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ABSTRACT

The genus Erythrina, a folkloric medicinal plant found in many tropical regions of the world, has yielded many flavonoids, including isoflavonoids of
diverse structures. Some African Erythrina species have been investigated, and many have been found to contain isoflavonoids belonging to the sub-
class pterocarpans which have displayed structural variations and interesting antibacterial activities. In this review, the structures and antibacterial
activities of 14 pterocarpans reported in the literature from 8 African Erythrina species have been collated and subjected to structure-activity
relationship (SAR) analysis to establish the best structural characteristics that enhance their antibacterial activities. The Structure-activity relationship
(SAR) showed that their antibacterial activity against Gram-positive bacteria typified by Staphylococcus aureus, and the acid-fast organisms
represented by Mycobacterium smegmatis, depends on the substitution pattern of the prenyl and hydroxyl groups on the two aromatic rings of the
pterocarpan nucleus as well as the planarity of the pterocarpan molecule. Also, the high lipophilicity of the molecule provided by the presence of the
prenyl groups enhances their antibacterial activity. Consequently, among the pterocarpans and indeed those from the African Erythrina species, 3,9-
dihydroxypterocarpan (MIC=1.56 pg/mL), erycristagallin (MIC=3.13 pug/mL) and erythrabyssin 1l (MIC=3.12ug/mL) possess the best structural
requirements for antibacterial activity against Staphylococcus aureus and Mycobacterium smegmatis. This review will guide the development of new

antibacterial agents based on the pterocarpan framework.
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Introduction

It has been estimated that over 80% of the world population,

particularly in developing countries, depend on medicinal herbs for
their healthcare delivery system.! It has also been reported that the
overall botanical and plant-based drug market in 2015 was valued at
$25.6 billion with the potential to increase to $62 billion annually with
increased popularity. Thus, large drug manufacturing companies in
Europe and the USA have plant-derived compounds in their drug
development pipelines because they are believed to be safer than
synthetic, have efficacy against certain diseases, have flexibility in their
accessibility, and preparation, and can be used with lower development
costs.?
Species belonging to the genus Erythrina have long been known to play
important roles in ethnomedicine, particularly in managing infectious
diseases. Consequently, they have been subjected to chemical and
biological activity screening for some decades for their chemical
constituents®* and bioactivities.>7 It has been reported that the genus
Erythrina contains about 110 species of trees and herbs which have
yielded 155 phytoconstituents from 15 species, and that E. submbrans
and E. variegata contain the highest number.®
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More recently, investigations have been shifted to neutral components
which have been found to possess biological activities.®® Among the
Erythrina species so far studied are 8 African medicinal plants,
including E. abyssinica,' E. x bidwilll,** E. burana,? E. crista-galli, 34
E. oriotricha,® E. mildbraedii,®!6*" E. sigmoidea‘® and E. variegate.'®?°
Some of the neutral components isolated from the above plants included
isoflavones belonging to the sub-class pterocarpans which displayed
extensive structural variation and interesting in vitro antibacterial
activity against Staphylococcus aureus. The pterocarpan scaffold
(Figure 1) has the benzofuran-benzopyran moiety and compounds
possessing it are known to be natural lead molecules with many
pharmacological characteristics, including anticancer, antimicrobial,
antimalarial, and antioxidant. Thus, they are good candidates for drug
development.?
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Figure 1: Pterocarpan Scaffold

In this review, 14 pterocarpans from African Erythrina species reported
to possess antibacterial activity against Staphylococcus aureus and
Mycobacterium smegmatis were assembled and subjected to structure-
activity relationship analysis. It has been established that structure-
activity relationship evaluation of bioactive compounds is important in
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drug development as it relates a chemical entity to its biological activity
by determining the functional group responsible for the target
activity.?? One of the approaches to achieving this is to embark on
structural modification of a lead compound by synthetically
transforming it through the introduction of various functional groups.
Recently, some researchers explored SAR studies to develop drug leads
for various ailments such as infections, cancer, and diabetes.?* On the
other hand, one or more plants can synthesise a family of compounds
with diverse structural features that can be used to study structure-
activity relationship as has been achieved for some flavanones and
flavones, which has been one of the very few SAR studies on naturally-
occurring compounds.?® While SAR studies on natural flavonoids have
been reported, no studies have so far been reported for isoflavonoids,
particularly for the pterocarpan sub-class. The pterocarpans form the
second largest group of isoflavonoids and their synthesis involving a
tetracyclic framework has not been common.?” The extensive structural
variation displayed by the 14 antibacterial pterocarpans isolated from 8
African Erythrina species has provided a great opportunity to analyse
their structure-activity relationship for future use of the pterocarpan
framework for the development of new antibiotics. This is the focus of
this paper, particularly as about 50% of the pterocarpans were obtained
in our laboratories.%167

Materials and Methods

There were no physical materials involved in this study, but some
software applications were used in the methodology to generate data as
described below.

Literature on sources of antibacterial Erythrina species was obtained
using Google Scholar search engine which is a common and reliable
academic search tool. The search was done generally on the genus
Erythrina and after a careful study those from African environment and
their pterocarpan constituents were identified in terms of countries of
origin, chemical structures and antibacterial activities. The nature of
substituents on the carbons 1, 2, 3, 4, 7, 8, 9, and 10 of the aromatic
rings A and B of the pterocarpan scafold was closely studied and was
found to generate enough structural variants for a review on structure-
activity relationship.

The structures of the antibacterial pterocarpans were drawn using
Advanced Chemistry Development’s ACD/ChemSketch Freeware
bundle toolkit (2022-2.3 version) by Chemist Isaac Asimov. It was
downloaded on February 29, 2024, and was updated last on 23" April,
2020.

Results and Discussion

A survey of the literature revealed that among the large number of
species belonging to the plant genus Erythrina so far investigated for
chemical constituents and antibacterial activity, 8 species from the
African environment have been studied, and they yielded apart from
other compounds, 14 isoflavonoids belonging to the pterocarpan sub-
class (Tables 1). The pterocarpans coincidentally displayed selective
antibacterial  activity against  Staphylococcus aureus and
Mycobacterium smegmatis as well as interesting structural diversity to
warrant their structure-activity relationship (SAR) analysis to determine
the structural features that support their antibacterial activity. For this
purpose, Table 2 was produced from available data to show the
structures of the pterocarpans, with particular reference to the
substitution patterns on the aromatic rings A and B, and the
corresponding activities in MIC against Staphylococcus aureus, a
Gram-positive pathogen associated with SDI and other infections 28
and Mycobacterium smegmatis, a nonpathogenic and fast growing
species of the genus Mycobacterium, which provides a good candidate
for Mycobacterial research on T.B. infection in man.?

The Structure-activity-relationship (SAR) among the African
antibacterial pterocarpans against Staphylococcus aureus and
Mycobacterium smegmatis is presented in Table 2. Analysis of the
results in Table 2 shows that the pterocarpans erythrabyssin Il (2),
erycristagallin (13), and 3,9-dihydroxypterocarpan (14) are the most
active with MICs of 3.12, 3.13 and 1.56 pug/mL, respectively, against
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Staphylococcus aureus when compared to streptomycin which
exhibited MIC value of 50 pg/mL. Also, against M. smegmatis
erythrabyssin 11 (2) displayed the highest activity at MIC of 0.78 pg/mL
compared to streptomycin which recorded a MIC of 1.25 pg/mL.
Sandwicensin (4 ), however, has no activity against any of the two
organisms. At the same time, the other pterocarpans showed activity
between 6.25 and 100 ug/mL against Staphylococcus aureus and
between 6.25 and 25ug/mL against Mycobacterium smegmatis.
Careful examination of the structures of the pterocarpans (Figures 2-15)
along with the substitution patterns shown in Table 2 revealed some
important structural requirements for their antibacterial activity
characteristics. One such structural feature is the presence of prenyl and
hydroxyl groups on the aromatic rings A and B of the pterocarpanoid
system. From Table 2, all the pterocarpans except sandwicensin (4)
which lacks a free hydroxyl group on aromatic ring B and a prenyl
group on ring A displayed antibacterial activity, suggesting that the two
groups promote activity. The pterocarpans possessing the two groups
on both rings display very appreciable activity. In contrast, those with
these groups on either of the rings or lack the prenyl group by forming
the chromene moiety exhibit decreased or no activity. Thus,
erythrabyssin Il (2), erycristin (3), and erybraedins A (5) and B (6),
respectively, showed significant activity against both Staphylococcus
aureus and Mycobacterium smegmatis. On the other hand, the activity
of erybraedin D (8), erybraedin E (9), and isoneorautenol (10), was
considerably lower. On the other hand, Sandwicensin (4), which lacks
a prenyl group on ring A and has a blocked C-9 hydroxyl group in the
B-ring has appreciable activity. This suggests that an overall lipophilic
character is an important requirement for antibacterial activity against
Gram-positive bacteria such as Staphylococcus aureus.®® Based on the
activity of erythrabyssin 1l (2), erybraedins A (5) and C (7),
respectively, it appears that the substitution pattern on each of the
aromatic rings is an important contributory factor to the degree of
activity of the pterocarpans. Thus, a C-2 prenyl, C-3 OH substitution
pattern on aromatic ring A, and a C-9 OH, C-10 prenyl substitution
pattern on the B ring favour antibacterial activity. Consequently,
erythrabyssin 11, (2) and erycristagallin, (14), have greater activity than
erybraedin A (5), which in turn shows greater activity than erybraedin
C (7). The exact role of the hydroxyl group is not understood, but its
importance for the antibacterial activity of some flavonoids has been
reported.®-3 The prenyl group on the other hand, increases the
lipophilic character of the pterocarpans as in flavonoids?® and thereby
increases their ability to permeate the Gram-positive bacteria such as S.
aureus which are known to have low cell wall lipid content.?63%32 Thus,
pterocarpans with only one or no prenyl group show low antibacterial
activity against S. aureus. This explains why the pterocarpans are
generally inactive against Gram-negative bacteria with high cell wall
lipid content. Being highly soluble in the cell wall they become trapped
and therefore incapable of permeating the organism.

There is also a marked difference between the activity of erybraedin B
(6), and erybraedin D (8), against S. aureus and M. smegmatis and
between that of phaseollin (11) and phaseollidin (12). Both compounds
(6) and (8) have the hydroxyl and prenyl groups on the B ring converted
to a chromene moiety. However, compound (5) with the chromene C-
31-C-41 double bond planar with the aromatic ring-B displays greater
activity than compound (8) in which the C-31-C-41 double bond is not
in plane with the aromatic ring. The planarity requirement which
promotes effective conjugation may also account for the marked
difference in the activity of phaseolin (11) and phaseollidin (12) against
S. aureus. Thus, in chromene-bearing pterocarpans, the planarity of the
C-31-C41 double bond with the aromatic B-ring seems to be an
important factor. This is in good agreement with some reports for
flavonoids.31%2

Conclusion

This review is the first structure-activity relationship analysis for the
pterocarpans and has revealed some important structural characteristics
that favour their antibacterial activity. They include the presence of
hydroxyl and prenyl groups on the aromatic rings A and B, the
substitution patterns on the rings, and the planarity of the molecules.
The pterocarpans are generally active against Gram-positive bacteria
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because of their high lipophilic character enhanced by the presence of
the prenyl group. The analysis has provided a base for the synthesis of
novel antibacterial compounds based on the pterocarpan framework for
specific purposes. Antibacterial agents based on the pterocarpan
framework may be useful in medicine as drugs, and as disinfectants in
the home, since they possess varying degrees of activity.
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Table 1: African Erythrina species and their antibacterial pterocarpan constituents

African Erythrina Species Antibacterial Pterocarpan Country Location References
Constituents
Cristacarpin, erythrabyssin II, Angola, Sudan, Ethiopia, 10
E. abyssinica phaseollin, Burundi, Kenya, Malawi,
Phaseollidin Rwanda, Tanzania, Uganda,
Zaire, Zambia, Mozambique,
Zimbabwe, Mauritius
E. x bidwilli Erythrabyssin |1 Tanzania 11
E. burana Cristacarpin Ethiopia, Kenya 12
Phaseollidin, cristacarpin, Egypt, Ethiopia, Kenya, 13,14
E. crista-galli 3,9-dihydroxy-pterocarpan, Mozambique, Rwanda,
erycristagallin, erythrabyssin Sudan, Tanzania, Uganda,
11, Sandwicensin, erycristin Zimbabwe
E. eriotricha Erybraedin A,, C, D,E, Cameroon 15
isoneorautenol,
Erybraedin A, B, C, Cameroon, Ghana, Nigeria, 9,16,17
E. mildbraedii, erythrabyssin I, Guinea, Ivory Coast, Liberia,
isoneorautenol, erybraedin D, Sierra Leone, Togo, Togo,
E. Uganda, Zaire
Cameroon, Chad, Nigeria, 18
E. sigmoidea Phaseollidin Guinea, Ivory Coast, Mali,
Senegal, Sudan, Togo
Erythrabyssin 11, Egypt, Nigeria, Sao Tome, 19,20
E. variegata erycristagallin, phaseollidin, Principe, Senegal, Sudan,

phaseollin

Tanzania, Uganda

Table 2: Substitution pattern and antibacterial activity of pterocarpans against Staphylococcus aureus(Sa) and Mycobacterium
smegmatis(Ms)

MIC(ug/mL
Pterocarpans Substituents on Aromatic Rings
Ms
1 2 3 4 7 8 9 10 Sa
0.78
Erythrabyssin-11 2 H Prenyl OH H H H OH Prenyl 3.12
6.25
Erycristin 3 H Prenyl OH H H H OCHs Prenyl 6.25
Sandwecensin 4 H H OH H H H OCHs Prenyl -
6.25
Erybraedin-A 5 H H OH Prenyl H H OH Prenyl 125
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125
Erybraedin-B 6 H OH Prenyl H Chromene 12.5
125
Erybraedin-C 7 H OH Prenyl Prenyl OH H 12.5
25.0
Erybraedin-D 8 H OH Prenyl chromene H 100.0
Erybraedin-E 9 Furan H H OH Prenyl 25.0
25.0
Isoneurautenol 10 H OH H chromene H 25.0
Isoneurautenol 11 H OH H H Chromene 12.5
Phaseollidin 12 H OH H H OH Prenyl 50.0
ND
Erycristagallin 13 Prenyl OH H H OH Prenyl 3.13
3,9-Dihydroxy- H OH H H OH H 1.56 ND
pterocarpan 14
ND
Cristacarpin 15 H OH H H OH Prenyl 1.56
1.25
Streptomycin SO4 5.0
(-) inactive at 100 pg/mL concentration; ND=Not determine
(2)R=H, R'=prenyl, Erythrabyssin I (5) Erybraedin A (6) Erybraedin B
(3)R=CHs, Ri=prenyl, Erycristin
(4)R=CHs,R'=H , Sandwecensin
CHgy
(9)Erybaedin E
(7) Erybraedin C (8) R=prenyl, Erybraedin D
(10) R=H, Isoneurautenol
306
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Figures 2-15: Structures of pterocarpans from African Erythrina species
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