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Abstract

Background Obesity is a global health issue arising from the unhealthy accumulation of fat. Medicinal plants such
as Alstonia boonei stem bark has been reported to possess body weight reducing effect in obese rats. Thus, this study
sought to investigate the in vitro and in silico effects of fractions from Alstonia boonei stem bark on selected obesity-
related digestive enzymes and adipogenesis in 3T3-L1 preadipocytes.

Method Two fractions were prepared from A. boonei: crude alkaloid fraction (CAF) and crude saponin fraction (CSF),
and their phytochemical compounds were profiled using Liquid chromatography with tandem mass spectrometry
(LCMS/MS). The fractions were assayed for inhibitory activity against lipase, a-amylase and a-glucosidase, likewise
their antiadipogenic effect in 3T3-L1 adipocytes. The binding properties with the 3 enzymes were also assessed using
in silico tools.

Results Eleven alkaloids and six saponin phytochemical compounds were identified in the CAF and CSF using LCMS/
MS. The CAF and CSF revealed good inhibitory activity against pancreatic lipase enzyme, but weak and good activ-
ity against amylase respectively while only CSF had inhibitory activity against a-glucosidase. Both fractions showed
antiadipogenic effect in the clearance of adipocytes and reduction of lipid content in 3T3-L1 adipocytes. The LCMS/
MS identified compounds (41) from both fractions demonstrated good binding properties with the 3 enzymes,

with at least the top ten compounds having higher binding energies than the reference inhibitors (acarbose and orl-
istat). The best two docked compounds to the three enzymes were firmly anchored in the substrate binding pockets
of the enzymes. In a similar binding pattern as the reference acarbose, Estradiol-17-phenylpropionate (-11.0 kcal/mol)
and 3a-O-trans-Feruloyl-2 a -hydroxy-12-ursen-28-oic acid (-10.0 kcal/mol) interacted with Asp197 a catalytic nucleo-
phile of pancreatic amylase. Estradiol-17-phenylpropionate (-10.8 kcal/mol) and 10-Hydroxyyohimbine (-10.4 kcal/
mol) interacted with the catalytic triad (Ser152-Asp176-His263) of pancreatic lipase while Estradiol-17-phenylpropi-
onate (-10.1 kcal/mol) and 10-Hydroxyyohimbine (-9.9 kcal/mol) interacted with Asp616 and Asp518 the acid/base
and nucleophilic residues of modelled a-glucosidase.
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Conclusion The antiobesity effect of A. boonei was displayed by both the alkaloid and saponin fractions of the plant

via inhibition of pancreatic lipase and adipogenesis.
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Introduction

Obesity is a global epidemic affecting both developed
and developing countries [1]. Obesity is characterized
by the uneven accumulation and distribution of fat usu-
ally accompanied by systemic inflammation [2]. Besides
social stigmatization and health costs of obesity on indi-
viduals [3], obesity is a risk health factor for several dis-
orders, such as hyperglycemia, type 2 diabetes mellitus,
dyslipidemia, hypertension, osteoarthritis, heart attack, a
few forms of cancer and mortality [4, 5].

Globally, in 2016, over 650 million adults aged 18 and
above were obese representing about 13% of the adult
world population but as for children and adolescents who
were 5-19 years, over 340 million were overweight or
obese in the same period [6]. According to the National
Center for Health Statistics of the U.S. Centers for Dis-
ease Control and Prevention (CDC), the average Ameri-
can has put on 15 or more additional pounds without
getting any taller since the late 1980s and early 1990s [7].
According to Hales et al. [8], the obesity rate increased
to over 42% among adults in the USA from 2000 to 2018.
Recent national data on obesity trends in Africa are
scarce because fighting undernutrition and food inse-
curity has been the focus, although overnutrition and
undernutrition co-exist in many African countries [9].

The path of balancing energy intake with adequate
energy expenditure is highly recommended in the pre-
vention of obesity. However, there are several options in
the treatment or management of obesity, of which more
than one way is recommended, these include physical
activity (exercise), dieting, weight-loss medications, sur-
gery, browning of white fat cells and hormonal treatment.
According to Busetto et al. [10], most obesity manage-
ment guidelines recommend anti-obesity medications
and bariatric surgery in patients with higher body mass
index (BMI) values (BMI>40 kg/m?) except in cases
where obesity-related comorbidities are pertinent.

Current antiobesity medications vary in their mech-
anisms of action which include inhibition of diges-
tive enzymes of fat or sugar from food, increase energy
expenditure, appetite suppression, inhibition of adipo-
genesis/lipogenesis and stimulation of lipolysis/apop-
tosis. The development of antiobesity agents has been
characterized by failures at preclinical or clinical phases,
medical prescription restrictions, and outright bans or
withdrawals due to adverse effects. Current antiobesity
drugs approved by Food and Drug Administration (FDA)

include orlistat, liraglutide, diethylpropion, phenter-
mine, phendimetrazine, and benzphetamine, lorcaserin,
bupropion/naltrexone and topiramate/phentermine [11,
12]. While lorcaserin has been disapproved in the USA
in 2020 due to adverse effects, semaglutide was approved
in 2021 as a glucagon-like peptide 1 receptor [12]. Many
of these drugs are unavailable and/or rarely available in
developing countries and where they could be found they
are very expensive for lower- and middle-class citizens.

The search for less expensive, less side effects, very effec-
tive and available antiobesity drugs from medicinal plants
is ongoing. In this study, the plant of interest Alstonia
boonei De Wild is a specie of Alstonia which consists of
over 40 species, native to tropical and subtropical Africa,
Australia, Southeast Asia and Central America (www.
theplantlist.org; https://powo.science kew.org/results?q=
Alstonia%20boonei). Alstonia boonei, commonly called
Alstonia or cheese wood, is called égbu or egbun (Igbo),
ahun (Yoruba), Ukhu (Edo) and Ukpukunu (Urhobo) in
Nigerian languages. It is used in African traditional medi-
cine for the management and treatment of malaria, rheu-
matic pain, toothache, ulcer and inflammatory disorders
[13]. Previous research has reported that Alstonia boonei
possesses hypoglycemic activity [14], hypotensive activity
[13] and antiobesity activity [15]. The ethanol extract of
A. boonei stem bark has been reported to decrease body
weight and fat mass as well as triglyceride levels in obese
male Wistar rats [15]. However, the mode of action of
the plant’s antiobesity effect as well as possible fractions/
compounds within the plant with antiobesity properties
have not been reported, thus this became the basis for the
current study. This study investigates the in vitro and in
silico effects of fractions from Alstonia boonei stem bark
on selected obesity-related digestive enzymes and adipo-
genesis in 3T3-L1 preadipocytes.

Materials and methods

Chemicals

Orlistat (PHR1445-1G; Lot#LRAA2822) and Acar-
bose (PHR1253-500MG; Lot#LRAA9057) were pur-
chased from Sigma-Aldrich Co., USA, and were used
as reference drugs. Alpha amylase (A3176-1MU; Lot#
SLCL3712) from porcine pancreas type VI-B, alpha glu-
cosidase type I from bakers yeast (G0660-750UN), and
lipase from porcine pancreas (L0382-100KU; Lot# SLCB
1687) were purchased from Sigma-Aldrich, St. Lious,
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MO USA. Also, p-Nitrophenyl butyrate (N9876-1G;
Lot# SLBW9021) and morpholinepropanesulphonic acid
MOPS (M1254-25G; Lot# BCBZ6901) were purchased
from Sigma-Aldrich, St. Lious, MO USA.

Identification and preparation of plant material

The fresh stem bark of A. boonei de Wild was garnered
from an area in Umuekwune autonomous community,
Imo State, Nigeria. Authentication of the plant and allo-
cation of voucher number (GA134-7421) was done by Dr.
Jerome O. Thuma from Bingham University (Department
of Biological Sciences), Nasarawa State, Nigeria. The
experiments and field studies conducted on A. boonei,
including the collection of plant material, were in adher-
ence to relevant institutional, national, and international
guidelines and legislations. The A. boonei stem bark was
cut into tiny pieces, air-dried at 23-25 oC and crushed
into powder. Exactly 6 kg of plant powder was macerated
using 15L methanol for three days at room temperature
and repeated twice. Filtration was done using Whatman
No. 1 filter paper and the filtrate collected was evapo-
rated to slurry using a rotary evaporator under reduced
pressure at 40 °C. The methanol extract that yielded
1.29 kg (21.5%) was extracted with n-hexane to remove
the oils resulting in defatted methanol extract.

Preparation of saponin and alkaloid fractions

The crude alkaloid fraction (CAF) and crude saponin
fraction (CSF) of A. boonei were obtained by the proce-
dures reported by Sarker et al. [16]. Extraction of 500 g
of defatted methanol extract was done with 1N H,SO,,
and the solution was stirred till homogeneity is attained,
then ammonia was added to achieve 7.0 pH in an ice-
block container; thereafter partitioned with ethyl acetate
(3x500 ml) using a separating funnel and the ethyl ace-
tate partition was concentrated via evaporation at 50 °C
using rotary evaporator to yield the 146 g (29.2%) crude
alkaloid fraction (CAF). For saponins, 500 g of defatted
methanol extract was dissolved in 500 ml distilled water
and partitioned with n-butanol (3x500 ml). The aque-
ous partition was separated from the butanol partition
using separating funnel. Thereafter, 93 g (18.6%) of CSF
was precipitated by the addition of diethyl ether to the
n-butanol partition and then collected after decantation
and centrifugation.

LC-MS/MS analysis

The chromatographic separations of diluted frac-
tions were executed on Agilent 1290 Infinity LC system
attached to Agilent 6520 Accurate-Mass Q-TOF mass
spectrometer on ESI positive and negative modes. The
LC-ESI-MS parameters and experiment were performed
as previously described by Anyanwu et al. [17]. The CSF
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and CAF fractions with the concentration of 5 mg/ml
were analysed using Agilent 1290 Infinity LC system cou-
pled to Agilent 6520 Accurate-Mass Q-TOF mass spec-
trometer with dual ESI source for positive and negative
polarity. The liquid column was Agilent eclipse XDB-C18
narrow-bore, 150 mmx2.1 mm and 3.5-micron. Other
LC parameters were set at 25°C column temperature,
4°C autosampler temperature and 0.5 mL/mins flowrate.
The solvents used were 0.1% formic acid in water (A) and
acetonitrile (B) with an injection volume of 1.0pL. The
run and post run time were 25 and 5 min respectively.
The MS parameters were as follows: source voltage was
3500 V, the fragmentor voltage and skimmer were 125 V
and 65 V respectively and OCT 1 RF Vpp was 750 V. The
drying gas was set at 10 L/min and the gas temperature at
300 °C. Analyses were carried out on full scan mode, 100
— 3200 mass range (m/z), and processing of acquired data
was done with Agilent MassHunter Qualitative Analysis
B.05.00.

Determination of in vitro pancreatic lipase inhibitory
activity

Pancreatic lipase inhibitory activity of the plant fractions
was assayed using the protocol described by Kim et al.
[18] with some modifications. The enzyme buffer was
made by adding 1 mM EDTA pH 6.8 and 10 mM mor-
pholinepropanesulphonic acid, while the assay buffer was
Tris buffer. To each well was added 164uL of assay buffer,
6pL pancreatic lipase solution (1 mg of enzyme/mL of
enzyme buffer), 20uL of either the plant fractions/orl-
istat at different concentrations (0, 2.35, 4.69, 9.38, 18.75,
37.5, 75, 150, and 300 pg/mL) and incubated for 10 min
at 37 °C. Then, 10uL of 10 mM p-nitrophenylbutyrate
in assay buffer was included and incubated at 37 °C for
exactly 15 min. All tests were performed in triplicates
and the absorbance was read at 405 nm using a micro-
plate reader. Lipase inhibitory activity by the plant frac-
tions was calculated from the formula below:

Lipase inhibition (%) = 100 — ((B — b/A — a) x 100)

Where B=activity with inhibitor, A=activity without
inhibitor, b=negative control with inhibitor and a=neg-
ative control without inhibitor.

Determination of in vitro alpha amylase inhibitory activity

The starch-iodine test was used to assay for a-amylase
inhibitory activity of plant fractions in a microtitre plate
as reported by Xiao et al. [19]. Exactly 25uL of assay
buffer, 0.02 M sodium phosphate buffer, 20uL of soluble
starch solution (1%, w/v) and 20pL of plant extracts/acar-
bose (0, 7.81, 15.63, 31.25, 62.5, 125, 250, 500, 1000 ug/
mL) were incubated at 37 °C for 5 min. Afterward, 15uL
of amylase solution (6 mg/mL) was placed into each
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well and incubated at 37 °C for exactly 15 min. Thereaf-
ter, 20uL of 1 M HCl was included to stop the enzymatic
reaction, and 100pL of iodine reagent (5 mM I, and
5 mM KI) was added. The change in colour was noted
and subsequently, absorbance was measured at 620 nm
on a microplate reader. The calculation of percentage
inhibition of alpha amylase:

% Inhibition = (Abs of test/Abs of control) x 100

Determination of in vitro alpha-glucosidase inhibitory
activity

The inhibition of alpha-glucosidase was determined by
the protocol described by Johnson et al. [20]. Exactly
50puL of plant fractions/acarbose (0, 2.35, 4.69, 9.38,
18.75, 37.5, 75, 150, and 300 pg/mL), 50uL positive con-
trol, or 50uL reagent blank were added to a 96-well plate.
Then, 100puL of a 1.0U/mL a-glucosidase buffer solution
was included and incubated for 10 min at 25 °C. Then,
50uL of a 5 mM p-nitrophenyl-a-D-glucopyranoside
solution was injected into each well and incubated for
5 min at 25 °C. Subsequently, absorbance was recorded at
405 nm before and after incubation. The percent inhibi-
tion was calculated relative to acarbose (positive control)
and buffer solution only (negative control).

%Inhibition = [(AabsControl — AabsExtract)/AabsControl] x 100

Antiadipogenic properties of the plants on 3T3-L1
adipocytes

Cell culture and differentiation

3T3-L1 preadipocytes were obtained from ZenBio
(Research triangle park, NC, USA) and experiments were
performed using the manufacturer’s manual. Approxi-
mately, 5,000 cells/cm? were placed in tissue culture
treated culture ware using 3T3-L1 preadipocyte culture
Medium (DMEM, high glucose, bovine calf serum (BCS),
HEPES pH 7.4, penicillin, amphotericin B and strepto-
mycin). The cells were maintained until they were 100%
confluent in a 5% CO, incubator at 37 °C for 7 days. The
confluent cells were incubated for an additional 48 h, then
differentiation was initiated by removal of the culture
medium which was replaced with an appropriate volume
of 3T3-L1 differentiation medium (DMEM/Ham’s F-12
medium (1:1, v/v), fetal bovine serum (FBS), HEPES pH
7.4, biotin, human insulin, pantothenate, dexametha-
sone, streptomycin, amphotericin B, penicillin, 3-Isobu-
tyl-1-methylxanthine (IBMX) and PPARy agonist). After
incubation for 3 days, the differentiation medium was
replaced with 3T3-L1 adipocyte maintenance medium
(differentiation medium without IBMX and PPARy
agonist) and incubated for 7 days. Each medium was
changed every other day for better performance.
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Cell viability assay

Cell viability was assessed colorimetrically by an MTT
(3-(4,5-dimetyl-2-thiazolyl)-2,5-diphenyltetrazolium-
bromide) assay as described by Yang et al. [21]. Cells
cultured in DMEM medium were treated with plant frac-
tions (0 (control), 100 and 300 pg/mL) for 2 days. There-
after, they were incubated with a 5 mg/mL MTT solution
for 3 h. Then the cells were dissolved in 0.04 N HCI (in
isopropanol) and the level of formazane formed was ana-
lyzed by reading absorbance at 570 nm against absorb-
ance at 630 nm.

Oil Red O staining of intracellular triglycerides

Differentiated 3T3-L1 adipocytes were gently washed
two times with phosphate buffered saline (PBS), fixed
with formalin (10%) and incubated for 30 min. Formalin
was removed and cells were washed twice with distilled
water. The cells were stained with freshly diluted Oil Red
O solution (0.5% Oil Red O in isopropanol) at room tem-
perature for 1 h. Then the dye retained in the cells was
eluted with isopropanol and quantified by reading the
absorbance at 500 nm [22].

Lipolysis determination

Lipolysis was determined through the measurement
of glycerol released into the medium following the
manufacturer’s protocol (free glycerol reagent, ZenBio,
Research triangle park, NC, USA). Briefly, 100 pug/mL of
plant fractions were placed in plates containing differen-
tiated 3T3-L1 adipocytes and incubated for 24 h. Then,
100 pL of the conditioned medium was incubated with
100 pL of free glycerol reagent for 15 min at 25 °C. Then
glycerol released was quantified by reading absorbance of
each well at 540 nm.

Molecular docking studies of LCMS/MS identified
compounds against a-amylase, lipase and a-glucosidase
Protein structure preparation

The retrieval of protein structures was from the Protein
Data Bank (http://www.rcsb.org) for the deposited three-
dimensional structures of Porcine pancreatic a-amylase
(PPA) (PDBID: 10SE), Porcine pancreatic lipase (PPL)
(PDBID: 1LPB). The existing ligands and water molecules
were removed from all the crystal structures while miss-
ing hydrogen atoms were added using MGL-AutoDock-
Tools (ADT, v1.5.6) [23].

The 3D structure of saccharomyces cerevisiae
a-glucosidase is not yet available; therefore, a homology
model was used to predict the 3D structure. The pro-
tein sequence of Saccharomyces cerevisiae a-glucosidase
with accession no. GAX68588. was downloaded from the
National Centre for Biotechnology Information (NCBI)
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database in a FASTA format. The FASTA sequence of the
enzyme was subsequently used for the modeling. Briefly,
a SWISS-MODEL template library (SMTL) search cou-
pled with sequence alignment was implemented on
Swiss model webserver (https://swissmodel.expasy.org/).
A total of 1324 templates was identified. The list was
filtered down to 50 and then 5 templates. Finally, sac-
charomyces cerevisiae a maltose bound oligo-1,6-glucosi-
dase with PDB ID: 3A4A which shares 72.24% identical
sequence with saccharomyces cerevisiae «-glucosidase
[24] was selected as a template upon which the enzyme
was contracted. The selected template for models had
Global Model Quality Estimate (GMQE) scores of 0.95,
0.690 and 0.628, sequence coverage of 0.993, sequence
identities of 72.41%, and sequence similarities of 0.544.
The sequence alignment is presented in Figure SM2a.
The model was refined by GalaxyRefine [25], a web-tool
available on GalaxyWEB server (http://galaxy.seoklab.
org/). The quality of the refined model was analyzed on
ProSA [26] and ERRAT [27], while Ramachandran plots
were generated on PROCHECK [28]. From the ERRAT
plot analysis, the overall quality factor (OQF) of the
model was 96.80% above the generally accepted score
of >50%, while the Ramachandran phi/psi torsion angles
analysis shows that 99.3% of amino acid residues were in
a favoured region with additional 11.1% in the allowed
region, while 0.2% were in the disallowed region.

Ligand preparation

The retrieval of Structure Data Format (SDF) of acarbose
and orlistat (reference inhibitors), and 41 compounds
identified by LCMS/MS analyses of the CAF and CSF
of A. boonei from the PubChem database (www.pubch
em.ncbi.nlm.nih.gov) preceded their conversion to mol2
chemical format employing Open babel [29]. Also, the
compounds not found on the database were converted to
mol2 chemical format after which they were drawn using
ChemDraw version 19. Non-polar hydrogen molecules
were merged with the carbons, while the polar hydrogen
charges of the Gasteiger-type were assigned to atoms.
Furthermore, ligand molecules were converted to dock-
able PDBQT format with the help of AutoDock Tools.

Molecular docking of phytochemicals with a targeted
active site

The method used in our previous studies was adopted
for this study [30, 31]. The active site targeted molecu-
lar docking with the reference inhibitors and the LCMS/
MS identified compounds against PPA, PPL and modeled
a-glucosidase (mG) was performed using AutoDock Vina
in PyRx 0.8 [32]. For the docking analysis, the ligands
were imported and energy minimization was accom-
plished using OpenBabel [29] incorporated into PyRx
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0.8. The energy minimization parameter and conjugate
gradient descent used were the Universal Force Field
(UFF) and optimization algorithm respectively. Although
other parameters not mentioned were set at default, the
binding site coordinates of the respective target enzymes
PPA (A), PPL (A) and mG (A) for the dimensions are:
center_x (8.55, 22.62, 21.80), center_y (22.62, 27.66,
-5.51), center_z (52.15, 51.07, 18.38), Size x (19.57, 25.00,
25.0), Size y (19.61, 20.29, 26.35) and Size z (17.29, 22.86,
25.0). Discovery Studio Visualizer version 16 was used to
view the molecular interactions.

Statistical analysis

The various experimental data were presented as the
mean+S.E.M and were analysed by One-Way ANOVA
using SPSS version 20 and GraphPad Prism 5, then tested
by Tukey’s Multiple Range Test to ascertain the statisti-
cal significance of difference amongst groups in various
parameters. P <0.05 was taken as the significant level.

Results

Compounds result of the LCMS/MS analysis

Eleven alkaloids were identified in the CAF using LCMS
(positive mode) and they include 10-Hydroxyyohimbine,
3-Hydroxyquinidine, 18-Hydroxyyohimbine, Ajmalicine,
16-Methoxy-2,3-dihydro-3-hydroxytabersonine, Vin-
camine, Aspidofractine, 16-Methoxytabersonine, Mitra-
phylline, Horhammericine and Catharanthine (Table 1;
Fig. 1a, Table SM1a). Among the prominent peaks, three
alkaloids were identified from the negative mode of the
LCMS/MS analysis of CAF of A. boonei, and they are
Cinegalline, Reserpic acid and Horhammericine (Figure
SM1, Table SM1b; Table SM1c). Six saponin compounds
majorly of the lactone and terpene classes were identified
from the CSF of A. boonei using LCMS (negative mode)
and they are Gardenoside, alpha-Carboxy-delta-decalac-
tone, 5-Nonyltetrahydro-2-oxo-3-furancarboxylic acid,
3-O-cis-Coumaroylmaslinic acid, 3alpha-O-trans-Feru-
loyl-2alpha-hydroxy-12-ursen-28-oic acid and Lucidu-
mol A (Table 2; Fig. 1b, Table SM2).

Effect of fractions on a-amylase, lipase and a-glucosidase
activities

The CSF fraction of A. boonei had moderate inhibitory
activity against pancreatic lipase with an IC;; value of
25.37+0.062 pg/mL, while CAF had better inhibitory
activity against pancreatic lipase (IC;,=2.77+0.063 pg/
mL), however, Orlistat (IC;,=0.068£0.063 pg/mL) dis-
played the highest inhibitory activity against pancreatic
lipase (Table 3, Fig. 2A and B). The screening of CAF
and CSF of A. boonei for anti-amylase activity showed
weak and good inhibitory activity against alpha amyl-
ase respectively, but only the CSF of A. boonei showed
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Table 1 Compounds result of the LCMS/MS analysis (positive mode) of Crude alkaloid fraction of A. boonei

Peak RT  Mass Name Formula Sub-class Class
1 441 17009 Furfural diethyl acetal CyHi4 Os Furans Heterocyclic Compounds
2 721 37019 10-Hydroxyyohimbine C,; Hyg N, O, Secologanin Tryptamine Alkaloids — Alkaloids
3 745 22810 Depdecin Ci1 Hig O Epoxide Organic heterocyclic compound
4 795 35813 Sweroside CisHy O Iridoid Glycosides Monoterpenes
5 822 340.18 3-Hydroxyquinidine CyoHyy N, 05 Cinchona Alkaloids Alkaloids
6 847 370.19 18-Hydroxyyohimbine CyyHe N, O, - Alkaloids
7 856  352.18 Ajmalicine G, Hyy N, O3 Monoterpenoid indole alkaloid Alkaloids
8 856 38421 16-Methoxy-2,3-dihydro-3-hydroxytaber-  C,, H,g N, O, Monoterpenoid indole alkaloid Alkaloids
sonine
9 863 354.19 Vincamine C,; Hyy N, O3 Secologanin Tryptamine Alkaloids — Alkaloids
10 874 366.19 Aspidofractine C,;, Hy N, O5  Indole alkaloid Alkaloids
1 887 36620 16-Methoxytabersonine C5, Hyg N, O3 Indole alkaloid Alkaloids
12 9.03 368.18 Mitraphylline Cy; Hu N, O, Indole alkaloid Alkaloids
13 920 38420 16-Methoxy-2,3-dihydro-3-hydroxytaber-  C,, H,g N, O, Monoterpenoid indole alkaloid Alkaloids
sonine
14 939 354.19 Vincamine C,; Hyg N, O3 Secologanin Tryptamine Alkaloids — Alkaloids
15 947 368.17 Horhammericine Cy; Hu N, O, Indole alkaloid Alkaloids
16 951  336.19 Catharanthine C,; Hou N, O, Secologanin Tryptamine Alkaloids — Alkaloids
17 966 336.18 Catharanthine G5y Hyy N, O, Secologanin Tryptamine Alkaloids — Alkaloids
18 9.74  338.17 18-carboxy dinor Leukotriene B4 CigHy O Arachidonic Acids Fatty acids and conjugates
19 9087 404.24 Estradiol-17-phenylpropionate Cy7H3, 04 Steroids -
20 10.26 366.19 Aspidofractine C,, Hyg N, O5  Idole alkaloid Alkaloids

potent «-glucosidase inhibitory activities (Table 3,
Fig. 2C and D).

Antiadipogenic and lipolytic properties of the plants

on 3T3-L1 preadipocytes

Apparently, no significant change (p>0.05) in the cell
viability of CAF and CSF of A. boonei at 100 pg/mL was
observed when compared with the control, however,
that of 300 pg/mL of CAF and CSF were significantly
decreased with 80.18% and 83.15% viability respectively,
and they were included in the study (Fig. 3a). The relative
lipid content was expressed as the percentage of the con-
trol. In Fig. 3b, the lipid content of the cell treated with
CAF and CSF decreased significantly (p<0.05) in com-
parison to the control. However, the glycerol released
by the cell as induced by CAF and CSF of A. boonei at
100 pg/mL was significantly elevated (p <0.05) compared
to the control (Fig. 3c). The visualized cells with Oil-Red
O stain depicted lipid droplets as red areas within the
cytoplasm (Fig. 3d). It was observed that the number and
size of lipid droplets in the groups treated with CAF and
CSF (100 and 300 pg/mL) were lower compared to the
control. Also, the fraction-treated groups did not show
a spherical shape of a matured adipocyte and the stain
was rarely retained which might be signs of inhibition of
differentiation.

Molecular docking results

Molecular docking of identified compounds against human
a-amylase, lipase and a-glucosidase

The binding affinities from the docking analysis of the
41 compounds identified by the LCMS/MS analysis of
the CAF and CSF of A. boonei and the reference com-
pounds (acarbose and orlistat) against PPA, PPL and
mG are shown in (Table SM3). Based on the minimum
binding energies, binding poses, and interaction in the
catalytic site, the top two ranked compounds for each
enzyme were selected for interactive analysis. After
ranking, it was observed that at least the top ten docked
compounds to the three enzymes had binding energies
higher than the reference inhibitors (Table SM3). For
the validation of the docking protocol, the co-crystalized
inhibitor (acarbose) was docked into the binding site of
PPA, with a binding energy of -7.9 kcal/mol. Estradiol-
17-phenylpropionate (-11.0 kcal/mol) and 3a-O-trans-
Feruloyl-2a-hydroxy-12-ursen-28-oic acid (-10.0 kcal/
mol) an identified constituent of the CAF and CSF
respectively had the topmost binding energies to PPA
(Fig. 4). Orlistat the reference inhibitor and the top two
ranked compounds (Estradiol-17-phenylpropionate and
10-Hydroxyyohimbine) as in Fig. 4 were docked into the
active site of PPL with the binding energies of -6.7, -10.8
and -10.2 kcal/mol respectively.
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Fig. 1 Total Compound Chromatogram of fraction of A. boonei via LCLMS/MS analysis. A TCC of CAF of A. boonei via LCMS/MS analysis
in positive polarity; B TCC of CSF of A. boonei via LCMS/MS analysis in negative polarity. The details of the numbers on each peak corresponding

to the identified compounds from A. boonei are presented in Tables 1 and 2

Estradiol-17-phenylpropionate (-1010 kcal/mol) and
3a-O-trans-Feruloyl-2 o -hydroxy-12-ursen-28-oic acid
(-10.0 kcal/mol) were identified as the two top docked
compounds to the binding pockets of the modelled scG
with higher binding energies than the reference inhibi-
tor (acarbose, -7.9 kcal/mol). Estradiol-17-phenylpropi-
onate demonstrated the highest binding tendencies to
the three enzymes (PPA, PPL and scG), thereby exhibit-
ing multi-binding potential, while 3a-O-trans-Feruloyl-
2alpha-hydroxy-12-ursen-28-oic_acid demonstrated high
binding tendencies to PPA and scG.

Amino acid interaction of top docked compounds

with a-amylase, lipase and a-glucosidase

The amino acid interaction of the combined list of the two
lead compounds and reference inhibitors to the catalytic
residues of PPA, PPL and scG is represented in Table 4.
The interaction of respective ligand groups with residues
of the enzymes was majorly through hydrophobic and
few H-bonding below (less than 3.40 A). A surface rep-
resentation and 3D interaction of the lead compounds
and reference inhibitors in the binding pockets of the
enzymes have been represented in Fig. 5. The orientation
of acarbose was stretched into the binding pocket of PPA.
Estradiol-17-phenylpropionate and 3a-O-trans-Feruloyl-
2a-hydroxy-12-ursen-28-oic acid were docked in close
orientation as acarbose to the enzyme. The cyclopentala]

phenanthren-17-yl moiety of estradiol-17-phenylpropi-
onate was orientated towards the hydrophobic gate inter-
acting with several residues (through alkyl and Pi-alkyl
interaction. The same moiety formed Pi-Pi stacking with
Trp59 of the hydrophobic gate. The phenyl ring of 3-phe-
nylpropanoate moiety formed a Pi-cation and Pi-sigma
contact with His201 and Ile235, while the proponoate
functional group formed H-bond with His299, Argl95,
and Ala198. The bulk ursen-28-oic acid moiety of 3a-O-
trans-Feruloyl-2a-hydroxy-12-ursen-28-oic  acid was
directed orientated into the pocket towards the hydro-
phobic gate, also interacting with Trp59 through Pi-Sigma
contact, while the feruloyl formed H-bonds with GIn63,
Asp197 and His299 (Fig. 5aiii and Table 4).

The result of the validation of the docking protocol
for the PPL enzymes using the co-crystalized inhibitor
C11 alkyl phosphonate (methoxyundecyl phosphonic
acid (MUP)) shows that all conformations were located
in the active site. Thereafter, the best conformation
formed was compared with interactions of the lowest
binding energy pose of orlistat the reference inhibitor
used in this study. Orlistat was docked into the same
domain as MUP (Fig. 5bS). Orlistat displayed a strong
binding to PPL with four hydrogen bonds and 3 hyr-
dophobic interactions. Importantly, the formamido-
4-methylpentanoate of orlistat was mainly responsible
for forming these four hydrogen bonds (Fig. 5bi). In the
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Table 2 Compounds results of the LCMS/MS analysis (negative) of crude saponin fraction of A. boonei

Peak RT Mass Name Formula Sub-class Class
1 089 12600 2-Hydroxyethanesulfonate C,Hg O, S Organosulfonic acids Organic sulfonic acids and derivatives
2 2.17 20208 Diethyl Oxalpropionate CoHy4Os beta-keto acids and derivatives  Keto acids and derivatives
3 309 186.09 cis-2-Carboxycyclohexyl-acetic acid CoHy, Oy Dicarboxylic acid Carboxylic acid
4 791 40413 Gardenoside Ci7H Oy Iridoids Monoterpenes
5 848 43021 Cinegalline Cy3H3p N, Oy Quinolizidine alkaloid Alkaloid
6 873 156.08 C,HgNg O
7 884  204.10 Diethyl (2R3R)-2-methyl-3-hydroxy- ~ CqH;Os Carboxylic ester Ester
succinate
8 922 210.05 Vanilpyruvic acid CioHi0Os Phenylpyruvic acid derivatives  Carboxylic acid
9 949  186.09 cis-2-Carboxycyclohexyl-acetic acid CoHy, Oy Dicarboxylic acid Carboxylic acid
10 978 18408 Glu-P-2 CioHgN,
11 998 14210 3-Methyl-2Z-heptenoic acid CgHi4 0, Fatty acids and conjugates Fatty Acyls
12 1036 186.09 cis-2-Carboxycyclohexyl-acetic acid CyH4 0,4 Dicarboxylic acid Carboxylic acid
13 1123 27216 Cy4Hyq Os
14 1207 21412 alpha-Carboxy-delta-decalactone CiyHig Oy Delta valerolactones Lactones
15 1232 21412 alpha-Carboxy-delta-decalactone Ciy Hig Oy Delta valerolactones Lactones

16 1557 45834 18-acetoxy-Ta-hydroxyvitamin D3/ CygHue O,
18-acetoxy-1a-hydroxycholecalciferol

17 16,01 256.17 5-Nonyltetrahydro-2-oxo-3-furancar-  C;, H,, O, Gamma butyrolactones Lactones
boxylic acid

18 1656 61839 3-O-cis-Coumaroylmaslinic acid Cs9 Hs4 Og Triterpenoids Terpenes

19 16.74 64840 3o-O-trans-Feruloyl-2a-hydroxy-12-  C,5Hss O, Triterpenoids Terpenes
ursen-28-oic acid

20 1695 27815 CiyHigN,

21 1728 29825 Cyg Hsq O;

22 1880 32826 MG(0:0/16:1(92)/0:0) CioHzs Oy

23 1901 45636 C,yHs, 055

24 2056 35617 CioHy N, O

25 2068 382.18 1,2,10-Trihydroxydihydro-trans-linalyl ~ C,4 Hy, Oy O-glycosyl compounds Carbohydrates and carbohydrate
oxide 7-O-beta-D-glucopyranoside conjugates

26 21.06 47236 Lucidumol A CyoHag Oy Triterpenoids Terpenes

Table 3 Calculated IC50 values of fractions on a-amylase, lipase and a-glucosidase activities

Alstonia boonei a-amylase Pancreatic lipase a-glucosidase
fractions

Inhibition (%) 1C50 (ug/mL) Inhibition (%) 1C50 (ug/mL) Inhibition (%) 1C50 (ug/mL)
ME 40.37+2.43 - 41.23+1.85 - 3256+5.28 -
CFF 44.64+4.32 - 3798+1.53 - 4592+5.06 -
CAF 74.54+1.40 1203+0.364 65.42+2.19 2.77+0.063 42494163 -
CSF 7497+3.19 206+0.103 60.21+£4.16 25.37+0.062 7795+4.29 11.97+£0.081
Orlistat NA NA 93.18+£297 0.068+0.063 NA NA
Acarbose 83.18+£297 64.58+0.071 NA NA 76.70+£2.63 2.84+0.087

Alstonia boonei fractions: ME methanol extract, CAF crude alkaloid fraction, CSF crude saponin fraction. Results of inhibition (%) are demonstrated as Mean +SD of
3-replicates of every fraction. IC50 values are mean + SEM; () fractions/extract did not inhibit 50% of enzyme activity at 1000 pg/mL; NA not applicable

case of estradiol-17-phenylpropionate to top docked rings are formed all the Pi-Pi stackings, Pi-Alkyl and
compounds to PPL the interactions were stabilized by a  akyl interactions with catalytic residues (Fig. 5bii). The
hydrogen bond between the carbonyl moiety of the phe-  17-hydroxyl group of 10-Hydroxyyohimbine formed
nylpropionate group and Arg256. While the estradiol a hydrogen bond with Arg265, while the carbonyl
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Fig. 4 Top docked compounds of A. boonei fractions. Compounds from CAF are estradiol-17-phenylpropionate and 10-hydroxyyohimbine,

and from CSF is 3a-O-trans-Feruloyl-2a -hydroxy-12-ursen-28-oic acid

oxygen and methoxy group of the carboxylate end
formed Hydrogen bonds with His151 and Phe77 respec-
tively (Fig. 5biii). The interaction was further stabilized
by hydrophobic contacts with other residues listed in
Table SM4.

Acarbose an inhibitor of the a-glycosidase was docked
into the binding pocket as predicted by mG. Acarbose
formed several H-bonds with the residues in the bind-
ing pocket of the enzymes with few hydrophobic inter-
actions. Notable among such residues is Asp68. The two

lead compounds interacted in a similar pattern with the
same amino acid residues as acarbose. The hydroxyl
group on the cyclopentala]phenanthren-17-yl moiety of
estradiol-17-phenylpropionate formed 6 H-bonds with
Asp68 Arg212 His358 Asp214, while the 2 other H-bonds
with His279 and Arg312 was formed by the propanoate
group that is linked to phenyl ring of 3-phenylpropanoate
moiety (Fig. 5Cii). The 7 and 18 hydroxyl group attached
to the dodecahydroyohimbane core or 10-hydroxyyohim-
bine and the carboxylate group was responsible for the
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Fig. 5 Details of binding mode: (s) solvent-accessible surface view (i-iii) Interaction view of ligands in binding pocket of human pancreatic
alpha-amylase (a), human pancreatic lipase (b) and human lysosomal a-glucosidase (c). Colours indicate the stick representations of ligands for (a)
as (i) green: acarbose (reference inhibitors) (ii) gold: 3-O-cis-coumaroylmaslinic_acid (iii) red: Furfural diethyl acetal. Colours indicate the stick
representations of ligands for (b) as (i) green: orlistat (referencer inhibitors) (ii) gold: estradiol-17-phenylpropionate (iii) red: 10-hydroxyyohimbine
(iv) cyan: methoxyundecyl phosphonic acid (MUP) (interaction not shown). Colours indicate the stick representations of ligands for (c) as (i) green:
acarbose (referencer inhibitors) (ii) gold: 3a-O-trans-feruloyl-2a-hydroxy-12-ursen-28-oic acid (iii) red: estradiol-17-phenylpropionate

several H-bonds between 10-hydroxyyohimbine and the
residues of the binding pocket (Fig. 5Ciii). The interac-
tion was stabilized by other Pi-Alkyl and Alkyl contacts
between aglycon and the rest residues (Table 4).

Discussion

Majority of the compounds identified from CAF of A. boonei
were alkaloids and they are Cinegalline, Reserpic acid, Hor-
hammericine, 10-Hydroxyyohimbine, 3-Hydroxyquinidine,
18-Hydroxyyohimbine, ~Ajmalicine, 16-Methoxy-2,3-di-
hydro-3-hydroxytabersonine, Vincamine, Aspidofractine,
16-Methoxytabersonine, Mitraphylline, and Catharanthine.
Six saponin compounds majorly of the lactone and ter-
pene classes were identified from the CSF of A. boonei and
they are Gardenoside, alpha-Carboxy-delta-decalactone,
5-Nonyltetrahydro-2-oxo-3-furancarboxylic acid, 3-O-cis-
Coumaroylmaslinic acid, 3alpha-O-trans-Feruloyl-2alpha-
hydroxy-12-ursen-28-oic acid and Lucidumol A.

Reserpic acid has been shown to have activity against
pancreatic lipase through molecular docking [33].
Yohimbine was reported to be effective in stimulat-
ing lipid mobilization in obese and non-obese sub-
jects [34]. Also, yohimbine induced weight loss by
acting as an a2-AR antagonist [35]. Sweroside has shown
a-glucosidase inhibitory activities [36] while Vincamine
displayed hypoglycaemic and hypolipidemic activity [37].

Pancreatic lipase is the major enzyme that facilitates
the digestion and absorption of triglycerides in the gas-
trointestinal tract. Thus, inhibitors of pancreatic lipases
are proposed to function as antiobesity agents [38]. The
CAF and CSF fractions of A. boonei inhibited the activ-
ity of pancreatic lipase, although, this is the first time
the lipase inhibitory activity for A. boonei is reported.
The inhibition of pancreatic lipase by CAF and CSF of A.
boonei possibly led to decreased body weight and white

adipose tissue in the treated rats. The reduced absorption
of ingested dietary fat leads to an overall reduced caloric
absorption, thereby leading to weight loss.

Pancreatic lipase inhibitors from medicinal plants have
gained considerable attention owing to their wide range
of sources, structural diversity and possible low toxicity
[38]. These natural products are of different classes of
phytochemicals such as polysaccharides, polyphenols,
terpene trilactones, flavonoids, alkaloids, saponins and
carotenoids. For example, a flavonoid-rich extract of
Cassia fistula and Solanum nigrum inhibited pancreatic
lipase activity [39, 40]. The alkaloid rich fraction (CAF)
and saponin rich fraction (CSF) of A. boonei inhibited
pancreatic lipase, and this effect has been found among
some alkaloids and saponins of other plants [41].

Targeting carbohydrate hydrolysing enzymes is an
approach used to assess the efficacy of drugs to manage
or treat obesity and some drugs for obesity function by
inhibiting a-amylase. a-Amylase inhibitors have great
potential to treat obesity [42]. The saponin fraction of A.
boonei showed good inhibition of a-amylase although not
better than Acarbose. This indicates that A. boonei might
have its anti-amylase properties resident in CSF but
CAF might not exert antiobesity activities by inhibiting
a-amylase activity or that the active ingredients might
have been masked by other compounds in the in vitro
study. Only the saponin fraction from A. boonei showed
strong a-glucosidase inhibitory activity suggesting that
the plant may have potent blood glucose lowering prop-
erties when consumed which was observed in the in vivo
studies as rats treated with CSF revealed reduced blood
glucose levels.

The treatment of 3T3-L1 preadipocytes with 100 and
300 pg/mL of CAF and CSF of A. boonei produced viable
cells, although, at 300 pg/mL of both fractions, values
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were lower than the control cells which indicated a slight
decrease in the rate of cell metabolic activity. However,
since the values were closer to the control, the 80% viabil-
ity for cells produced by CAF and CSF at 300 pg/mL were
considered viable [43], however, it is important to note
that doses above 300 pug/mL might pose relatively low
cytotoxicity to 3T3-L1 preadipocyte cells.

In assessing the lipid accumulation using the Oil Red O
Staining, CAF and CSF of A. boonei inhibited adipocyte
differentiation in the cells. The inhibition of adipogen-
esis caused by the fractions was reflected in the reduced
relative lipid content of the cells compared to the control.
This reflects a reduction in the quantity of triglycerides in
the 3T3-L1 cells [44] The effect of A. boonei in prevent-
ing lipid accumulations shows its antiobesity potential.
Lipolysis plays a central role in the regulation of energy
balance because it is the process whereby triglycerides
are hydrolyzed into glycerol and free fatty acids [45]. The
increased glycerol released by the CAF and CSF of A.
boonei indicates that they possess the ability to enhance
lipid metabolism, particularly breaking down of tri-
glycerides leading to glycerol release by the adipocytes.
The facilitation of lipolysis is an important factor in the
search for antiobesity agents.

The best mode of interaction between known ligands
and protein(s) could be predicted by structure-based vir-
tual screening using the scoring functions to determine
the force of non-covalent interactions between a molec-
ular target and ligand. This method has been employed
in the search for natural inhibitors of PPA, PPL and mG
[46]. The LCMS/MS identified compounds in the frac-
tions demonstrated good binding properties with the
3 enzymes, with at least the top ten compounds having
higher binding energies than the reference inhibitors.
The biochemical studies of amylase and the X-ray crys-
tallographic analysis have revealed that the catalytic triad
includes Asp300, Glu233 and Asp197 [47, 48]. Asp300
has been reported to optimize the orientation of the sub-
strate in the binding site, Asp197 mediates in the nucle-
ophilic reaction [47], while residue Glu233 facilitates
acid—base catalysis [30]. The two top docked compounds
to PPA demonstrated a similar binding pattern as the ref-
erence inhibitor. Within the active of PPA Asp197 has
been reported to be mainly responsible for the cleavage
of the glycosidic bonds in polysaccharides. The critical
function of Asp197 as a catalytic nucleophile in hydro-
lytic reactions for polymeric substrates such as edible
starch and the interaction of this residue with known
inhibitors has been reported [49, 50]. Although there is
a paucity of information on the inhibitory role of furfural
diethyl acetal and 3-O-cis-Coumaroylmaslinic acid on
a-amylase activities, the aglycon unit (maslinic acid) of
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3-O-cis-Coumaroylmaslinic acid has been widely docu-
mented as a natural antidiabetic compound which could
reduce the levels of blood glucose [51, 52]. Several inhibi-
tory mechanisms that underpin the mechanism of known
alpha-amylase inhibitors have been documented such as
the effectiveness to form H-bonds and other interactions
with the residues of catalytic triad and other catalytic res-
idues, interactions at other sites different from the active
site, or the formation of covalent bond through an epoxy
or aziridine group with the enzyme has been reported as
one of the common inhibitory mechanisms [53, 54].

The glycoprotein PPL consists of the C region (resi-
dues from 336 to 449) and the N region (residues from
1 to 335), and in the latter, the active site consists of
residues from 247 t0258 with the catalytic triad (Ser152-
Asp176-His263) [55]. Estradiol-17-phenylpropionate and
10-Hydroxyyohimbine the top two docked compounds to
PPL interacted with the residues that make up the cata-
Iytic triad in a similar docked pose as orlistat and MUP
indicating their structural similarity in the enzyme active
site [56]. They also, interacted with Phe77, an impor-
tant amino acid for lipase activity [56, 57], they, there-
fore stand out as a potential candidate for inhibiting the
PPL catalytic activity. Also, the aglycon unit (estradiol
and yohimbine) of estradiol-17-phenylpropionate and
10-Hydroxyyohimbine respectively have been reported
to manifest interesting anti-diabetic and anti-obesity
activities [34, 58].

The substrate-binding pocket of mG is located near
the C-terminal ends of B-strands of the catalytic (f/x)8
domain [59]. As a notable member of the GH31 fam-
ily enzymes that execute catalysis through a classical
Koshland double displacement reaction mechanism
with retention of the anomeric carbon configuration in
the product [59]. 10-Hydroxyyohimbine and estradiol-
17-phenylpropionate the top docked compounds to the
mG enzyme exhibited a similar binding mode as the ref-
erence inhibitor (acarbose) which is a competitive inhibi-
tor of mG. They interacted with important residues of the
binding pocket as predicted in as identified in a similar
study [60]. Overall, evidence from previously reported
activities of the top docked compounds to the three
enzymes and results from this in silico study suggest that
the activities of the fractions may be as a result of the
synergistic activities of, at least, the top two-ranked com-
pounds identified from the molecular docking analysis.

Conclusion

The CAF and CSF of A. boonei inhibited pancre-
atic lipase and adipogenesis, decreased lipid con-
tent and induced lipolysis in 3T3-L1 adipocytes.
Among the compounds identified from fractions of A.
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boonei, estradiol-17-phenylpropionate and 3a-O-trans-
Feruloyl-2a -hydroxy-12-ursen-28-oic acid are very good
inhibitors of PPA, estradiol-17-phenylpropionate and
10-hydroxyyohimbine for PPL, while 10-Hydroxyyohim-
bine and estradiol-17-phenylpropionate for mG. Hence,
the antiobesity activities of A. boonei may be as a result of
the activities of, at least one or more of the compounds.
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