22-Acetoxy-6a-hydroxy-nor-cassamide E. suaveolens (stem bark) Kablan et al. (2014)

9 22-Acetoxy-nor-cassamide E. suaveolens (stem bark) Kablan et al. (2014)

10 3b-Acetoxydinorerythrosuamide E. fordii (leaf) Du et al. (2010)

11 3b-Acetoxynorcassamide E. fordii (bark) Hung et al. (2014a)

12 3b-Acetoxynoerythrosuamide E. chlorostachys (bark), E.

fordii (leaf)

Du et al. (2010) and Loder and Nearn

(1975a)

13 3b-Acetyl-nor-erythrophlamide E. fordii (bark) Hung et al. (2014a) and Qu et al. (2006)

14 3b-Hydroxydinroerythrosuamide E. fordii (leaf) Du et al. (2010)

15 3b-Hydroxy-nor-erythrosuamide E. fordii (leaf) Du et al. (2010)

16 3b-Hydroxy-nor-erythrosuamine E. lasianthum (seed) Verrota et al. (1995)

17 3b-Hydroxy-nor-erythrosuamide-3-O-b-D-
glucopyranoside

E. lasianthum (seed) Verrota et al. (1995)

18 3b-Tigloyl-6a-hydroxy-nor-cassamide E. fordii (bark) Qu et al. (2007)

19 3b-Tigloyloxydinorerythrosuamide E. fordii (leaf) Du et al. (2010)

20 3b-Tigloyl-11-hydroxy-nor-erythrophlamide E. fordii (bark) Qu et al. (2007)

21 3b-Tigloyl-nor-erythrophlamide E. fordii (bark) Qu et al. (2006)

22 3b-Tigloyloxynorerythrosuamide E. fordii (leaf) Du et al. (2010)

23 Cassaidine E. chlorostachys (bark), E.

guineense

Loder et al. (1974) and Margaret (1959)

24 Cassaine E. guineense (bark) Clarke (1971) and Margaret (1959)

25 Cassamidine E. chlorostachys (bark), E.

fordii (bark) E. suaveolens

(bark)

Ha et al. (2017), Loder et al. (1974) and

Throllel et al. (1968)

26 Cassamine E. fordii (bark), E. guineense Ha et al. (2017) and Margaret (1959)

27 Coumidine E. suaveolens (bark) Throllel et al. (1968)

28 Coumingidine E. couminga, E. guineense Armah (2016) and Margaret (1959)

29 Coumingine E. couminga Armah (2016) and Margaret (1959)

30 Dehydro-nor-erythrosuamide E. chlorostachys (bark), E.

guineense

Loder et al. (1972)

31 5-Dehydro-6-hydroxy-nor-cassamide E. fordii (bark) Qu et al. (2007)

32 7-Dehydro-nor-erythrosuamide E. fordii (bark) Qu et al. (2006)

33 7-Dehydro-nor-cassamidide E. fordii (bark) Qu et al. (2007)

34 8-Dehydro-nor-cassamide E. suaveolens (stem bark) Kablan et al. (2014)

35 8,9-Dehydro-nor-cassamine E. suaveolens (stem bark) Dade et al. (2015)

36 Erythroformide E. fordii (bark) Hung et al. (2014a)

37 Erythroformide A E. fordii (bark) Ha et al. (2017)

123

576 Phytochem Rev (2019) 18:571–599



Table 2 continued

No Compounds Species References

38 Erythroformide B E. fordii (bark) Ha et al. (2017)

39 Erythrophlamine E. couminga (bark), E.

guineense (bark)

Armah (2016) and Margaret (1959)

40 Erythrophleguine (6a-Hydroxycassamine) E. fordii (bark), E. guineense

(bark), E. suaveolens (bark

and stem bark)

Clarke (1971), Dade et al. (2015), Ha

et al. (2017), Lindwall et al. (1965) and

Throllel et al. (1968)

41 Erythrophlesin C E. fordii (leave), E.

succirubrum (bark)

Du et al. (2010) and Miyagawa et al.

(2009)

42 Erythrophlesin D E. fordii (leaf), E.

succirubrum (bark)

Du et al. (2010) and Miyagawa et al.

(2009)

43 Erythrophlesin E E. fordii (leaf) Du et al. (2010)

44 Erythrophlesin F E. fordii (leaf) Du et al. (2010)

45 Erythrophlesin G E. fordii (leaf) Du et al. (2010)

46 Erythrophlesin H E. fordii (bark) Hung et al. (2014b)

47 Erythrophlesin I E. fordii (bark) Hung et al. (2014b)

48 Erythrosuamine E. fordii (bark), E. suaveolens

(bark)

Ha et al. (2017) and Throllel et al. (1968)

49 Erythrosuavine E. suaveolens (stem bark) Manfouo et al. (2005)

50 Ivorine E. ivorense (bark) Cronlund (1973)

51 3-(3-Methylcrotonyl)cassaine E. ivorense (bark) Cronlund (1973)

52 Nor-cassaide E. suaveolens (stem bark) Ngounou et al. (2005)

53 Nor-cassaidide E. chlorostachys (bark) Loder et al. (1974)

54 Nor-cassaidine E. chlorostachys (bark) Loder et al. (1974)

55 Nor-cassamide E. fordii (bark) Hung et al. (2014a) and Qu et al. (2006)

56 Nor-cassamidide E. chlorostachys (bark), E.

fordii (bark)

Loder et al. (1972, 1974) and Qu et al.

(2007)

57 Nor-cassamidine E. chlorostachys (bark), E.

guineense

Loder et al. (1972, 1974)

58 Nor-cassamine E. suaveolens (stem bark), E.

guineense

Dade et al. (2015) and Loder et al.

(1972)

59 Nor-erythrophlamide E. chlorostachys (bark), E.

fordii (bark)

Hung et al. (2014a), Loder et al. (1974)

and Qu et al. (2007)

60 Nor-erythrophlamine E. chlorostachys (bark) Loder et al. (1974)

61 Norerythrostachaldide 3b-acetate E. chlorostachys (bark) Loder and Nearn (1975b)

62 Norerythrostachaldine E. chlorostachys (bark) Loder and Nearn (1975b)

63 Norerythrostachaldine 3b-acetate E. chlorostachys (bark) Loder and Nearn (1975b)

64 Nor-erythrostachamide E. chlorostachys (bark) Loder et al. (1974)

65 Nor-erythrostachamine E. chlorostachys (bark) Loder et al. (1974)

66 Nor-erythrosuamide E. chlorostachys (bark), E.

fordii (bark), E. guineense

Loder et al. (1972) and Qu et al. (2006)

67 Nor-erythrosuamide 22-O-b-D-galactopyranoside E. fordii (bark) Qu et al. (2006)

68 Nor-erythrosuamin E. fordii (bark) Ha et al. (2017)

69 Norerythrosuaveolide E. suaveolens (stem bark) Ngounou et al. (2005)

Terpenoids

70 6a-Hydroxy-cassamic acid, methyl ester E. fordii (bark), E. suaveolens

(stem bark)

Dade et al. (2015) and Ha et al. (2017)

71 Betulinic acid E. fordii (bark), E. ivorense

(root bark)

Armah et al. (2015) and Nan et al. (2004)
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Table 2 continued

No Compounds Species References

72 b-Amyrin E. suaveolens (stem) Ngoupayo et al. (2015)

73 b-Amyrin acetate E. fordii (leaf) Tsao et al. (2008)

74 b-Amyrinone E. fordii (leaf) Tsao et al. (2008)

75 b-D-glucopyranosyl 6a-hydroxy-cassamate E. fordii (leaf) Du et al. (2011)

76 3b-Hydroxy-cassamic acid, methyl ester E. suaveolens (stem bark) Dade et al. (2015)

77 4b-Carboxymetoxy-14-methyltotarol E. suaveolens (stem bark) Dade et al. (2015)

78 Cassaic acid E. ivorense (bark) Cronlund (1973)

79 Cassaidic acid E. ivorense (bark) Cronlund (1973)

80 Cassamic acid E. ivorense (bark) Cronlund (1973)

81 Cassaminic acid E. guineense Miyagawa et al. (2009)

82 Cycloartanol E. fordii (leaf) Tsao et al. (2008)

83 3,11-Dioxoolean-12-ene-30-oic acid E. fordii (leaf) Tsao et al. (2008)

84 Erythrofordin A E. fordii (leaf) Miyagawa et al. (2009) and Tsao et al.

(2008)

85 Erythrofordin B E. fordii (leaf) Tsao et al. (2008)

86 Erythrofordin C E. fordii (leaf) Tsao et al. (2008)

87 Erythrofordin T E. fordii (bark) Ha et al. (2017)

88 Erythrofordin U E. fordii (bark) Ha et al. (2017)

89 Erythrofordin V E. fordii (bark) Ha et al. (2017)

90 Erythrophlesin A E. succirubrum (bark) Miyagawa et al. (2009)

91 Erythrophlesin B E. succirubrum (bark) Miyagawa et al. (2009)

92 Ethyl 3b-hydroxy-erythrosuamate E. fordii (leaf) Du et al. (2011)

93 Ethyl 3b-acetoxy-erythrosuamate E. fordii (leaf) Du et al. (2011)

94 Ethyl 3b,6a-dihydroxy-cassamate E. fordii (leaf) Du et al. (2011)

95 Erythroivorensin E. ivorense (root bark) Armah et al. (2015)

96 Friedelin E. fordii (leaf) Tsao et al. (2008)

97 Glutin-5-ene-3-b-O-acetate E. fordii (leaf) Tsao et al. (2008)

98 Glutinol E. fordii (leaf) Tsao et al. (2008)

99 Glutinone E. fordii (leaf) Tsao et al. (2008)

100 Lupenone E. fordii (leaf) Tsao et al. (2008)

101 Lutein E. fordii (leaf) Tsao et al. (2008)

102 Methyl erythrosuamate E. fordii (bark) Ha et al. (2017)

103 Methyl 8-dehydrocassaiate E. guineense (bark) Clarke (1971)

104 Methyl 3b-acetoxy-erythrosuamate E. fordii (leaf) Du et al. (2011)

105 Methyl 3b-hydroxy-erythrosuamate E. fordii (leaf) Du et al. (2011)

106 Morolic acid acetate E. fordii (bark) Nan et al. (2004)

107 Nor-erythrofordin A E. fordii (leaf) Miyagawa et al. (2009) and Tsao et al.

(2008)

108 Squalene E. fordii (leaf) Tsao et al. (2008)

109 20S,24S-Epoxy-23S,25-dihydroxy-dammarane-3-

one

E. fordii (bark) Nan et al. (2004)

110 20S,24S-Epoxy-dammarane-3b,25-diol E. fordii (bark) Nan et al. (2004)

111 Taraxerol E. fordii (leaf) Tsao et al. (2008)

112 Taraxerone E. fordii (leaf) Tsao et al. (2008)
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Table 2 continued

No Compounds Species References

113 15Z-[Dodecahydro-18-hydroxymethyl-17,19,20-

trimethyl-15(1H)-phenanthrenylidene]-acetic

acid-16-O-b-D-glucopyranoside

E. fordii (bark) Yu et al. (2005)

Phytosterols

114 5a-Stigmasta-7,22-diene-3b-ol E. fordii (leaf) Tsao et al. (2008)

115 5-Stigmasten-3b,7b-diol E. fordii (leaf) Tsao et al. (2008)

116 b-Sitosterol E. fordii (bark and leaf), E.

suaveolens (stem)

Ngoupayo et al. (2015), Tsao et al.

(2008) and Yu et al. (2005)

117 Stigmasterol E. fordii (leaf) Tsao et al. (2008)

118 Stigmast-4-ene-3b,6b-diol E. fordii (leaf) Tsao et al. (2008)

Saponins (Triterpenoid glycosides)

119 3b-O-{b-D-xylopyranosyl-(1 ? 4)-[b-D-
xylopyranosyl-(1 ? 2)]-b-D-glucopyranosyl}-
2a-hydroxyolean-12-en-28-O-[b-D-
glucopyranosyl-(1 ? 6)-b-D-glucopyranosyl-
(1 ? 2)-a-L-rhamnopyranosyl] ester

E. fordii (leaf) Du et al. (2011)

120 3b-O-{b-D-xylopyranosyl-(1 ? 4)-[b-D-
xylopyranosyl-(1 ? 2)]-b-D-xylopyranosyl}-2a-
hydroxyolean-12-en-28-O-[b-D-glucopyranosyl-
(1 ? 6)-b-D-glucopyranosyl-(1 ? 2)-a-L-
rhamnopyranosyl] ester

E. fordii (leaf) Du et al. (2011)

Flavonoids

121 Afzelin E. fordii (leaf) Tsao et al. (2008)

122 Eriodictoryl E. ivorense (root bark) Armah et al. (2015)

123 Robinetinidol E. fordii (bark) Yu et al. (2005)

124 Suaveolensone B E. suaveolens (stem) Ngoupayo et al. (2015)

125 Taxifolin E. fordii (bark) Yu et al. (2005)

Cinnamyl derivatives

126 b-Dimethylaminoethylcinnamate E. chlorostachys (leaf) Griffin et al. (1971)

127 N-2-Hydroxyethylcinnamamide E. chlorostachys (leaf) Griffin et al. (1971)

128 N-2-hydroxyethyl-N-methyl cinnamamide E. chlorostachys (leaf) Griffin et al. (1971)

129 N-2-hydroxyethyl-N-methyl-trans-p-

hydroxycinnamamide

E. chlorostachys (leaf) Griffin et al. (1971)

Stilbenoids

130 Suaveolensone A E. suaveolens (stem) Ngoupayo et al. (2015)

131 Resveratrol 3-O-b-D-glucopyranoside E. lasianthum (seed) Orsini et al. (1997)

Megastigmanes

132 Blumenol A E. fordii (leaf) Tsao et al. (2008)

133 (3S,5R,6R,7E,9R)-Megastigman-7-ene-3,5,6,9-

tetraol

E. fordii (leaf) Tsao et al. (2008)

Other components

134 D-Pinitol E. fordii (leaf) Tsao et al. (2008)

135 D-(?)-Sucrose E. fordii (leaf) Tsao et al. (2008)

136 3,4-Dihydroxybenzaldehyde E. suaveolens (stem) Ngoupayo et al. (2015)

137 4-Hydroxybenzaldehyde E. suaveolens (stem) Ngoupayo et al. (2015)

138 Echinulin E. fordii (leaf) Tsao et al. (2008)

139 Gallic acid E. fordii (leaf) Tsao et al. (2008)

140 Loliolide E. fordii (leaf) Tsao et al. (2008)
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Fig. 1 Erythrophelum alkaloids from genus Erythrophleum
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Fig. 2 Terpenoids from genus Erythrophleum
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succirubrum bark led to the isolation of seven new

Erythrophleum alkaloids erythrophlesins C-I (41–47),

which belongs to complicated cassaine diterpenoid–

diterpenoid amides/amines dimer (Cronlund 1973;

Hung et al. 2014b; Du et al. 2010). Overall,

Erythrophleum alkaloids in types of monomers, and

dimers can be seen as chemotaxonomic indicators for

not only this genus but also Fabaceae family.

Terpenoids

Terpenoid derivative compounds were obtained as the

second major components from genus Erythrophleum.

We compiled the occurrences of diterpenoid/triter-

penoid phytoconstituents 70–113 from bark, stem

bark, root bark, and leaf of five species E. fordii, E.

suaveolens, E. guineense, E. ivorense, and E. suc-

cirubrum (Table 1 and Fig. 1). In the same manner

with Erythrophleum alkaloids, in the comprehensive

analysis of chemical structure, terpenoids mostly

appeared as derivatives of cassaine type diterpenoid

acid. Obviously, secondary metabolites as terpenoids

and also Erythrophelum alkaloids had successfully

been isolated as free compounds, meanwhile, their

glycosides were established by b-D-glycopyranosyl/b-
D-galactopyranosyl moieties at N-methy-

laminoethanol side chains or at carbon C-3 (Figs. 1,

2). As mentioned above, apart from the isolation of

seven new dimers of cassaine diterpenoid amides/

amines, two other dimers, namely erythrophlesins A-B

(90–91), were isolated from the methanol extract of E.

succirubrum bark (Fig. 1) (Miyagawa et al. 2009). To

date, eighteen triterpenoids of total isolated terpenoids

were obtained from Erythrophleum species, especially

in terms of E. fordii species (Table 2 and Fig. 2).

Phytosterols and saponins (triterpenoid

glycosides)

Besides the common chemical compounds b-sitosterol
(116) and stigmasterol (117), the three remaining

phytosterols were also obtained from E. fordii leaf,

including 5a-stigmasta-7,22-diene-3b-ol (114),

5-stigmasten-3b,7b-diol (115), and stigmast-4-ene-

3b,6b-diol (118) (Table 2 and Fig. 3) (Ngoupayo et al.

2015; Tsao et al. 2008). Taking saponins into consid-

eration, the phytochemical investigation reported the

isolation of only two new saponins 119–120 from 95%

ethanol extract of E. fordii leaf (Table 2 and Fig. 4)

(Du et al. 2011). According to the article, NMR

spectroscopies of two significant compounds 119–120

indicated the same aglycone of 2a,3b-dihydroxy-
olean-12-en-28-oic acid (maslinic acid), whereas the

part of glycones was made up of linkage amongst b-D-

Fig. 2 continued
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glucopyranosyl, b-D-xylopyranosyl, and a-L-
rhamnopyranosyl units (Du et al. 2011).

Flavonoids and cinnamyl derivatives

Flavonoids widely distributed in nature. Recently, by

utilizing chromatography technique, phytochemical

studies on genus Erythrophleum also elucidated the

existence of a new compound named suaveolensone B

(124) and four known flavonoids 121–123, 125 in the

bark, root bark, stem or with leaf of E. fordii, E.

ivorense, and E. suaveolens (Table 2 and Fig. 5)

(Armah et al. 2015; Ngoupayo et al. 2015; Tsao et al.

2008; Yu et al. 2005). With regards to cinnamyl

Fig. 3 Phytosterols from genus Erythrophleum

Fig. 4 Saponins from

genus Erythrophleum
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derivatives, from the E. chlorostachys leaf, growing in

Mareeba–North Queensland–Australia, four cinnamyl

derivatives 126–129were isolated (Griffin et al. 1971).

However, based on the synthetic reaction method, the

authors suggested that compounds 127–129 might

possibly behave as artifacts of isolation. In agreement

with that, the results in isolating from E. chlorostachys

leaf collected from Cooktown–North Queensland did

not show the presence of these cinnamyl phenols but

contained alkaloid esters of diterpenoid acids as in

other related Erythrophleum species (Griffin et al.

1971).

Stilbenoids and megastigmanes

To achieve further results in phytochemical investi-

gations of Erythrophleum species, one new stilbenoid

suaveolensone A (130), and one stilbenoid glucoside

resveratrol 3-O-b-D-glucopyranoside (131) were pre-

cipitated out of Cameroonian E. suaveolens stem

chloroform extract and South African E. lasianthum

seed water extract, respectively (Table 2 and Fig. 6)

(Ngoupayo et al. 2015; Orsini et al. 1997). Following

the work of Tsao et al. (2008), the leaf of Vietnamese

E. fordii species was selected for chemical investiga-

tions. Apart from the popular cassaine type diter-

penoids, phytochemical analysis of methanol crude

extract led to the isolation of two known megastig-

manes 132–133 (Table 2 and Fig. 6). The difference

between Vietnamese and African Erythrophleum

plants in phytochemical results induced a conclusion

that natural factors such as geographies, temperatures,

time collections have significantly been affecting the

kinds of compounds.

Other components

Considering other constituents, seven secondary

metabolites 134–140were isolated from Asian species

E. fordii leave and African species E. suaveolens stem,

comprising D-pinitol (134), D-(?)-sucrose (135), ben-

zaldehyde derivatives 136–137, echinulin (138), gallic

acid (139), and loliolide (140) (Table 2 and Fig. 7)

(Ngoupayo et al. 2015; Tsao et al. 2008). Obviously,

there have been different performances between either

species or areas. Consequently, further studies need

developing on the effects of environmental factors.

Fig. 5 Flavonoids and cinnamic derivatives from genus Erythrophleum
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Pharmacological activities

Cytotoxic assay

The cytotoxic evaluations seem to be the most

important content in many research of genus

Erythrophleum. The cytotoxic activities of chemical

constituents of Erythrophleum species related to their

structure and the organisms that they affect.

In the course of the cytotoxic investigation, from

the selective bioactivity-guided fractions ethyl acetate

(against cell lines KB and A2780 with the IC50 values

Fig. 6 Stibenoids and megastigmanes from genus Erythrophleum

Fig. 7 Other constituents from genus Erythrophleum
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of 0.08, and 3.1 lg/mL, respectively), and n-butanol

(against cell line A2780 with the IC50 value of

1.26 lg/mL), the eight cassaine diterpenoid amines

and amides 4, 6, 13, 21, 32, 55, 66, and 67 were

isolated (Qu et al. 2006). These compounds indicated

cytotoxic selection (IC50\ 10 lg/mL) against human

cancer cell lines A2780, KB, Bel-7402, BGC-823,

MCF-7, HCT-8, Hela, PC-3 M, A549, and Ketr3,

except for compounds 4, 32, and 66 (to establish

selective weak or no cytotoxic activities, which might

possibly be caused by the appearance of 6-keto-7b-
hydroxy group). It is similar to three components 75,

and 104–105, in which glycosylations of N-methy-

lethanolamide side chain arising from compounds 6,

and 67 induced the weak inhibitory effects on several

cell lines such as BGC-823, or A549 (Qu et al. 2006).

Beside phytochemical investigations on Chinese E.

fordii species, the cytotoxic assay was also focused, in

which three new diterpenoids 92–94 (compounds

contained the same terminal ethyl group), and the

cassaine diterpenoid amide 3 (compound composed of

3b-hydroxy-6a-hydroxy-7-keto group) showed cyto-

toxic activity against five cell lines HCT-8, Bel-7402,

BGC-823, A549, and A2780, with the moderate IC50

values of 0.52–8.68 lM, as compared with the IC50

values of 0.29–12.51 lM of positive control camp-

tothecin (Du et al. 2010, 2011).

Four cassaine diterpenoid–diterpenoid amide

dimers 41, and 43–45 have displayed selective

inhibitory effects in cytotoxic activities, for instance,

two new compounds erythrophlesins F-G (44–45)

exerted strongly selective cytotoxic inhibition against

A2780 with the IC50 values of 4.54, and 7.40 lM,

respectively (Du et al. 2010).

With regard to three components 75, 104–105

(compounds show methyl, or sugar terminal units in

ester moieties at carbon C-13), these three compounds

were inactive in cytotoxic assays (Du et al.

2010, 2011), which is similar to the case of compounds

2, 10, 12, 14–15, 19, and 22. It can be clearly

concluded that experimental outcomes depended on

the effects of terminal units of side chain carbons

C-13. It should be noted that according to the author’s

conclusion, the length of alkoxyl side chain carbon

C-13 also caused inactive or active signals in cytotoxic

activity (Du et al. 2011).

The dose’s dependent manners of 3–30 lM of a

new unusual compound erythrophlesin H (46) was

spontaneously treated with the panel of human cancer

cell lines A549, MCF-7, PC-3, and HepG2, thereby

collecting the potential IC50 values of 24.5, 17.2, 12.5,

and 25.2 lM respectively. However, in the same

manner, erythrophlesin I (47) exerted the weak IC50

values, as compared with those for effective reference

compound camptothecin (IC50 0.54–1.02 lM) (Hung

et al. 2014b). Relating to the structure between

erythrophlesin H–I (46–47), the additional b–OH
group at carbon C-3 in compound 47 was likely to

reduce the cytotoxic capacity.

The last study is in terms of cytotoxic effects of

thirteen isolated compounds 5, 25–26, 37–38, 40, 48,

68, 70, 87–89, and 102 isolated from Vietnamese E.

fordii species, in which Ha et al. (2017) pointed out

that the alkaloid N-methylethanolamine derivatives

37–38, and 68 revealed stronger IC50 0.4–3.3 lM than

IC50 1.9–5.9 lM for N-dimethylethanolamine deriva-

tives 5, 25–26, and 40, against three human non-small

lung cancer cell lines A549, NCI-H1975, and NCI-

H1299. In contrast, all tested terpenoids 70, 87–89,

102, and the alkaloid erythrosuamine (48) did not

show active (IC50[ 10 lM). Camptothecin was also

applied as a positive control (IC50 0.7, 1.2, and 0.8 lM
for A549, NCI-H1975, and NCI-H1299 respectively).

As far as the article showed, compound 48 was not

comparable with the same class N-dimethylethanola-

mine derivatives 5, 25–26, and 40 because of the

appearing 6-keto-7-hydroxy group (Ha et al. 2017).

Generally, the recent cytotoxic experiments merely

focused on Vietnamese, and Chinese E. fordii species

(Du et al. 2011; Hung et al. 2014a, b; Qu et al. 2006).

The remarkable compounds were assignable to active

akaloids or terpenoids of cassaine nuclear. Cassaine

diterpenoids dimer typicals showed better selectivities

than monomers. The relationship between the struc-

tural feature and the cytotoxic activity was high-

lighted, in which the N-methylethanolamine

derivatives showed stronger activities than N-

dimethylethanolamine derivatives. In addition,

6-keto-7-hydroxy groups, glycosylations of N-methy-

lethanolamide side chains, or substituents at carbon

C-3 might be the reasons for negative signals in the

cytotoxic IC50 values, whereas the long alkoxyl side

chain of possibly took part in advancing the positive

signals.
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Anti-microbial activity

As well as the applications in natural drugs, the

bioactive compounds from natural plant against

pathogenic infections are also frequently sought in

the experiments. Herein, two constituents 52, and 69

were isolated from Cameroonian E. suaveolens stem

bark, in which both nor-cassaide (52), and nor-

erythrosuaveolide (69) could be considered as good

candidates (MIC 9.76 lg/mL) against the growth of

yeast Candida krusei; compound 69 also gave the

significant MIC values of 9.76, and 19.5 lg/mL in

inhibiting two pathogenic strains Neisseria gonor-

rhoeae, and Candida krusei, respectively (Ngounou

et al. 2005).

Anti-oxidative activity

In the DPPH assessment of antioxidant activity, only

gallic acid (139) was briefly reported to have the best

free radical scavenging capacity of 85.6%, and

appeared to be identical with positive control trolox

(85.7%) (Tsao et al. 2008). In other experiments, two

new hopeful anti-inflammatory agents, namely suave-

olensone B (124), and suaveolensone A (130),

demonstrated the IC50 values of 0.19, and 0.27 lg/
mL, respectively, and showed better free radical

scavenging capacity than that of reference compounds

caffeic acid (1.82 lg/mL), and ascorbic acid (2.34 lg/
mL) (Ngoupayo et al. 2015).

Anti-inflammation

Inflammation can be seen as a part of the complex

biological response of body tissues to harmful stimuli,

such as irradiation, physical damage, metabolic over-

load, or infection (Son 2017b). Nowadays, modern

diseases, for instance, cardiovascular and neurode-

generative disorders diseases are most closely related

to inflammatory, and suppressing NO and ROS

production is recognized to be a useful strategy for

this problem. On the screenings of anti-inflammatory,

by using mode of Lipopolysaccharides (LPS)-induced

iNOS-dependent NO production, and NOX-dependent

ROS production in microglial cells, Tsao et al. (2008)

indicated, on the one hand, the latent triterpenoid

taraxerol (111) (IC50 24.2 lM) revealed the effect on

inhibiting NOS activity, and comparable to the IC50

value of 25.8 lM of nitric oxide synthase inhibitor

L-NAME. As shown in the percentages of NOX

inhibition, at 50 lM, megastigmane 133, and mono-

phenol 139 possessed the highest rate of 21–25%, in

the meantime the lowest one of 0.0 ± 3.3% was

assignable to isolated compound b-amyrinone (74), as

compared to positive control DPI (85.1%) (Tsao et al.

2008).

Paw swelling, the in vivo anti-inflammatory model

is introduced as one of the most convenient ways, in

which the stimuli such as polysaccharide carrageenan

was injected via footpads of animals to access the role

of useful anti-inflammatory drugs response for a

variety of irritants, or immune challenges (Otterness

and Moore 1988). Followed by the mode of car-

rageenan injection into chick paws (seven old days,

40–60 g), all doses (3–100 mg/kg p.o) of the major

constituents of Adukrom-Ghanian E. ivorense root

bark, compounds 71, 95, and 122 displayed either

comparable or better anti-edema activity as positive

control diclofenac, with the time course edema

reduction of 2–5 h (Armah et al. 2015).

Anti-cancer

Numerous compounds of natural plants were

described as anti-cancer drugs, and the kinds of

alkaloids, and terpenoids having dimer properties are

some of them. Indeed, followed by the combination

with tumor necrosis factor-related apoptosis-inducing

ligand (TRAIL) (100 ng/mL), at 10 lM, new unprece-

dented alkaloid erythrophlesins C (41), together with

two new diterpenoid dimers erythrophlesins A–B (90–

91), induced the respective decreases of 37, 36, and

25% in the viability of human gastric adenocarcinoma

(AGS) cell line, when compared with those in absence

of TRAIL (Pascal et al. 2000).

In conjunction with cytotoxic assays, in order to

understand insight on the mechanism of in vitro

apoptotic inductions of erythroformide B (38) on three

non-small cell lung cancer cell lines A549, NCI-

H1975, and NCI-H1229, as well as erythrophlesin H

(46) on PC-3 protate cancer cells, Hung et al. (2014b),

and Ha et al. (2017) provided the apoptotic assays in

annexin V-FLUOS/PI double staining followed by

flow cytometry method. The percentages of apoptosis,

and annexin V-FITC-stained cells increased in all

tested cell lines at concentration-dependent manners

of 0.3, and 3 lM for 38, and 3, 10, and 30 lM for 46.

For example, erythrophlesin H (46) induced apoptosis
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in PC-3 cell from 0 to 10% for 48 h, especially in

terms of the late stage apoptosis (Hung et al. 2014b).

Anti-angiogenesis

Up to now, the only biological evaluation has been

performed is in screening the anti-angiogenic effects

of phytoconstituents. Using Matrigel assay as a

method of examining the inhibitory effects on the

capillary-like structure formation of human umbilical

vein endothelial cells (HUVECs), Hung et al. (2014a)

demonstrated that six isolated compounds 4, 11, 13,

36, 55, and 59were derived from Vietnamese E. fordii

bark, which remarkably suppressed tube-like structure

formation at concentration 3 lg/mL, especially in

terms of 3b-acetyl-nor-erythrophlamide (13), and the

reference compound curcumin decreased up to 42, and

45% versus the control. In conjunction with this, the

lactate dehydrogenase (LDH) toxicity model provided

further evidence what compound 13 (3–30 lg/mL)

caused for the minute toxicity on HUVECs. Lastly, at

the dose of noncytotoxic high concentration 30 lg/
mL, component 13 significantly reduced the formation

of tube-like structure up to 4.5% of the control (Hung

et al. 2014a).

Cardiac activity

In spite of the fact that either the pharmacologically

active Erythrophleum alkaloids can be seen as major

phytochemical characterization of this genus or their

properties related heart circumstances, the important

information involved in the biological reports on

safety therapeutic approach to the treatment of cardiac

heart failure is limited. In spontaneously beating atria,

compound 16, and its 3-O-b-D-glucopyranoside 17,

along with reference compound ouabain, on the one

hand, induced a positive inotropic effect with the

EC50s values of 0.45, 0.65, and 0.71 lM respectively

(Verrota et al. 1995). On the other hand, both 3b-
hydroxy-nor-erythrosuamine (16), and its glucoside

derivative 17 were active in repressing the Na?/K?-

ATPase activity (an electrogenic trans-membrane

ATPase enzyme isolated from bovine cardiac sar-

colemmal vesicles) with the IC50s values of 2, 20 lM
respectively, and comparable with that of ouabain

(10 lM) (Verrota et al. 1995).

Pharmacological activities of extracts

As a part of rapid structural determination research,

Qu et al. (2007) showed that the ethyl acetate fraction

of 95% ethanol crude extract of Chinese E. fordii bark

possessed cytotoxic effects on cell lines KB (IC50

0.08 lg/mL) and A2780 (IC50 3.1 lg/mL) in MTT

test, while n-butanol fraction indicated cytotoxic

activity against cell line A2780 with the IC50 value

of 1.26 lg/mL. To investigate further, Fadeyi et al.

(2013) dealt with the in vitro anticancer screening by

using several Nigerian plant extracts. Among them,

the methanol crude extract of E. suaveolens species

indicated the highest latent value of 100% inhibition

on three human cancer cell lines BT-549, BT-20, and

PC-3 at concentrations of 20, and 200 lg/mL. This

extract also established the strongest cytotoxic IC50

value of 0.2–1.3 lg/mL on six cell lines BT-549, BT-

20, PC-3, SW-480, JURKAT, and MCF-7 (the criteria

of cytotoxicity activity for the crude extracts estab-

lished by the American national cancer institute is the

IC50 value\ 30 lg/mL). Having the resemblance in

the result, regarding the in vitro cytotoxic screening

against HepG2 of twenty-two selective extracts of

Tanzanian plants, the methanol extract of E. zimmer-

mannii root indicated the strongest IC50 value of

17.1 ± 1.1 lg/mL (Choi et al. 2015). In other aspects,

the 50% ethanol–water extract of Thai E. succirubrum

twig has been shown to associate with inhibitory

effects against cell lines HepG2, and Vero with the

IC50 values of 207.89 ± 40.89, and

94.18 ± 29.10 lg/mL, and SI toward 0.4, as com-

pared with those of positive control melphalan at

39.79 ± 7.62, 178.98 ± 15.25 lg/mL, and 4.5,

respectively (the selectivity index (SI) is the IC50

ratio in Vero cells versus HepG2 cells, SI value[ 3 is

considered to have high selectivity) (Weerapreeyakul

et al. 2016).

In searching for anti-bacterial plants, at 1:10

dilution, the 95% ethanol extract of fresh leaf of

South-Eastern Nigerian E. suaveolens species sup-

pressed the growth of Basidiobolus haptosporus, and

Basidiobolus ranarum up to the twelfth day, but failed

with fungal strains Aspegillus fumigatus, Geotrichum

candidum, and Candida albicans (Nwosu and Okafor

1995). As for additional information concerning about

anti-bacterial assay, the rich condensed tannin fraction

(0.865 mg EC/mL) of ethanol–water 70/30 (v/v)

extract of the trunk of Akounou-Cameroonian E.
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guineense species achieved theMIC value of 1.25 mg/

mL against Staphylococcus aureus, Salmonella enter-

ica and Escherichia coli, Candida albicans, Candida

krusei, Candida parapsilosis, and 2.5 mg/mL against

Shigella flexneri. It also showed the MBC value (or

MFC value) varied from 1.25 mg/mL (Staphylococcus

aureus, Candida krusei, Candida Candida parapsilo-

sis) to 5 mg/mL (Salmonella enterica, Shigella

flexneri, Candida albicans, and Escherichia coli)

(Joseph et al. 2016). In other case, the outcome of

preliminary experiment related to the anti-bacterial

potential efficacy of several fractions of E. suaveolens

stem bark on twelve bacterial strains Bacillus subtilis

(NCIB 3610), Staphylococcus aureus (NCIB 8588),

Staphylococcus aureus (ATCC 5538), Staphylococcus

aureus (LIO), Streptococcus faecalis (ATCC 6569),

Micrococcus luteus (NCIB 196), Escherichia coli

(ATCC 1175), Pseudomonas putida (ATCC 77483),

Pseudomonas fluorescens (ATCC 3756), Proteus

vulgaris (NCIB 67), Serratia marcescens (NCIB

1377), and Klebsiella pneumonia (ATCC 6380), in

which aqueous, and chloroform fractions ranged the

MIC values of 0.625–2.5, 0.313–5.0 mg/mL respec-

tively, as compared to range of 0.0313–0.5 mg/mL of

positive control streptomycin (Nwosu and Okafor

1995). In addition, by increasing the aqueous fraction

concentrations from 0.078 to 0.625 mg/mL, 40–80%

of test organisms was killed over a 2 h period.

Similarly, the leaf extracts of Kaduna-Nigerian E.

africanum species took part in anti-bacteria assay

(Mohammed et al. 2014). Following by the agar

diffusion method, the results pointed out that all of the

four extracts, including n-hexane, chloroform, ethyl

acetate, n-butanol, and aqueous showed they did not

inhibit the growth of bacteria Streptococcus feacalis,

Salmonella typhi, and Candida krusei. Meanwhile, the

item of n-butanol gave the highest growth inhibitory

zone of 36 mm diameter on Staphylococcus aureus

and the lowest number of 12 mm was observed for

Proteus vulgaris deduced from n-hexane extract

(Mohammed et al. 2014).

From in vitro anti-leishmanial explore, the signif-

icant IC50 value of 2.97 lg/mL of E. ivorense rook

bark methanol extract could be proportional to the

IC50 value of 2.4 lg/mL of positive control ampho-

tericin, and better than that of its several fractions

(Table 3) (Armah et al. 2018).

In the efforts to evaluate traditionally used medic-

inal plant in South Africa, in DPPH test, E. lasianthum

ethanol extract revealed the IC50 value of

5.25 ± 0.08 lg/mL, as compared with the valuable

plant Syzygium jambos (IC50 1.17 ± 0.30 lg/mL) or

the positive control ascorbic acid (IC50

1.98 ± 0.01 lg/mL), but showed insignificant value

(IC50[ 1000 lg/mL) in NO scavening and cytotoxic

assays (IC50[ 200 lg/ml for cell lines HeLa and

Hek-293, 147.00 ± 3.00 lg/mL for A431,

58.60 ± 2.00 lg/mL for A375) (Twilley et al. 2017).

Basing on the preliminary analytic result of toxi-

city, the 75% methanol crude extract (CME) of Osun-

Nigerian E. ivorense stem bark (the LD50 value was

87 mg/kg for male Swiss mice), and its fractions n-

hexane (HF), dichloromethane (DCMF), and ethyl

acetate (EAF) were further screened in anti-convul-

sant and sedative activities (Wakeel et al. 2013). As

the results, in contrast to the insignificant results of HF

and DCMF fractions, both CME and EAF (20 mg/kg)

indicated significantly in prohibiting the onset and

shortening the duration of pentylenetetrazole and

picrotoxin-induced convulsion, but failed to delay

the strychnine role. Similarly, two items CME and

EAF also prolonged the time of sodium pentobarbital-

induced hypnosis in dose-dependent manners (5, 10,

and 20 mg/kg) (Wakeel et al. 2013).

Because of the high total phenolic content, the

toluene/ethanol extract of Cameroonian E. suaveolens

wood took good responsibilities for DPPH antioxidant

in vitro test with the CE50 value of 3.1 mg/L, when

compared to these values of 5.5, 3.9, 4.0, and 2.0 mg/L

for Pterocarpus soyauxii, Distemonanthus benthami-

anus, BHT, and catechin, respectively (Saha et al.

2013). So far, experiment on the aqueous fresh leaf

extract of this plant, with a dose of 5.0 mg/kg body

weight/day, has possibly no observable toxicity effect

on rabbits irrespective of sex (Abia et al. 2009).

In other toxicological studies, Sokoto-Nigerian E.

africanum aqueous extract, at the high dose (LD50-

[ 3000 mg/kg, oral drug for albino rats) has no

clinical safety due to the high poisonous amounts of

alkaloids (4.34%), cardiac glycoside and tannins

(0.17% true tannins and 0.23% pseudotannins), or

saponins (1.16% weight/50 g powdered extract).

The effects of 85% ethanol extract of the other

Nigerian E. suaveolens leaf on brine shrimp (Arteme-

sia salina), and the rich saponin fraction of ethanol

extract of stem bark on fresh water snails (Lanistes

lybicus) showed the LD50 values of 54.42, and
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Table 3 Several pharmacological experimental types from isolated compounds and extracts of Erythrophleum species sources

Compounds Dosage uses Models Effects References

Cytotoxicity

2, 10, 12, 14, 15,
19 and 22

– In vitro Inactive (IC50[ 10 lM)/inhibitory effects on

five cell lines HCT-8, Bel-7402, BGC-823,

A549, and A2780

Du et al. (2010)

3 – In vitro IC50 = 2.77 lM/HCT-8

IC50 = 0.52 lM/Bel-7402

IC50 = 1.25 lM/BGC-823

IC50 = 8.67 lM/A549

IC50 = 1.35 lM/A27808

Du et al. (2010)

4 0.1–10 lmol/mL, diluted

by DMSO

In vitro IC50[ 10 lM/MC-7, KB, Hela, PC-3M, Ketr3

IC50 = 1.84 lM/A2780

IC50 = 2.60 lM/Bel-7402

IC50 = 2.55 lM/BGC-823

IC50 = 2.75 lM/A549

Qu et al. (2006)

5 – In vitro IC50 = 2.1 ± 0.11 lM/A549

IC50 = 3.3 ± 0.09 lM/NCI-H1975

IC50 = 1.5 ± 0.04 lM/NCI-H1299

Ha et al. (2017)

6 0.1–10 lmol/mL, diluted

by DMSO

In vitro IC50[ 10 lM/A2780, Bel-7402, and HCT-8

IC50 = 3.51 lM/BGC-823

IC50 = 5.66 lM/A549

Qu et al. (2006)

13 0.1–10 lmol/mL, diluted

by DMSO

In vitro IC50[ 10 lM/Bel-7402, and HCT-8

IC50 = 9.96 lM/A2780

IC50 = 2.77 lM/BGC-823

IC50 = 3.05 lM/A549

Qu et al. (2006)

21 0.1–10 lmol/mL, diluted

by DMSO

In vitro IC50 = 6.58 lM/A2780

IC50 = 3.87 lM/Bel-7402

IC50 = 4.74 lM/BGC-823

IC50 = 7.79 lM/MCF-7

IC50 = 2.85 lM/HCT-8

IC50 = 2.48 lM/KB

IC50 = 0.91 lM/Hela

IC50 = 1.62 lM/PC-3 M

IC50 = 0.89 lM/A549

IC50 = 0.90 lM/Ketr3

Qu et al. (2006)

25 In vitro IC50 = 3.1 ± 0.13 lM/A549

IC50 = 2.6 ± 0.15 lM/NCI-H1975

IC50 = 2.4 ± 0.11 lM/NCI-H1299

Ha et al. (2017)

26 – In vitro IC50 = 3.4 ± 0.10 lM/A549

IC50 = 2.1 ± 0.12 lM/NCI-H1975

IC50 = 1.9 ± 0.09 lM/NCI-H1299

Ha et al. (2017)

32 and 66 0.1–10 lmol/mL, diluted

by DMSO

In vitro Inactive (IC50[ 10 lM)/inhibitory effects on

ten cell lines HCT-8, A2780, Bel-7402, BGC-

823, MCF-7, HCT-8, KB, Hela, PC-3M,

A549, and Ketr3

Qu et al. (2006)
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Table 3 continued

Compounds Dosage uses Models Effects References

37 – In vitro IC50 = 1.4 ± 0.04 lM/A549

IC50 = 1.1 ± 0.06 lM/NCI-H1975

IC50 = 1.2 ± 0.07 lM/NCI-H1299

Ha et al. (2017)

38 – In vitro The strongest IC50 values

IC50 = 0.5 ± 0.02 lM/A549

IC50 = 0.4 ± 0.01 lM/NCI-H1975

IC50 = 0.9 ± 0.03 lM/NCI-H1299

Ha et al. (2017)

40 – In vitro IC50 = 4.9 ± 0.14 lM/A549

IC50 = 5.9 ± 0.15 lM/NCI-H1975

IC50 = 3.8 ± 0.08 lM/NCI-H1299

Ha et al. (2017)

41 – In vitro IC50[ 10 lM/HCT-8

IC50 = 2.77 lM/Bel-7402

IC50 = 0.67 lM/BGC-823

IC50 = 3.82 lM/A549

IC50 = 0.49 lM/A27808

Du et al. (2010)

43 – In vitro IC50[ 10 lM/HCT-8, Bel-7402, and A549

IC50 = 3.47 lM/BGC-823,

IC50 = 0.91 lM/A27808

Du et al. (2010)

44 – In vitro IC50[ 10 lM/HCT-8, Bel-7402, BGC-823, and

A549

IC50 = 4.54 lM/A27808

Du et al. (2010)

45 – In vitro IC50[ 10 lM/HCT-8, Bel-7402, BGC-823, and

A549

IC50 = 7.40 lM/A27808

Du et al. (2010)

46 3–30 lM In vitro IC50 = 24.5 lM/A549

IC50 = 17.2 lM/MCF-7

IC50 = 12.5 lM/PC-3

IC50 = 25.2 lM/HepG2

Hung et al.

(2014b)

47 3–30 lM In vitro Inactive/inhibitory effects on four cell lines

A549, MCF-7, PC-3, and HepG2

Hung et al.

(2014b)

48, 70, 87–89 and

102
– In vitro Inactive (IC50[ 10 lM)/inhibitory effects on

three cell lines A549, NCI-H1975, and NCI-

H1299

Ha et al. (2017)

55 0.1–10 lmol/mL, diluted

by DMSO

In vitro IC50 = 1.32 lM/A2780

IC50 = 2.32 lM/Bel-7402

IC50 = 3.62 lM/BGC-823

IC50 = 7.94 lM/MCF-7

IC50 = 1.12 lM/HCT-8

IC50 = 0.76 lM/KB

IC50 = 0.57 lM/Hela

IC50 = 0.67 lM/PC-3 M

IC50 = 0.42 lM/A549

IC50 = 0.63 lM/Ketr3

Qu et al. (2006)
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Table 3 continued

Compounds Dosage uses Models Effects References

67 0.1–10 lmol/mL, diluted

by DMSO

In vitro IC50[ 10 lM/Bel-7402, and HCT-8

IC50 = 8.14 lM/A2780

IC50 = 2.54 lM/BGC-823

IC50 = 2.63 lM/A549

Qu et al. (2006)

68 – In vitro IC50 = 0.9 ± 0.05 lM/A549

IC50 = 1.0 ± 0.07 lM/NCI-H1975

IC50 = 1.2 ± 0.05 lM/NCI-H1299

Ha et al. (2017)

75, and 104–105 – In vitro Inactive (IC50[ 10 lM)/inhibitory effects on

five cell lines HCT-8, Bel-7402, BGC-823,

A549, and A2780

Du et al. (2011)

92 – In vitro IC50[ 10 lM/HCT-8

IC50 = 3.67 lM/Bel-3.67

IC50 = 3.29 lM/BGC-823

IC50 = 6.48 lM/A549

IC50 = 2.94 lM/A2780

Du et al. (2011)

93 – In vitro IC50 = 8.68 lM/HCT-8

IC50 = 3.26 lM/Bel-3.67

IC50 = 3.47 lM/BGC-823

IC50 = 4.04 lM/A549

IC50 = 1.51 lM/A2780

Du et al. (2011)

94 – In vitro IC50[ 10 lM/HCT-8

IC50 = 5.46 lM/Bel-3.67

IC50 = 3.49 lM/BGC-823

IC50 = 3.10 lM/A549

IC50 = 2.49 lM/A2780

Du et al. (2011)

Anti-fungi

52 – Agar well

diffusion

MIC = 9.76 lg/mL against yeast C. krusei Ngounou et al.

(2005)

69 – Agar well

diffusion

MIC = 19.5 and 9.76 lg/mL against yeasts C.

albicans and C. krusei, respectively

MIC = 9.76 lg/mL against bacterium N.

gonorrhoeae

Ngounou et al.

(2005)

Anti-oxidant

124 0.08 lg/mL In vitro IC50 = 0.19 lg/mL in DPPH assay Ngoupayo et al.

(2015)

130 0.05 lg/mL In vitro IC50 = 0.27 lg/mL in DPPH assay Ngoupayo et al.

(2015)

139 50 lM In vitro The best radical scavenging capacity of 85.6%

in DPPH assay

Tsao et al.

(2008)

Anti-inflammation

71 3–100 mg/kg p.o In vivo Time course of edema reduction in chick paws

was 2–5 h, caused by carrageenan

Armah et al.

(2015)

74 50 lM In vitro The lowest percentage of 0.0 ± 3.3% inhibition

in NOX

Tsao et al.

(2008)

95 3–100 mg/kg p.o In vivo Time course of edema reduction in chick paws

was 2–5 h, caused by carrageenan

Armah et al.

(2015)
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Table 3 continued

Compounds Dosage uses Models Effects References

111 50 lM In vitro The strongest IC50 = 24.2 ± 2.8 lM in NOS

activity

Tsao et al.

(2008)

122 3–100 mg/kg p.o In vivo Time course of edema reduction in chick paws

was 2–5 h, caused by carrageenan

Armah et al.

(2015)

133 50 lM In vitro The strongest percentage of 25.2 ± 4.2%

inhibition in NOX

Tsao et al.

(2008)

139 50 lM In vitro The significant percentage of 21.5 ± 5.9%

inhibition in NOX

Tsao et al.

(2008)

Anti-cancer

38 3 lM In vitro Apoptosis in three cell lines A549 (12.24%),

H1975 (7.56%), and H1229 (8.14%) cell for

48 h

Ha et al. (2017)

41 10 lM In vitro AGS cell viability was decreased to 37% when

41 (10 lM) ? TRAIL (100 lM) compared

with 41 (10 lM) only

Miyagawa et al.

(2009)

46 3-30 lM In vitro Apoptosis in PC-3 cell from 0 to 10% for 48 h Hung et al.

(2014b)

90 10 lM In vitro AGS cell viability was decreased to 36% when

90 (10 lM) ? TRAIL (100 lM) compared

with 90 (10 lM) only

Miyagawa et al.

(2009)

91 10 lM In vitro AGS cell viability was decreased to 25% when

91 (10 lM) ? TRAIL (100 lM) compared

with 91 (10 lM) only

Miyagawa et al.

(2009)

13 3 lg/mL In vitro The strongest inhibitory effect (30%) on the

capillary-like structure formation of HUVECs

Hung et al.

(2014a)

Cardiac activity

16 2 lM In vivo EC50s = 0.45 lM in positive inotropic effect

IC50s = 2 lM in Na?/K?-ATPase inhibition

Verrota et al.

(1995)

17 2 lM In vivo EC50s = 0.65 lM in positive inotropic effect

IC50s = 20 lM in Na?/K?-ATPase inhibition

Verrota et al.

(1995)

Extracts and fractions

Aqueous extract E.

africanum leaf

3000 mg/kg body weight In vivo In toxicological assay, LD50[ 3000 mg/kg,

oral drug for albino rats for 48 h

Hassan et al.

(2007)

n-Butanol extract

of E. africanum

leaf

60, 30, 15, 7.5 and

3.25 mg/mL

Agar well

diffusion

The highest growth inhibitory zone of 36 mm

diameter on Staphylococcus aureus

Mohammed

et al. (2014)

n-Hexane extract

of E. africanum

leaf

60, 30, 15, 7.5 and

3.25 mg/mL

Agar well

diffusion

The lowest growth inhibitory zone of 12 mm on

Proteus vulgaris

Mohammed

et al. (2014)

Ethyl acetate

fraction of E.

fordii bark

– In vitro IC50 = 0.08 lg/mL/cytotoxic activity against

cell line KB

IC50 = 3.10 lg/mL/cytotoxic activity against

cell line A2780

Qu et al. (2007)

n-Butanol fraction

of E. fordii bark

– In vitro IC50 = 1.26 lg/mL/cytotoxic activity against

cell line A2780

Qu et al. (2007)

Methanol extracts

of E. ivorense

leaf, and stem

bark

100–1000 mg/kg p.o In vivo Renal and hepatic toxicities, oral drug for Wistar

rats

Amoah et al.

(2014)
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Table 3 continued

Compounds Dosage uses Models Effects References

75% Methanol

extract of E.

ivorense stem

bark

Single doses of 10, 20, 40,

80, 160 mg/kg body

weight

In vivo In toxicological assay LD50 = 87 mg/kg,

intraperitoneal drug for male Swiss mice for

24 h

Wakeel et al.

(2013)

Aqueous-alcohol

extract of E.

ivorense root

bark

30–300 mg/kg p.o In vivo Time course of edema reduction was 6 h, caused

by carrageenan, injectable drug for chick paws

Armah et al.

(2015)

Methanol of E.

ivorense root

bark

15.6, 31.2, 125, 250 and

500 lg/mL, diluted by

DMSO

In vitro IC50 = 33.07 ± 0.13 lg/mL in anti-leishmanial

activity

Armah et al.

(2018)

Ethyl acetate

fraction of E.

ivorense root

bark

15.6, 31.2, 125, 250 and

500 lg/mL, diluted by

DMSO

In vitro IC50 = 2.97 ± 0.67 lg/mL in anti-leishmanial

activity

Armah et al.

(2018)

Pet-ether fraction

of E. ivorense

root bark

15.6, 31.2, 125, 250 and

500 lg/mL, diluted by

DMSO

In vitro IC50 = 133.6 ± 0.87 lg/mL in anti-leishmanial

activity

Armah et al.

(2018)

The rich tannin

fraction of E.

guineense bark

– In vitro MIC = 1.25 mg/mL against bacteria

Staphylococcus aureus, Salmonella enterica

Escherichia coli, Candida albicans, Candida

krusei, and Candida parapsilosis

MIC = 2.5 mg/mL agaisnt Shigella flexneri

Joseph et al.

(2016)

80% Ethanol

extract of E.

guineense stem

bark

Single doses of 0, 25, 50,

75, 100, 125, 150

and175 mg/kg body

weight

In vivo LD50 = 62 mg/kg, oral drug for Sprague–

Dawley mice for 24–96 h

Adeoye and

Oyedapo

(2004)

Methanol extract of

E. suaveolens

bark

20 and 200 lg/mL In vitro 100% inhibition on three human cancer cell

lines BT-549, BT-20, and PC-3

Fadeyi et al.

(2013)

Toluene/ethanol

extract of E.

suaveolens wood

0.5–55 mg/L In vitro CE50 = 3.1 mg/mL in DPPH assay Saha et al.

(2013)

Acetone extract of

E. suaveolens

wood

0.5–55 mg/L In vitro CE50 = 2.1 mg/mL in DPPH assay Saha et al.

(2013)

Water extract of E.

suaveolens wood

0.5–55 mg/L In vitro CE50 = 3.5 mg/mL in DPPH assay Saha et al.

(2013)

Methanol extract of

E. suaveolens

stem bark

100 mg/kg p.o In vivo Inflammatory reduction was 47% for 1 h,

carrageenan induced edema in Wistar mice

paws

Dongmo et al.

(2001)

The rich

procyanidin

fraction

50 mg/kg p.o In vivo Inflammatory reduction was 33% for 1 h,

carrageenan induced edema in Wistar mice

paws

Dongmo et al.

(2001)

50% Ethanol–

water extract of

E. succirubrum

twig

10–500 lg/mL, diluted by

DMSO

In vivo IC50 = 207.89 ± 40.89 lg/mL/cytotoxic

screening against HepG2

IC50 = 94.18 ± 29.10 lg/mL/cytotoxic

screening against HepG2

Weerapreeyakul

et al. (2016)
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38.74 lg/mL, respectively (Akinpelu et al. 2012;

Hassan et al. 2007; Sowemimo et al. 2007).

At the dose 2000–3000 mg/kg, Sokoto-Nigerian E.

africanum aqueous extract was capable of the increase

in the level of the serum of alanine amino transferase

(ALT), and asparate amino transferase (AST) (Hassan

et al. 2007). Similarly, at the dose 100–1000 mg/kg

p.o, the methanol extracts of Ghanian E. ivorense leaf

(EIML), and stem bark (EIMB) induced the renal and

hepatic toxicities for Wistar rats owing to the growth

levels in biochemical experiments, such as AST, ALT,

total protein, total bilirubin, creatinine (Amoah et al.

2014). Particullarly, EIML (1000 mg/kg) has been

shown to assocciate with persistent renal tissue

inflammatory and glomerular degeneration in kidney,

along with inflammatory infiltration with few vacuo-

lations and cirrhosis in liver, while EIMB (100, 300, or

1000 mg/kg) possessed persistent renal, as well as

glomerular and necrosis in the parenchymal tissue of

the liver hepatocyte.

In addition to interest research in toxicity, the rich

alkaloid fraction of 80% ethanol extract of Ile-Ife,

Nigerian E. guineense stem bark was detected to have

the toxicological LD50 number of 62 mg/kg p.o for

Sprague–Dawley mice (Adeoye and Oyedapo 2004).

Based on this criterion, this fraction was further

investigated regarding the several golden criteria in

hepatic treatment. The results demonstrated that this

fraction caused the decreases in the rate of liver L-

aspartate aminotransferase (4.6%), plasma L-alanine

aminotransferase (7.7%), haemoglobin (10.9%), and

plasma creatinine (35.66%). Meanwhile, an increase

was recorded in the percentage of plasma L-aspartate

aminotransferase (28%), liver L-alanine aminotrans-

ferase (140%), alkaline phosphatase (132.7%), plasma

bilirubin (140.9%), and liver protein (16.12%), as

compared with control mice.

Taking anti-inflammatory experiments into consid-

eration, accumulating evidence indicates that besides

the role of compounds 71, 95, and 122, the crude

aqueous-alcohol extract (30–300 mg/kg) of Aduk-

rom-Ghanian E. ivorense root bark, also definitely

influenced the suppressing inflammatory effects

induced by carrageenan in chicks for 6 h (Armah

et al. 2015). Likewise, the methanol extract (100 mg/

kg p.o) of Yaounde-Cameroonian E. suaveolens stem

bark, and its fraction D (50 mg/kg p.o, rich in

monomeric and oligomeric procyanidins) accounted

for about 47, and 33% inhibition of carrageenan-

induced Wistar rats paw oedema 1 h of after admin-

istration, as compared with 58.33, and 35.61% for

reference compounds acetylsalicylic acid (20 mg/kg),

Table 3 continued

Compounds Dosage uses Models Effects References

Methanol extract of

E. zimmermannii

root

– In vitro The strongest IC50 of 17.1 ± 1.1 lg/
mL/cytotoxic screening against HepG2

Choi et al.

(2015)

Positive control was camptothecin with IC50 = 3.20 lM/HCT-8, 12.51 lM/Bel-7402, 9.72 lM/BGC-823, 3.11 lM/A549, and

0.29 lM/A27808 in the cytotoxic assay of compounds 2–3, 10, 12, 14, 15, 19, 22, 41, and 43–45

Camptothecin indicated IC50 = 0.27 lM/A2780, 12.7 lM/Bel-7402, 9.6 lM/BGC-82, 3.1 lM/HCT-8, 0.5 lM/KB, IC50[ 50 lM/

Hela and Ketr3, 4.36 lM/PC-3 M, and 3.05 lM/A549 in the cytotoxic assay of compounds 4, 6, 13, 21, 32, 55, and 66–67

Camptothecin achieved IC50 = 0.7 ± 0.03 lM/A549, 1.2 ± 0.02 lM/NCI-H1975, and 0.8 ± 0.03 lM/NCI-H1299 in the cytotoxic

assay of compounds 5, 25–26, 37–38, 40, 48, 68, 70, 87–89, and 102

Camptothecin showed IC50 = 0.54–1.02 lM in the cytotoxic assay of compounds 46–47

Camptothecin also exerted IC50 = 3.20 lM/HCT-8, 12.51 lM/Bel-7402, 9.72 lM/BGC-823, 3.11 lM/A549, and 0.29 lM/A2780 in

the cytotoxic assay of compounds 75, 92–94, and 104–105

Gentamicin (MIC = 20 lg/mL) was used for bacteria, nystatin (MIC = 30 lg/mL) for yeasts in the anti-bacterial assay of

compounds 52, and 69

0.09 lg/mL and 0.19 lg/mL were concentrations of caffeic acid (IC50 = 1.82 lg/mL) and ascorbic acid (IC50 = 2.43 lg/mL) in

DPPH assay of compounds 124 and 133

L-NAME (IC50 = 25.8 ± 2.5 lM), and DPI (85.1 ± 2.9%) were positive controls in anti-inflammatory test of compounds 74, 111,
133, and 139, whereas DPPH-radical scavenging capacity of trolox was 85.7%

EC50s = 0.71 lM, and IC50s = 10 lM were assignable to positive control ouabain in cardiac experiment of compounds 16–17

2.4 ± 0.67 lg/mL was being the IC50 value of amphotericin B in skin parasitic treatment of E. ivorense root bark extracts

123

Phytochem Rev (2019) 18:571–599 595



and indomethacin (7 mg/kg), respectively (Dongmo

et al. 2001). In addition, n-hexane extract, ethyl

acetate extract and its parts, namely the fraction A

(rich in alkaloids), the fraction C (rich in monomeric

procyanidin), the fraction D, and the fraction E (rich in

polymeric procyanidin) produced 38.6, 13.9, 13.9,

100, and 48.0% respectively in the inhibitory exper-

iments of 5-lipoxygenase (Dongmo et al. 2001).

At the same time, besides anti-inflammatory exper-

iments, Dongmo et al. (2001) suggested that the

methanol extract (100 mg/kg) also produced over 30%

reduction of the sensitivity to pain in analgesic effects,

while this figure of the fraction D was 45%.

In view of all the circumstances, parallel with the

phytochemical isolations, pharmacological studies on

the extracts, the fractions, and the isolated compounds

are diverse. Herein, several presentative experiments

were compiled in Table 3.

Conclusion

Taken together, Erythrophleum species has been

experimentally researched in both phytochemical

and pharmaceutical aspects, and a general view of

the previous results has been outlined in the current

paper. This review mostly focused on the knowledge

about the botanical descriptions, ethnopharmaceutical

uses, phytochemistry, and biological evaluations.

• Traditional uses highlighted the roles of Ery-

throphleum species in many purposes. Noting that

the plants from this genus have been linked to

toxicological aspects, but mechanism actions have

not been fully studied yet. In vivo cardiac study

was performed only in 3b-hydroxy-nor-erythro-
suamine and its glucoside derivative to date.

• The phytochemical and pharmaceutical researches

mostly focused on nine species, consisting of

E.ivorense, E. suaveolens, E. chlorostachys, E.

lasianthum, E. guineense, E. couminga, E. suc-

cirubrum, E. africanum, E. zimmermannii, espe-

cially E. fordi species.

• Phytochemical investigations on different parts of

Erythrophleum plants such as bark, stem bark, root

bark, leaf, and seed led to the isolation of multiple

classes of bioactive compounds, in which Ery-

throphleum alkaloids, and terpenoids were found

frequently, and contained cassaine diterpenoid

amines/amides as main skeletons.

• Despite the fact that cassane and norcassane

diterpenoids were available in genera Caesalpinia

or Caesalpinia, but monomer, dimer Ery-

throphleum alkaloids were made up of cassane

diterpenoids linkage with N-alkylaminoethyl side

chain by ester bridge, which is a characteristic

landmark for genus Erythrophleum. Hence, Ery-

throphleum alkaloidal constituents can be seen as

chemotaxonomic indicators for both genus Ery-

throphleum and Fabaceae family. It also demon-

strates the close relationship among the species,

genera of the subfamily Caesalpinioideae.

• Extracts, fractions, and isolated compounds

derived from E. fordi species have been intensively

performed with cytotoxic assays, and the results

can be explained by the effect of functional groups

in tested compounds. Likewise, the other related

species were further subjected to address various

types of biomedical experiments, such as anti-

oxidant, anti-bacterial, anti-cancer, anti-angiogen-

esis, anti-inflammation, anti-convulsant, cardiac

activity, and experimental toxicity.

• Erythrophleum species mainly distributed in Indo-

china and Africa. The collecting time, geographic

factors, and climate now take part in the difference

of chemical constituents of each species.

In terms of its protective policies, almost the plants

in this genus were classified as vulnerable, thus

exploitation, shipping, and storage are prohibited. As

a consequence, plant growing, scientific rationales,

and discoveries on this valuable source ought to be a

willingness for drug leads and future pharmaceuticals.

Bioactive compounds, in vitro and in vivo pharma-

ceutical analyses, clinical applications, unknown

mechanism explanations are expected.
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