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Abstract

Phytochemical study of the roots of Erythrina senegalensis led to the isolation of a new a-sophoradiol glycoside, erythrinoside (1),
together with four known compounds, lupeol (2), a-sophoradiol (3), isoneorautenol (4) and D-mannitol (5). The structures of
the compounds were elucidated using spectroscopic data including 1D and 2D NMR, mass spectrometry and by comparison
made with some data reported previously; the samples (extracts and compounds) were also subjected to antidiabetic assay.
Erythrinoside and isoneorautenol exhibited good a-amylase inhibitory potential of 54.6% and 53.3%, respectively, compared to acar-
bose (72.5%) at 400 pg/mL. With a-glucosidase, all samples showed promising inhibition percentages above 50% at 200 pg/mL. In
the a-glucosidase assay, the ethyl acetate extract (65.5%), methanol extract (72.1%), erythrinoside (63.3%) and isoneorautenol
(66.0%) had percentage inhibitions closer to that of acatbose (69.0%) at 200 ug/mL. The methanol extract (IC5o=81.2+
0.9 pg/ml) was mote active than acarbose (ICso=94.5+0.7 ugmlL) in the a-glucosidase assay. The inhibition of @-amylase and
a-glucosidase indicates that E. senegalensis extracts and compounds could be used to manage diabetic conditions.
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Introduction such as erythrinasinate, octacosyl (E)-fenilate, auriculatin,
2,3-dihydroauriculation, lonchocarpol A, scandenone, erysene-
D-M, 4’ 5,7-trihydroxy-6,8-diprenylisofla-

6,8-diprenylgenistein, L2 and

>

The Fabaceac is a large family comprising over 16 000 species, alensein
which are grouped into about 480 genera. Erythrina senegalensis &
DC, a member of this family, is a tree (6 to 7 meters high)'

found in Cameroon among the savannah woods and shrubs

vone, alpumisoflavone,

alkaloids such as erysocline, erysopine, erysotrine, erythratidine,

of the Sudano-Guinean woodland of the Adamawa Region

and is equally spread in many other tropical and subtropical
1 2(] Y sp Y p p "University of Ngaoundere, Ngaoundere, Cameroon

zones.” In African countries, E. senegalensis is a medicinal

2University of Yaounde 1, Yaounde, Cameroon

plant used as a general tonic and as remedy for several ailments  3School of Chemical FEngineering and Mineral Industries, University of

such as cough, pneumonia, bronchial infection, malaria, snake Ngaoundere, Ngaoundere, Cameroon
. . 4¢ ) o . . .
bites, stomach ache, wound healing, normal fever and yellow Dunarea de Jos” University, Galati, Romania

5. . . .
. . . . . versity of Mons, Mons, Bel,
fever, toothache, gastrointestinal disorders, jaundice, nose University of Mons, Mons, Belgium

bleed, female infertility, gonorrhea and other venereal diseases,

. . o e 236
abdominal pain, and microbial and parasitic infections.™™

Previous scientific studies have shown biological activities pos-
sessed by this plant such as antimicrobial, antidiabetic, antioxi-
dant, analgesic, anti-inflammatory, antiviral, antimalarial and
> The reported constituents of E. senegalensis are
mainly phenolic

antitumor.

compounds and prenylated flavonoids
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11-hydroxyerysodine, 11-hydroxyerysovine, 11-oxyerysodine
and glucoerysodine.'>'*

There are many documented medicinal benefits of
Erythrina senegalensis, and, thereby, it is necessary to investigate
scientifically the chemical compounds contained in this plant,
as well as their biological activities. In this study, the roots of
Erythrina senegalensis were investigated for their chemical com-
position, and the extracts, together with the isolated com-
pounds, were evaluated for their antidiabetic potential
through a-amylase and a-glucosidase inhibitory activities. To
the best of our knowledge, the chemical compounds from
the roots of E. senegalensis have not been the subject of any
phytochemical and pharmacological studies.

Results and Discussion

Column chromatographic separation on silica gel of the ethyl
acetate extract (25 g) of the roots of E. senegalensis led to the
isolation of a new a-sophoradiol glycoside, named erythrino-
side (1, 10 mg), isolated for the first time from a natural
source, and three known compounds, lupeol (2, 1000 mg),
a-sophoradiol (3, 14 mg) and isoneorautenol (4, 15 mg). The
methanol extract (25g) yielded one known compound,
D-mannitol (5, 3 mg). The structures of the isolated compounds
(Figure 1) were established by extensive analysis of their spectro-
scopic data and comparison with some previously reported data.

Compound 1 was obtained as an amorphous beige solid
soluble in methanol. Its HR-ESI-TOF MS + mass spectrum
(see supplemental material) showed a pseudomolecular ion
peak [M+Na]" at #/z 597.4129 (Calcd. for 597.4131) corre-
sponding to the molecular formula C35Hs50¢, accounting for
seven degrees of unsaturation. The compound responded pos-
itively to the Liebermann-Biichard test characteristic of a triter-
penoid skeleton. The "H-NMR spectrum of 1 showed signals
attributable to eight methyl groups at g ppm 0.81 (3H, s),
0.90 (3H, s), 0.93 (3H, s), 1.00 (3H, s), 1.00 (3H, s), 1.02 (3H,
s), 1.05 (3H, s), 1.15 (3H, s); one olefinic proton as a triplet at
Oy 5.26 ppm (1H, # J=7.6 Hz) characteristic of H-12 of the
olean-12-ene triterpene type ~; two oxymethine protons at dy
ppm 3.42 (1H, dd, J=8.0, 3.1 Hz) corresponding to H-3, and
3.18 ppm (1H, dd, J=13.6, 4.2 Hz) corresponding to H-22.
The proton spectrum of 1 presents some similarities to that of
sophoradiol, which was previously isolated and described

from the same plant.l(’

However, this spectrum showed addi-
tional signals corresponding to the presence of a sugar moiety.
Several signals were observed between 6 3.15 and 4.20 ppm.
The signal at 6y 4.20 ppm (1H, d, J=7.4 Hz) corresponds to
an anomeric proton (H-1") of the sugar moiety. The coupling
constant (J="7.4 Hz) of the anomeric proton indicates that the
sugar moiety adopts the f-configuration on the aglycon. We
also observed three oxymethine proton signals appearing at
6y 3.17, 3.31 and 3.49 ppm, as well as two diastereotopic
protons of an oxymethylene at 0y 3.85 and 3.14 ppm, all belong-
ing to the sugar moiety. The sugar residue was identified as
D-xylose by comparison with reported data, which is the form

that usually occurs endogenously in living things.'” The
PC-NMR spectrum of 1 showed signals at 8- 122.4 and
143.8 ppm corresponding to C-12 and C-13 of an olean-12-ene
triterpene type."” A joint analysis of the ’C NMR spectrum with
DEPT and HSQC spectra indicated two oxymethine carbons at
0c 81.9 ppm (C-3) and 78.3 ppm (C-22); one anometic catbon
from the sugar moiety at 6 101.3 ppm (C-1'), three oxymethine
carbons of the sugar moiety at 6 ppm 69.9 (C-4"), 73.5 (C-2")
and 76.5 (C-3') and one oxymethylene carbon at 6 65.3 ppm
(C-5"). The COSY spectrum of 1 showed cross peaks between
H-3 at 8y 3.42 ppm and two diastereotopic protons at Oy
1.52 and 1.36 ppm corresponding to Ha-2 and Hb-2, respec-
tively. The spectrum also showed important correlation
between the proton at 0y 3.18 ppm (H-22) (which ovetlaps
with two other proton signals) and two diastereotopic protons
at 6y 1.63 ppm and 1.57 ppm corresponding to Ha-21 and
Hb-21, respectively. The HMBC correlation spectrum of 1
enabled us to locate the sugar moiety on the aglycon. The spec-
trum showed correlation between the anomeric proton at 8y
420 ppm (H-1) and C-3 at 6. 81.9 ppm of the aglycon
moiety, suggesting that the sugar moiety is attached to the
aglycon on C-3. All of these spectral data led to the identification
of compound 1 as 3-O-f-D-xylopyranosylolean-12-en-22-ol to
which the trivial name erythrinoside was given. To the best of
our knowledge, this compound is isolated for the first time
from a natural source.

The known compounds have been previously described in
many other plants, lupeol (2),'® a-sophoradiol (3),'¢ isoneorau-
tenol (4),"” and D-mannitol (5).*° Their structures were deter-
mined by comparison with the data from the literature
referenced above respectively.

The ethyl acetate and methanol extracts and the isolated
compounds from Erythrina senegalensis were evaluated for their
antidiabetic capacity by measuring their a-amylase and
a-glucosidase inhibition (Table 1); the results are reported as
inhibition percentages and ICs, values of a-amylase and
a-glucosidase inhibition. The methanol extract showed higher
inhibition (46.3%) of a-amylase at the dose of 400 mg/mL
than the ethyl acetate extract (39.9%) at the same dose. Both
extracts showed moderate activity on the inhibition of
a-amylase. Likewise, among the tested compounds, erythrino-
side (1) showed the best percentage inhibition (54.6%) of
a-amylase at the dose of 400 ng/mL, followed by isoneoraute-
nol (4) (53.3%) and sophoradiol (3) (48.2%) at the same dose.
Lupeol (2) exhibited weak inhibition (19.2%) of a-amylase.
For a-glucosidase, all samples showed promising inhibition
above 50% at 200 pg/mL. The ethyl acetate extract (65.5%),
erythrinoside  (63.3%) and (66.0%) had
petcentage inhibitions closer to that of acarbose at 200 ng/
ml, while the methanol extract (72.1%) showed the highest
inhibition among all tested samples, and acarbose as well. The
methanol of E. senegalensis was
than acarbose with an ICsy of 81.2+0.9 ng/mL compared
to 94.5+0.7 ugml for
Erythrinoside and

isoneorautenol

extract more active
acarbose in

sophoradiol

the a-glucosidase
have the

assay. same
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Figure 1. Structures of compounds (1-5) isolated from E. senegalensis

aglycon. However, erythrinoside was more active than
sophoradiol, which could be due to the presence of a sugar
moiety in its structure which correlated positively with
the antidiabetic activity. D-mannitol was not tested because it
was obtained in small amount. All samples tested were less
active than acarbose (72.5% inhibition) used as a reference
drug. Compounds 1 and 4 and the extracts showed good inhi-
bition percentages on a-amylase and a-glucosidase and could
be applied in the management of diabetic conditions.

Material and Methods

General Excperimental Procedure

Column chromatography (CC) was performed on silica gel 60
(70-230 mesh, Merck), and thin layer chromatography (TT.C) on
silica gel pre-coated plates F-254 Merck (20X 20 cm).
Compounds were visualized under UV light (254 and 365 nm),

then sprayed with dilute sulfuric acid, and heated. The 'H and
C NMR data were recorded on Bruker Avance AV-500 and
600 spectrometers, with trimethylsilane (TMS) as standard.
Chemical shifts are given in ppm () and coupling constants (J)
in Hz. HR-TOF-MS LD" spectra were registered on a QTOF
Spectrometer (Bruker, Germany).

Plant Material

The roots wood of Erythrina senegalensis was collected in
Ngaoundere in the Adamawa Region during July 2020. The
plant was identified at the National Herbarium of Cameroon
(NHC) with the voucher number: N° 50119 NHC.

Exctraction and Isolation Procedure

The roots of Erythrina senegalensis were collected, dried at room
temperature then ground into powder. Two Kg of the plant
material was successively extracted by maceration at room
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Table 1. a-Amylase and a-Glucosidase Inhibition by Extracts and
Tested Compounds.

a-amylase a-glucosidase
Y%inh. 1Cs % inh.
(400 pg/ (ng/ (200 ng/  ICso (ng/
Samples mL) mL) mL) mlL)
Ethyl acetate 39.9 >400 65.5 1273+1.4
extract
Methanol extract 46.3 >400 72.1 81.2+0.9
Erythrinoside (1) 54.6 291.4 + 63.3 103.3+0.5
0.5
Lupeol (2) 19.2 >400 53.0 176.1+1.2
a-Sophoradiol 48.2 >400 57.0 144.8+0.3
)
Isoneorautenol 53.3 325.8 + 66.0 111.6+1.1
“ 1.0
Acarbose 72.5 2633+ 69.0 94.5+0.7

25

temperature with 10 L of ethyl acetate and 8 L. of methanol. For
each solvent, extraction was made three times at the rate of one
extraction every 72 h before moving on to the next solvent. The
resulting solutions were evaporated using a rotary evaporator to
obtain 30 g of ethyl acetate crude extract and 33 g of methanol
crude extract. Twenty-five g of each extract was separated
through column chromatography on silica gel using a gradient
system of n-hexane/ethyl acetate (0 — 100%) and ethyl
acetate/methanol (0 — 100%). From the ethyl acetate extract,
352 fractions were obtained and grouped into sixteen sub-
fractions (A-P), according to their TLC profile. Sub-fractions
B, C, D and G crystallized and were filtered and washed to
obtain compounds 2 (1000 mg), 4 (15 mg), 3 (14 mg) and 1
(10 mg), respectively. Likewise, from the methanol extract,
200 fractions were collected and grouped into ten sub-fractions
(A—]), out of which only sub-fraction E could be studied; this
afforded compound 5 (3 mg) by purification using column
chromatography.

General NMR Data of Componnds 1 to 5

Erythrinoside (1)<PE: Please Check Heading Ievel.>. Amorphous
beige solid; HR-ESI-MS(+) m/3=597.4129 [M+Na]*
(Caled. for C35HsgO6+Na, 597.4131); '"H NMR (CD5OD,
600 MHz) 6y ppm : 5.26 (H-12, 4 J=7.6 Hz), 420 (H-1/, 4,
J=7.6Hz), 349 (H-4, m), 3.42 (H-3, dd, [=8.0, 3.1 Hz),
3.32 (H-3', m), 3.18 (H-22, dd, J=13.6, 4.2 Hz), 3.17 (H-2/,
m), 3.14 (H-5'a, m), 3.85 (H-5'b, m), 2.11 (H-9, m), 2.03
(H-18, =), 1.90 (H-16a, m), 1.93 (H-16b, ), 1.80 (H-11a,
m), 1.03 (H-11b, m), 1.78 (H-15a, m), 1.04 (H-15b, =), 1,76
(H-19, m), 1.63 (Ha-21, m), 1.57 (Hb-21, m), 1,58 (H-6a, m),
1,45 (H-6b, m), 1,53 (H-1a, m), 1,36 (H-1b, m), 1.52 (H-2a,
m), 1.36 (H-2b, m), 1,39 (H-7, m), 1.15 (H-27, ), 1.05 (H-23,
9, 1.02 (H-26, ), 1.00 (H-25, ), 1.00 (H-28, ),0.93 (H-29, v),
0.90 (H-30, s, 0.81 (H-24, ), 0.77 (H-5, m).

C NMR (CD;0D, 150 MHz) 8¢ ppm: 36.4 (C-1), 26.5
(C-2), 81.9 (C-3), 384 (C-4), 55.3 (C-5), 18.1 (C-6), 32.7
(C-7), 39.4 (C-8), 44.8 (C-9), 36.6 (C-10), 23.2 (C-11), 122.4
(C-12), 143.8 (C-13), 41.8 (C-14), 25.4 (C-15), 27.3 (C-16),
254 (C-17), 454 (C-18), 46.1 (C-19), 29.8 (C-20), 38.6
(C-21), 782 (C-22), 27.5 (C-23), 14.7 (C-24), 14.9 (C-25),
162 (C-26), 242 (C-27), 27.3 (C-28), 31.2 (C-29), 19.7
(C-30), 101.3 (C-1), 73.5 (C-2), 76.5 (C-3), 69.9 (C-4"), 65.3
(C-5).

Lupeol (2). White solid; EST-MS (+) 7/z=449.9 [M + Na] " for
C30Hs00; 'H NMR (CDCls, 500 MHz) ;1 ppm: 4.55 (H-29, 4,
J=1,6 Hz), 3.21 (H-3, ), 2.45 (H-19, m), 1.93 (H-21a, ), 1.32
(H-21b, m), 1.67 (H-30, s), 1.66 (H-13, ), 1,52 (H-6a, ), 1.63
(H-1a, m), 0.92 (H-1b, ), 1.51 (2H, m, H-2a and 2b), 1.38
(H-6b, 7), 1,37 (2H, m, H-Ta and 7b),1.47 (Ha-21, m), 1.35
(H-16a, ), 1,45 (H-16b, ), 1.25 (H-9, ), 1.37 (H-22a, ),
1,18 (H-22b, ), 1.03 (H-26, 5 0,95 (H-27, 5), 0.90 (H-23, ),
0.85 (H-25, 9, 0.79 (H-28, 5); 0.77 (H-24, 5. C NMR
(CDCl;, 125 MHz) 8¢ ppm: 38.7 (C-1), 27.5 (C-2), 78.9
(C-3), 38.8 (C-4), 55.2 (C-5), 18.4 (C-6), 34.3 (C-7), 41.0
(C-8), 50.5 (C-9), 37.2 (C-10), 20.9 (C-11), 25.3 (C-12), 38.1
(C-13), 42.8 (C-14), 27.4 (C-15), 35.3 (C-16), 42.4 (C-17),
484 (C-18), 47.9 (C-19), 151.1 (C-20), 29.6 (C-21), 39.9
(C-22), 27.9 (C-23), 15.7 (C-24), 162 (C-25), 159 (C-20),
14.7 (C-27), 17.8 (C-28), 109.5 (C-29), 19.4 (C-30).

a-Sophoradiol (3). White powdet; ESI-MS (+) »/3=465.8
[M +Na]* for C3,Hs0O5; 'H NMR (CD;OD, 500 MHz) 6y
ppm: 527 (H-12, 4 J=7.5Hz), 341 (H-3, dd, ]=8.0,
3.1 Hz), 3.17 (H-22, dd, ] =13.6, 4.2 Hz), 1.55 (H-9, 7), 1.02
(H-16a, 7), 0.99 (H-16b, 7), 1.91 2H, m, H-11a and 11b),
1.78 (H-15a, %), 1.04 (H-15b, m), 1,76 (2H, m, H-19a and
19b), 1.47 (Ha-21, ), 1.35 (Hb-21, m), 1,58 (H-6a, ), 1,45
(H-6b, ), 1,66 (H-1a, ), 1,00 (H-1b, ), 1.64 (H-2a, ),
1.57 (H-2b, m), 1,41 (2H, m, H-7a and 7b), 2.03 (H-18, ),
1.14 (H-27, 5, 1.05 (H-23, 5), 1.02 (H-26, ), 0.80 (H-25, ),
1.31 (H-28, ), 0.92 (H-29, ), 0.85 (H-30, ), 0.99 (H-24, ),
0.75 (H-5, 7). >C NMR (CD;OD, 150 MHz) 8¢ ppm: 38.4
(C-1), 26.5 (C-2), 75.5 (C-3), 38.6 (C-4), 55.3 (C-5), 18.1
(C-6), 32.8 (C-7), 39.4 (C-8), 48.2 (C-9), 36.6 (C-10), 23.1
(C-11), 122.3 (C-12), 143.8 (C-13), 41.9 (C-14), 25.5 (C-15),
273 (C-16), 25.4 (C-17), 453 (C-18), 46.1 (C-19), 29.9
(C-20), 40.8 (C-21), 78.2 (C-22), 27.6 (C-23), 14.7 (C-24),
149 (C-25), 162 (C-26), 24.0 (C-27), 28.4 (C-28), 31.1
(C-29), 19.0 (C-30).

Isoneorantenol (4). Gray powdet; ESI-MS (4) »/z=345.5 M+
Na]* for CooH;504; 'H NMR (CD5OD, 500 MHz) 8y ppm:
7.29 (H-1, 4, ]=8.4 Hz), 6.92 (H-7, 5, 6.51 (H-2, dd, ]=8.4,
2.4 Hz), 6.32 (H-4, d, J=2.4 Hz), 6.30 (H-4, d, ]=9.8 Hz),
551 (H-3, 4 J=9.8 Hz), 543 (H-11a, d, J=6.8 Hz), 4.22
(H-6eq, dd, ]=10.7, 4.8 Hz), 3.53 (H-6ax, »), 3.43 (H-6a, m),
1.39 (H-5, ), 1.37 (H-6/, §). °C NMR (CD;0D, 125 MH)
oc ppm: 111.3 (C-1a), 131.7 (C-1), 109.3 (C-2), 158.7 (C-3),
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102.7 (C-4), 156.6 (C-4a), 66.1 (C-6), 39.4 (C-6a), 119.5 (C-Ta),
1219 (C-7), 1148 (C-8), 1542 (C-9), 98.3 (C-10), 160.1
(C-10a), 78.6 (C-112), 76.0 (C-2'), 127.0 (C-3), 121.9 (C-4),
26.8 (C-5), 26.7 (C-6).

D-Mannito! (5). White solid; ESI-MS (4) »/3=205.06 [M+
Na|* for CeH404; "H NMR (DMSO-d,, 600 MHz) 8y ppm:
4.50 (2H, d, J=5.8 Hz, HO-2 and 5), 4.40 (2H, # J=6.0 Hz,
HO-1 and 6), 425 2H, 4, [=7,3 Hz, HO-3 and 4), 3.60
(2H, m, H-1a and 6a), 3,55 2H, # J=7,1 Hz, H-3 and 4),
345 2H, m, H-2 and 5), 3,40 (2H, », H-1b and 6b). °C
NMR (DMSO-dg, 150 MHz) 8¢ ppm: 64.3 (C-1 and 6), 71.7
(C-2 and 5), 70.0 (C-3 and 4).

In Vitro a-Amylase Inbibition Assay

The a-amylase inhibition assay was performed using the
3 5-dinitrosalicylic acid (DNSA) method.”! Extracts and com-
pounds (1, 2, 3 and 4) isolated from Erythrina senegalensis wetre
dissolved in a minimum amount of 10% DMSO and further
dissolved in buffer [(Na,HPO,/NaH,PO, (0.02 M), NaCl
(0.006 M) at pH 6.9] to give concentrations of 100, 200 and
400 pg/mL. Two hundred pL of a@-amylase solution (2 units/
ml) was mixed with 200 pL. of the extract and incubated
for10 min at 30 °C. Thereafter 200 pL of starch solution (1%
in water (w/v)) was added to each tube and incubated for
3 min. The reaction was terminated by the addition of 200 pL
DNSA reagent (12 g of sodium potassium tartratetetrahydrate
in 80mL of 2M NaOH and 20mL of 96mM
3.5-dinitrosalicylic acid solution) and was boiled for 10 min in
a watet bath at 85-90 °C. The mixture was cooled to ambient
temperature and diluted with 5 mL of distilled water; the absor-
bance was measured at 540 nm using a UV-Visible spectropho-
tometer. The blank with 100% enzyme activity was prepared by
replacing the plant extract or/compound with 200 pL of buffer.
A positive control sample was prepared using acarbose and the
reaction was performed similarly to the reaction with plant
extract, as mentioned above. The a-amylase inhibitory activity
was expressed as percentage inhibition and was calculated
using the equation given below:

Abs control — Abs sample
X 100

% inhibition of a-amylase = D |
s contro

In Vitro a -Glucosidase Inhibition Assay

B-Glucosidase inhibitory activity was determined as described
clsewhere.” Briefly, mixtures of 20 pl. sodium phosphate
buffer (pH 5.0), 20 pL p-nitrophenyl-B-D-glucopyranoside
(Sigma Chemical Co., 1 mg/mL) and 10 pL of the sample at dif-
ferent concentrations (dissolved in DMSO) wete incubated in a
96-well plate at 37 °C for 10 min, followed by the addition of
10 pL. B-glucosidase solution from almonds (Sigma Chemical
Co.,, 5mg/mlL) to each well, and incubation at 37 °C for

30 min. The reaction was terminated by adding 140 pL of
sodium carbonate buffer, pH=10. Absorbance was deter-
mined at 410 nm using a microplate reader (iTecan
Microplate). To the control and blank were added 10 pL
DMSO instead of the sample solution. The system without 3
-glucosidase was used as blank, and acarbose was used as pos-
itive control. The B-glucosidase inhibitory activity was
expressed as the percentage of inhibition and calculated by
the following equation:

% inhibition of

a-glucosidase = 100 X <1

ODsample — ODblank
ODcontrol — ODblank

Conclusion

Investigation of the chemical constituents from the roots of
Erythrina senegalensis resulted in the isolation and characterization
of five compounds, including one new oleanane-type triterpenoid
glycoside (erythrinoside) and four known compounds. The anti-
diabetic potential of the extracts and the isolated compounds
were evaluated by measuring the inhibition of o-amylase.
Compounds 1 and 4 exhibited good a-amylase inhibitory poten-
tial, while the extracts exhibited moderate activities by showing
appreciable percentage inhibition of the enzyme. Since
a-amylase is a key enzyme involved in the breakdown of starch
into glucose, inhibiting this enzyme can delay starch hydrolysis
and reduce the amount of glucose in the system. This is a favor-
able phenomenon in diabetic conditions thus indicating that
Erythrina senegalensis and its constituents could be potent candi-
dates for the development of antidiabetic therapies.

Acknowledgments

The authors are grateful to the Laboratory of NMR and Molecular
Imaging of the University of Mons for conducting NMR analysis of
the isolated compounds. We are also grateful to the Department of
Chemistry, Physics and Environment of ‘Dunarea de Jos” University,
Galati for the material support.

Declaration of Conflicting Interests

The authoz(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship and/or publication of this article.

Ethical Approval

Ethical Approval is not applicable for this article.



Natural Product Communications

Statement of Human and Animal Rights

This article does not contain any studies with human or animal

subjects.

Statement of Informed Consent

There are no human subjects in this article and informed consent is not
applicable.

Trial Registration

Not applicable, because this article does not contain any clinical trials.

ORCID iD

Alfred Ngenge Tamfu https://orcid.org/0000-0001-6683-3337

Supplemental Material

Supplemental material for this article is available online.

References

1. Bioltif YE, Sase TJ, Nehemiah TO. Phytochemical screening and
review of the pharmacological importance of Erythrina senegalensis.
Int | Trend Sci Res Develop. 2020;4(3):292-296.

2. Bunu IM, Waziri I, Umaru U. Medicinal potentials of Erythrina sen-
egalensis: a review. Chem Res ]. 2018;3(2):141-146.

3. Lee JS, Oh KW, Ahn ]S, Kim YH, Mbafor JT, Wandji J.
Prenylisoflavonoids from Erythrina senegalensis as novel HIV-1 pro-
tease inhibitors. Planta Med. 2008;5:268-270.

4. Togola A, Austerheim I, Theis A, Diallo D, Paulsen BS.
Ethnorpharmacological uses of Erythrina senegalensis: a comparison
of three areas in Mali, and a link between traditional knowledge
and modern biological science. | Ethnobiol Ethnomed. 2008;4:1-9.

5. Doughari JH. Evaluation of antimicrobial potential of stem bark
extracts of Erythrina senegalensis DC. Afr | Microbiol Res. 201054-
(7):1836-1841.

6. Tlodigwe E, Okonkwo B, Agbata C, Ajaghaku D, Eze P. Wound
healing activity of ethanol leaf extract of Erythrina senegalensis. Br
] Pharm Res. 2014;4(4):531-540.

7. Bilanda DC, Bidingha RG, Dzeufiet PDD, et al. Antihypertensive
and antidiabetic activities of Erythrina senegalensis DC (fabaceac)
stem bark aqueous extract on diabetic hypertensive rats.
] Ethnopharmacol. 2020;246:112-200.

8. Meragelman KM, McKee TC, Boyd MR. Anti-HIV prenylated
frlavonoids from Monotes africanus. | Nat Prod. 2001;64(4):546-548.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Souleymane F, Chatlemagne G, Moussa O, et al. DPPH Radical

scavenging and lipoxygenase inhibitory effects in extracts from
Erythrina  senegatensis DC  (Fabaceae). Afr ] Pharm  Pharmacol.
2016;10(11):185-191.

Saidu K, Onah |, Orisadipe A, Olusola A, Wambebe C, Gamaniel
K. Antiplasmodial, analgesic, anti-inflammatory activities of the
aqueous extract of the stem bark of Erythrina senegalensis.
] Ethnopharmacol. 2000;71(1-2):275-280.

Wandji J, Nkengfack AE, Fomum ZT, Ubillas R, Killday KB,
Tempesta MS. A new prenylated isoflavone and long chain esters
from two Erythrina species. | Nat Prod. 1990;53(6):1425-1429.
Donfack JH, Njayou FN, Ngameni B, Tchana A, Chuisseu PD,
Finzi PV. In vitro hepatoprotective and antioxidant activities of
diprenylated isoflavonoids from Erythrina senegalensis (Fabaceae).
Asian ] Tradit Med. 2008;3(5):72-178.

Wandji J, Fomum ZT, Tillequin F, Baudouin G, Koch M, Seguin
E. Erythrina studies. Part 24. Two isoflavones from Erythrina sen-
egalensis. Phytochemistry. 1994;35(1):245-248.

Iwu MM. Handbook of African medicinal plants (2nd ed). Taylor and
Francis group LLC. 2010:216-217.

Mahato SB, Kundu AP. *C NMR spectra of pentacyclic triterpe-
noids. A compilation and some salient features. Phytochemistry.
1994;37(6):1517-1575.

Ndom JC, Vardamides KJC, Wansi JD, Kamdem AW, Mbafor JT,
Fomum ZT. Constituents of Erythrina sigmoidea. Bull Chem Soc
Ethigp. 2001;15(2):151-156.

Khodakov GV. Triterpene and stereoidal glycosides from
the genus Melilotus and their genins. Chemr Nat  Compd.
2010;46(4):572-575.

Tamfu AN, Sawalda M, Fotsing MT, et al. A new isoflavonol and
other constituents from Cameroonian propolis and evaluation of
their anti-inflammatory, antifungal and antioxidant potential.
Sandi | Biol Sci. 2020;27(6):1659-1666.

Quieroz EF, Atindehou KK, Terreaux C, Antus S, Hotettmann K.
Prenylated isoflavonoids from root bark of Erythrina vogelii. | Na#
Prod. 2002;65(3):403-406.

Nyemb JN, Mekontso L, Talla E, et al. Lipids constituents from
Gadenia agualla stapf & hutch. Open Chem. 2018;16:371-376.
Wickramaratne MN, Punchihewa JC, Wickramaratne M. In-vitro
alpha amylase inhibitory activity of the leaf extracts of
Adenanthera pavonina. BMC Complement Altern Med. 2016;16(1):466.
Chokki M, Cudilbeanu M, Zongo C, et al. Exploring antioxidant
and enzymes (o-amylase and B-glucosidase) inhibitory activity of
Morinda lucida and Momordica charantia leaves from Benin. Foods.
2029;9(4):434.


https://orcid.org/0000-0001-6683-3337
https://orcid.org/0000-0001-6683-3337

	 Introduction
	 Results and Discussion
	 Material and Methods
	 General Experimental Procedure
	 Plant Material
	 Extraction and Isolation Procedure
	 General NMR Data of Compounds 1 to 5
	 Erythrinoside (1)<PE: Please Check Heading Level.≫
	 Lupeol (2)
	 α-Sophoradiol (3)
	 Isoneorautenol (4)
	 D-Mannitol (5)

	 In Vitro α-Amylase Inhibition Assay
	 In Vitro α -Glucosidase Inhibition Assay

	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


