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inhibited by Poincianella pluviosa stem bark
extract: relevance on type 2 diabetes
treatment
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Abstract

Background: The stem bark aqueous alcohol extract of Poincianella pluviosa (PPSB extract) is rich in bioactives
including gallic acid, gallic acid methyl ester, pyrogallol, ellagic acid, corilagin, 1,4,6-tri-O-galloyl-glucose, 1,2,3,6-tetra-
O-galloyl-glucose, 1,2,3,4,6-penta-O-galloyl-glucose, tellimagrandin I, tellimagrandin II, mallotinic acid, mallotusinic
acid, and geraniin. The aim of the present study was to evaluate the antioxidant activity of the PPSB extract as well
as its inhibitory action on carbohydrate digestive enzymes relevant to type 2 diabetes.

Results: The PPSB extract was prepared using a mixture of 40% ethanol and 60% distilled water. The PPSB extract
showed high antioxidant activities and inhibited several carbohydrate digestive enzymes. The IC50 values for
inhibiting in vitro salivary amylase, pancreatic amylase, intestinal β-galactosidase and intestinal invertase were,
respectively, 250 ± 15, 750 ± 40, 25 ± 5, and 75 ± 8 μg/mL. In vivo inhibition of the intestinal starch absorption was
confirmed by determination of blood glucose levels in rats before and after administration of starch by gavage with
or without different amounts of PPSB extract. Docking simulations performed on three different programs to rank
the extract compounds most likely to bind to porcine pancreatic α-amylase suggest that geraniin is likely to be the
P. pluviosa extract compound that presents the greatest binding potential to the pancreatic alpha-amylase.
However, the total inhibitory action of the PPSB extract is likely to result from a summation of effects of several
molecules. Furthermore, the PPSB extract did not present acute toxicity nor did it present mutagenic effects.

Conclusion: It can be concluded that the PPSB extract is potentially useful in controlling the postprandial
glycaemic levels in diabetes. Further clinical studies with the extract are needed, however, to confirm its potential
use in the management of type 2 diabetes.
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Introduction
Diabetes mellitus is one of the most common public
health problems in the world, and type 2 diabetes ac-
counts for 90–95% of all cases of diabetes [1]. Hypergly-
caemia resulting from diabetes can cause serious chronic
metabolic diseases, including nephropathy, urinary prob-
lems, skin infections and cardiovascular diseases [2].
Thus, it is necessary to explore new alternative thera-
peutic methods including natural antidiabetic agents.
A practical approach to control blood glucose levels is

through natural products isolated from plants that act
by retarding the absorption of carbohydrates during di-
gestion and consequently decrease glucose release into
blood. This could be achieved through the inhibition of
carbohydrate hydrolysing enzymes, such as salivary and
pancreatic amylases, and intestinal disaccharidases, α-
glucosidase, β-galactosidase, and β-fructofuronosidase
(invertase). Currently, there is renewed interest in plant-
based medicines and functional foods modulating
physiological effects caused by the inhibition of these en-
zymes. Polyphenols, including condensed and hydrolys-
able tannins, gallic acid and green tea catechins have
been described as possessing elevated antioxidant activ-
ities and potent capabilities to inhibit carbohydrate
hydrolysing enzymes, especially α-amylases [3–7].
Carbohydrate hydrolysing enzyme inhibitors derived

from edible food-grade plants, most of them traditionally
used as herbal teas, are the ideal candidates as alterna-
tive hypoglycaemic agents [7]. However, non-food grade
plants could be, at least in principle, interesting sources
of carbohydrate hydrolysing enzyme inhibitors after con-
firmation of their safety for oral administration. Exam-
ples of the last group include the aqueous leaves extract
of Zanthoxylum armatum DC [8] and Asparagus race-
mosus Willd [9]. The stem barks of Artocarpus hetero-
phyllus [10], Acacia mearnsii [3], Myristica fatua Houtt.
var. magnifica (Bedd.) Sinclair [11], and Ficus exasperata
Vahl [12] are also described as efficient carbohydrate
hydrolysing enzyme inhibitors. Poincianella pluviosa
(DC.) L.P. Queiroz could be another example. This plant
is member of Fabaceae, one of the most important neo-
tropical families. This tree is known as the “sibipiruna”
or “false Brazil wood”, and is also reported under three
synonyms: Caesalpinia peltophoroides (Benth.), Caesal-
pinia pluviosa var. peltophoroides (Benth.) G.P. Lewis
and Caesalpinia pluviosa DC [13, 14]. The stem bark of
P. pluviosa has therapeutic properties such as antimalar-
ial activity, wound healing and antidiarrheal activities
[14–17]. The decoction of the bark of P. pluviosa is also
used in the Bolivian folk medicine for treatment of dys-
entery [16]. Recently, antimalarial compounds have been
shown to occur in the leaves of P. pluviosa [18].
Different molecules, potentially recognized as having

functional properties, have already been identified in the

aqueous alcohol extract of the stem bark of P. pluviosa
including pyrogallol, gallic acid, gallic acid methyl ester,
ellagic acid, corilagin, 1,4,6-tri-O-galloyl-glucose, 1,2,3,6-
tetra-O-galloyl-glucose, 1,2,3,4,6-penta-O-galloyl-glucose
tellimagrandin I, tellimagrandin II, mallotinic acid, mal-
lotusinic acid, and geraniin [14]. In spite of these identi-
fications, to our knowledge, there have been no attempts
to evaluate the antioxidant potential of this material as
well as its possible inhibitory activity on carbohydrate
hydrolysing enzymes. Taking these gaps into account,
the objectives of the present study were to quantify the
antioxidant activity of the aqueous alcohol extract of the
stem bark of P. pluviosa and to investigate its possible
effects on a set of carbohydrate hydrolysing enzymes,
namely α-amylase, α-glucosidase, β-galactosidase, α-
glucosidase, and β-fructofuronosidase. Efforts were also
undertaken in order to assert the safety of the extract,
especially after oral administration, in order to obtain a
more or less complete picture of its potentialities as a fu-
ture alternative therapeutic agent.

Material and methods
Materials
Porcine pancreatic α-amylase (Type VI-B), human salivary α-
amylase and acarbose (empirical formula C25H43NO18, mo-
lecular weight 645), and diphenyl-1-picrylhydrazyl (DPPH)
were purchased from Sigma-Aldrich Co. Barks of P. pluviosa
were collected at the campus of the University of Maringá
(UEM), Maringá, Paraná, Brazil (W 51°24′10“, S 23°24’10”;
h = 490m) A voucher specimen was deposited in the herbar-
ium of the Universidade Estadual de Maringá under number
HUEM-33834. Access to the botanical material was regis-
tered by the Brazilian Biodiversity System – SisGen - Sistema
Nacional de Gestão do Patrimônio Genético e do Conheci-
mento Tradicional Associado under id A6DD2D2.

Preparation of the aqueous alcohol extract from P.
pluviosa stem bark (PPSB extract)
The aqueous alcohol extract of P. pluviosa stem bark
(PPSB extract) was prepared as described previously
[14]. Briefly, the dried stem barks were milled and sub-
jected to turbo extraction (Ultra-turrax UTC115KT, Ika
Works, USA) using 50% ethanol in water (v/v) as solv-
ent. The turbo extraction is done by a device called
turbo extractor in which a rotor with radial-mounted
paddles distributes the product against a perforated
screen and thus obtains the separation of soluble parts
from solid components. Ethanol was further eliminated
with a rotary evaporator under reduced pressure and, fi-
nally, the material was lyophilized.

Analysis of total phenolic and flavonoid contents
Total phenolic contents in extracts were determined by
the Folin-Ciocalteu reagent and expressed as gallic acid
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equivalents [19]. The determination of flavonoids was
done by means of a colorimetric assay and expressed as
catechin equivalents [20].

Evaluation of the antioxidant activity of the P. pluviosa
aqueous alcohol extract
Two different methods were used to evaluate the anti-
oxidant activity: reduction of the 2,2-diphenyl-1-picryl-
hydrazyl radical (DPPH), and reduction power of the
ferric ion (FRAP). For the DPPH assay, successive dilu-
tions of the stock solution were made and used for
assaying the antioxidant activity of the samples. The
DPPH assay was conducted as described previously [21].
The percentage of DPPH discoloration (D%) was calcu-
lated using the following equation:

D %ð Þ ¼ Acontrol−Asample

Acontrol
� 100 ð1Þ

The results were expressed as IC50 values (sample con-
centration providing 50% of antioxidant activity). FRAP
was evaluated as previously described [21]. Standard
curves were constructed with trolox (r2 = 0.99) and the
results were expressed as mmol trolox equivalents (TE)/
mg lyophilised material.

Evaluation of the inhibitory effects of the P. pluviosa
aqueous alcohol extract on porcine pancreatic amylase
and the human salivary amylase
The inhibition experiments with the porcine pancreatic α-
amylase and the human salivary α-amylase were carried
out as described previously using potato starch at 1.0 g/
100mL as substrate [3]. The specific activity of both en-
zymes was 500 units/mg protein. The amount of enzyme
added to each reaction system was 1 unit. The reaction
was allowed to proceed for 10min. The reducing sugars
resulting from the starch hydrolysis were assayed by the 3,
5-dinitrosalicylic acid method, using maltose as standard
[22]. The pH of the reaction medium was tested for all sit-
uations. No changes were detected during the incubation
time. The inhibition of α-amylase activity was calculated
by the following equation:

Inhibitionð%Þ ¼ ð1−ABSsample

ABScontrol
Þ � 100 ð2Þ

where ABSsample is the absorbance at 540 nm of the in-
cubation containing enzyme plus sample plus substrate;
ABScontrol is the absorbance at 540 nm of the incubation
containing enzyme plus substrate.

Preparation of intestinal enzymes and evaluation of
inhibition of disaccharidases
A segment of the small intestine of the rat was removed,
washed in 50 mM sodium phosphate buffer (pH 6.5),

dried on filter paper, weighed, trimmed, and homoge-
nized (300 rpm) with the same buffer (400 mg of duode-
num per milliliter) for 1 min at 4 °C. The resulting
extract was centrifuged at 5000 rpm for 10min. The
supernatant was used for the measurement of α-
glucosidase (EC. 3.2.1.20), fructofuranosidase (EC
3.2.1.48), and β-galactosidase (EC 3.2.1.23) activities.
The three activities were determined using a glucose
diagnosis kit based on the glucose oxidase reagent. For
determination of disaccharidase activities, the incubation
system containing 25mM sucrose, lactose, or maltose
dissolved in 50mM sodium phosphate buffer (pH 6.0)
and the appropriate enzyme extract volume were incu-
bated for 60 min at 37 °C. At the end of this time, 1 mL
of the color reagent solution containing glucose oxidase
and peroxidase was added and the mixture was incu-
bated at 37 °C for 20 min. The absorbance was read at
505 nm, and the activity calculation was based on a glu-
cose standard. One enzyme unit was defined as the
amount of enzyme that catalyzed the release of 1 μmol
of glucose per minute under the assay conditions. Per-
centage of inhibition was calculated using Eq. (2). For
this calculation ABSsample is the absorbance at 505 nm of
the incubation containing enzyme plus sample plus sub-
strate; ABScontrol is the absorbance at 505 nm of the in-
cubation containing enzyme plus substrate.

In vivo inhibition of gastrointestinal enzymes
Male healthy Wistar rats weighing 200–250 g were used in
the intestinal enzymes experiments and glycemic levels.
Previous to the investigations, the animals were kept for 10
days under standard environmental conditions with access
to standard pelleted food and water ad libitum. Food was
withdrawn 18 h before the experiments. Rats were assigned
into 6 groups (n = 4 rats per group). To group I (positive
control) commercial corn starch (1 g per kg body weight)
was administered intragastrically. Group II (negative con-
trol) received only tap water. To group III (control) com-
mercial corn starch plus acarbose was given intragastrically
(50mg/kg). Groups IV, V and VI received intragastrically
commercial corn starch plus PPSB extract at doses of 100,
250 and 500mg/kg. The concentrations of the inhibitors
given to the rats were based on previous studies [3]. Fasting
blood glucose levels were determined before the adminis-
tration of starch and amylase inhibitors (0 time). Subse-
quent evaluations of blood glucose levels took place every
15min for 60min. Blood glucose from cut tail tips was de-
termined using Accu-Chek® Active Glucose Meter.

Docking simulations
The structure of porcine pancreatic alpha-amylase
(PDBid 312 l) at 2.11 Å resolution [23] was used in the
docking simulations. All ligands were removed except
Ca2+ and Cl- cofactors. Next, the structure of the human
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pancreatic alpha-amylase (PDBid: 1xd0) bound to acar-
bose pentasaccharide (ACA) [23] was superimposed on
the porcine pancreatic alpha-amylase, so the ACA ligand
and the water molecules 511, 513 and 766 were copied
to the porcine pancreatic alpha-amylase (geometric
docking). The modeled complex of porcine alpha-
amylase bonded to ligand ACA and cofactors was mini-
mized by conjugate gradient (CG) in steps, using the
NAMD2 program [24] to prevent stereochemical
clashes. First, the coordinates were placed in a periodic
box filled with Tip3 water and sufficient amount of so-
dium counterions to neutralize the system charges, and
then, it was minimized by 20,000 steps of CG with the
atoms of ligands and cofactors fixed in space. In the sec-
ond step, the atoms of the protein and ligand were fixed
in space and water molecules and ions submitted to 60
ps of molecular dynamics under NPT conditions. In the
third and last step, the whole system was minimized
again by new 20,000 steps of CG. The CHARMM
C35b2-C36a2 force field [25] was used for simulation of
protein, water and ions. The force field for ACA was
generated by the Swissparam server in the same format.
The partial charges of its atoms were calculated by the
B3LYP/6-311G method using the ORCA program
(https://orcaforum.cec.mpg.de/). The final minimized
structure was used in the docking simulations by means
of three programs. The first program was AutoDock-
4.2.3 [26] implemented in the Pyrx-0.9 graphical inter-
face [27]. The search box was centralized at the ligand
with grid dimensions of 50 at the x, y and z axis. The
number of runs was increased to 40 due to the large num-
ber of rotatable bonds of the ligands. The second program
was Molegro-6.0 virtual docker using 12 Å as search ra-
dius centralized at the ligand. The Moldock Simplex Evo-
lution and Moldock Score [grid] algorithms for search and
ranking were used respectively. The third program was
the Gold using chemplp method as fitness and search op-
tion with 40 runs. The library containing 14 compounds
identified in the Poincianella pluviosa extract [14] was ob-
tained from the PubChem, Zinc15 and ChEMBL data-
bases in the *.sdf format. The compounds better ranked
than the ACA inhibitor, by each program, in the average
of 10 simulations and in common by all programs were
classified as those with the highest binding potential.

Acute toxicity test
Swiss mice were assigned into 6 groups (5 males and 5 fe-
males per group) and maintained under controlled
temperature (22 °C), with a constant 12 h light–dark cycle
and access to standard pelleted food (Nuvital®) and water
ad libitum. The acute toxicity studies were performed ac-
cording to the guidelines of the Brazilian National Health
Surveillance Agency (ANVISA). The negative control
group (control, group I) received only the vehicle (saline)

and the other groups, II, III, IV and V, received intragastri-
cally single doses of PPSB extract. These doses were 2.0,
3.0, 4.0 and 5.0 g/kg, respectively (0.5mL per animal). The
general behaviour of the mices was monitored continu-
ously during the first 24 h after dosing and daily thereafter
for 14 days. The animals were observed daily for clinical
signs as activity and coordination of the motor system and
muscle toning, activities relating to the autonomic nervous
system (salivation, cyanosis, piloerection), activities relat-
ing to the central nervous system (tremors, convulsions)
and activity of the respiratory system. Further observations
were related to the possibility of diarrhea, lethargy or
sleep, abnormal behavior and mortality (median lethal
dose, LD50). At the end of the observation period, the ani-
mals were anesthetized with thiopental (120mg/kg) and
after euthanasia, organs as heart, lung, kidneys, liver and
spleen were collected, weighed and examined
macroscopically.

Mutagenicity test
Swiss mice were assigned into 6 groups (5 males and 5
females per group) and treated intragastrically with a
single dose. The negative group received saline. The
positive group received only cyclophosphamide (50 mg/
kg) and the test group received PPSB extract at the dose
of 3.0 g/kg. Twenty-four hours after, all animals were eu-
thanized with thiopental (120 mg/kg) and the femoral
pairs were collected. In sequence, the proximal epiphyses
were cleaned with saline and sectioned. Subsequently,
the bone marrow was removed, washed with fetal calf
serum, and centrifuged (3000 rpm, 5 min). Smears of air-
dried sediment were stained with May-Grunwald-
Giemsa and analysed by light microscopy (1000 ×) for
detecting the presence of micronucleated polychromatic
erythrocytes. The experiments were done in duplicate
and the micronucleated polychromatic erythrocytes were
determined by counting 1000 red cells. A mutagenic ef-
fect was assumed when a significant increase in micro-
nucleated polychromatic erythrocytes was observed
when compared to the negative control [28].

Data analyses
Statistical analysis was performed using the GraphPad Prism
software (version 5.0). The data were expressed as the
mean ± standard deviation, and were analysed using one-
way analysis of variance (one-way ANOVA). Significant dif-
ferences were determined by the Tukey test for homoge-
neous data and the Kruskal–Wallis test for heterogeneous
data. Differences were considered significant at p ≤ 0.05.

Ethical aspects
All experiments involving animals were done in con-
formity with the worldwide accepted ethical guidelines
for animal experimentation and approved by the Ethics
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Committee for Animal Experimentation of the University
of Maringá (Process 090/2011; Protocol 056/2009). The
evaluation of acute toxicity and the mutagenicity studies
were performed according to the standards of the “Guide
for conducting non-clinical toxicology studies and safety
pharmacology necessary for the development of drugs” [29].

Results and discussion
Analysis of total phenolic and flavonoid contents and
antioxidant activity of the PPSB extract
The phenolics and flavonoids contents as well as the
antioxidant activity of the P. pluviosa stem bark extract

are shown in Table 1. The material was rich in both
phenolics and flavonoids. The antioxidant activity of the
PPSB extract was evaluated by two methods, DPPH rad-
ical scavenging and FRAP (ferric ion reducing capacity)
(Table 1). Concentrations of the PPSB extract for half-
maximal antioxidant activities were similar for both as-
says and within the 1–10 μg/mL range.
The stem bark of the Poincianella pluviosa extract

contains high amounts of phenolics and flavonoids. Such
richness in phenolics and flavonoids is in agreement
with data reported for similar extracts including Caesal-
pinia spinosa extract (551 mg of GAE/g) [30], Caesalpi-
nia decapetala methanolic extract (13.28 mg of GAE/g
of phenolics and 3.93 mg quercetin/g of flavonoids) [31]
and ethanolic extracts of seeds of Caesalpinia bondu-
cella (62.50 mg of GAE/g of phenolics) [32].
The high antioxidant activity found in the PPSB ex-

tract can be explained by its richness in chemical com-
pounds which include gallic acid, gallic acid methyl
ester, pyrogallol, ellagic acid, corilagin, 1,4,6-tri-O-gal-
loyl-glucose, tellimagrandin I, 1,2,3,6-tetra-O-galloyl-glu-
cose, mallotinic acid, tellimagrandin II, 1,2,3,4,6-penta-

Table 1 Total phenolics, flavonoids and antioxidant activity of
the P. pluviosa aqueous alcohol extract

PPSB extract property quantity

Total phenolics (mg GAE/g) 494.51 ± 27.69

Total flavonoids (mg CAE/g) 25.73 ± 0.25

DPPH (IC50) (μg/mL) 6.40 ± 0.35

FRAP (μM TE/ mg) 4.75 ± 0.16

Data represented as mean ± SD. N = 3. GAE Gallic acid equivalent. CAE Catechin
equivalent. TE Trolox equivalent

Fig. 1 The inhibitory effects of the aqueous alcohol extract of P. pluviosa on carbohydrate digestive enzymes relevant to type 2 diabetes: a
salivary α-amylase; b pancreatic α-amylase; c intestinal invertase; d intestinal β-galactosidase. Results are expressed as mean ±mean standard
errors of three experiments
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O-galloyl-glucose, geraniin and mallotusinic acid as pre-
viously described [14]. It should be stressed that the
antioxidant activity of the Poincianella pluviosa extract
used in the present work exceeds that of Caesalpinia
bonducella bark and seed extracts by a factor above ten
[32], as the latter presented IC50 values of 83.69 ±
0.14 μg/mL and 74.73 μg/mL, respectively, for the DPPH
free radical scavenging activity (Table 1).

Effects of the PPSB extract on the activities of
carbohydrate digestive enzymes
The effects of the PPSB extract on the activities of
carbohydrate digestive enzymes, salivary amylase, pan-
creatic amylase and intestinal disaccharidases (invertase
and β-galactosidase) are illustrated by Fig. 1. Both saliv-
ary and pancreatic amylases were inhibited by the ex-
tract (panels A and B). However, the salivary amylase
was more intensely inhibited, if one considers the IC50

values (concentrations of extract causing 50% inhibition)
which were 250 ± 15 μg/mL and 750 ± 15 μg/mL for the
salivary and pancreatic amylase, respectively. The inhibi-
tory effects of the PPSB extract on the activities of the
intestinal disaccharidase enzymes are also illustrated by
Fig. 1. The extract effectively inhibited the invertase and
β-galactosidase (Fig. 1c,d). It was a more efficient inhibi-
tor of β-galactosidase than of invertase, with IC50 values
of 25 ± 5 μg/mL and 75 ± 8 μg/mL, respectively. No in-
hibition was found in the case of the α-glucosidase (not
shown) even at the high concentration of 250 μg/mL
(p ≥ 0.05).
To test the effectiveness of the PPSB extract as inhibi-

tor of starch hydrolysis in vivo, experiments were done
in which the blood glucose levels were measured in rats
after the administration of commercial corn starch.
Intragastric administration of starch to rats should in-
crease blood glucose. One can expect that the PPSB ex-
tract, on the other hand, diminishes or abolishes this
increase if its components also inhibit starch hydroly-
sis in vivo. Three different doses of PPSB were ad-
ministered intragastrically as described in the
Materials and methods section. Acarbose (50 mg/kg),
a well known amylase inhibitor [33], was used as a
positive control. The administration of starch alone
resulted in a rapid increase in the blood glucose
levels (Fig. 2). For the control rats the glycemic levels
remained essentially constant.
Both acarbose and the PPSB extract prevented to a

considerable extent the elevation of blood glucose. This
test was done considering that hydrolysis of intragastri-
cally administered starch is a prerequisite for the en-
trance of the derived glucosyl units into blood. This
phenomenon can be best appreciated by comparing the
areas under the glycemic curves in Fig. 3. The areas were
computed numerically and subtracted from the area

under the curve obtained when water was administered
alone. This area can be regarded as a measure of the
extra glucose in the circulating blood during the first 60
min following starch and PPSB extract administration.

Fig. 2 Influence of the P. pluviosa aqueous alcohol extract (PPSB)
administration on the glycemic levels of fasting rats during 60 min
following starch administration. Each datum point represents the
mean ±mean standard errors of four experiments. Experimental
details are given in the Materials and methods section

Fig. 3 Areas between the glycemic curves after starch administration
(starch alone or starch plus α-amylase inhibitors) and the glycemic
basal levels. The areas were determined with the corresponding data
in Fig. 2 using the numerical integration procedures of the Graph Pad
version 5.0. The error terms correspond to standard deviation of the
means. Letters indicate statistical difference relative to the situation in
which starch alone was administered according to ANOVA followed by
post hoc testing according to Tukey (p ≤ 0.05)
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Figure 3 reveals that the action of the PPSB extract
showed a well-defined dose-dependent action. The low-
est dose (100 mg/kg) already diminished the glycemic re-
sponse by 25%; with the highest dose (500mg/kg) the
diminution reached 75%.
It is evident that the inhibition of amylases by the

PPSB extract was dose-dependent, but complete inhib-
ition was not achieved with concentrations up to
1000 μg/mL (salivary amylase) or 1500 μg/mL (pancre-
atic amylase). However, total inhibition of amylases may
not be of interest because previous studies indicate that
excessive inhibition of the pancreatic α-amylase can re-
sult in side effects through abnormal bacterial fermenta-
tion of undigested carbohydrates in the colon [34].
Complete inhibition of especially the pancreatic amylase
would possibly necessitate very high concentrations in
the intestine which would require, in turn, the ingestion

of very high and impracticable doses. Hence, it is un-
likely that a situation of excessive inhibition of the pan-
creatic amylase could be produced by accident. Previous
studies have shown that antioxidant phenolics such as
gallic acid, flavonoids, and condensed and hydrolysable
tannins are also inhibitors of carbohydrate digestive en-
zymes [3, 6, 33–42]. So, the inhibitory effect of PPSB ex-
tract on the carbohydrate digestive enzymes may also be
attributed to its richness in phenolics, including gallic
acid, flavonoids and tannins [14].

Identification of the compound from the extract with
higher enzyme binding potential
Docking simulations were done in order to investigate
which of the components of the extract has greater po-
tential of binding to alpha-amylase. To make the result
as reliable as possible, three different programs using

Fig. 4. a Docking of the ligand geraniin on the catalytic site of pig pancreatic alpha-amylase showing that all the programs evaluated found the
same pose for this ligand with few differences. b The pose found by Autodock is in green, the pose found by Molegro is in blue and pose found
by Gold is in gold. c Chemical structure of geraniin (PubChem CID: 3001497)

Table 2 Weight of organs of male and female rats treated for 14 days with different amounts of PPSB extract

Weight (g) (mean ± SD)

Organs I
Control

II
2.0 g/kg

III
3.0 g/kg

IV
4.0 g/kg

V
5.0 g/kg

Male Spleen 0.63 ± 0.07 0.41 ± 0.08 0.58 ± 0.09 0.75 ± 0.11 0.61 ± 0.10

Heart 0.57 ± 0.03 0.43 ± 0.03 0.47 ± 0.07 0.55 ± 0.02 0.53 ± 0.05

Liver 5.72 ± 0.66 4.25 ± 0.51 4.67 ± 0.77 6.05 ± 0.72 5.75 ± 0.83

Lungs 0.63 ± 0.09 0.68 ± 0.04 0.71 ± 0.06 0.74 ± 0.09 0.69 ± 0.10

Kidney 1.57 ± 0.11 1.08 ± 0.09 1.20 ± 0.12 1.79 ± 0.17 1.51 ± 0.07

Female Spleen 0.55 ± 0.07 0.57 ± 0.04 0.60 ± 0.10 0.56 ± 0.06 0.65 ± 0.09

Heart 0.49 ± 0.06 0.78 ± 0.11 0.69 ± 0.11 0.46 ± 0.05 0.46 ± 0.05

Liver 5.15 ± 0.36 5.81 ± 0.54 5.92 ± 0.98 5.76 ± 0.24 5.01 ± 0.64

Lungs 0.68 ± 0.08 0.78 ± 0.07 0.65 ± 0.33 0.67 ± 0.10 0.74 ± 0.09

Kidney 1.46 ± 0.14 1.93 ± 0.15 1.91 ± 0.32 1.31 ± 0.07 1.41 ± 0.18

Mean values are not significantly different (p ≥ 0.05), n = 5
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different search and rank algorithms were employed.
Thus, if a single ligand is selected with the best score
and with reproducibility by the three different programs,
the chances of this ligand being a false-positive drastic-
ally decrease. To make the selection criterion even more
stringent, the molecule chosen in common should ex-
hibit the same pose on protein binding, in all replicates
by all programs. The mean scores found are shown in
Table S1 (supplementary data). Of the three programs
employed, Autodock was the least selective. It is clear
that docking score should not be interpreted as bind-
ing affinity, since the latter can only be estimated by
calculations and confirmed by binding kinetic assays
with the enzyme. The docking simulation only selects
the molecule with the physico-chemical requirements
needed to fit in a particular site of the protein. However, if
different programs find the same pose for a given mol-
ecule, in all the simulations, the greater are the chances of
it being a true ligand. As a result, the geraniin molecule
(CID3001497) was the one that had a higher score than
the reference ligand ACA and, in all the simulations it
presented the same binding pose (Fig. 4). In fact, geraniin
has a known anti-hyperglycemic activity [43, 44], what
gives even more reliability to the results.
The results presented herein suggest that geraniin

would be the component with the greatest binding po-
tential among all others. However, there are other mole-
cules present in the Poincianella pluviosa extract which
also have known alpha-amylase inhibitory activity. Cori-
lagin [45], for example, acts as a mixed inhibitor of the
enzyme, and 1,2,3,4,6-penta-O-galloyl-glucose (pentagal-
loyl-glucose, PGG) has recently been described as a
competitive inhibitor [38]. Other components of the ex-
tract may eventually act as inhibitors of alpha-amylases.
Consequently, the inhibition of both salivary and pancre-
atic amylases by the PPSB extract results more likely
from a summation of effects of several molecules.

Safety evaluation of the PPSB extract upon oral
administration
No mortality or clinical symptoms attributable to the
PPSB extract were observed upon oral administration
during the 14 days period. The males treated with the
2.0 g/kg dose showed a tendency toward diminution of
the weight of several organs, the opposite occurring with
the females (Table 2). These tendencies, however, lacked
statistical significance at the 5% level and were not con-
firmed when the doses were increased. Additionally, the
body weight gains of control and treated groups were
similar and showed no statistically significant differences
(Fig. 5). This observation corroborates the suggestion
that the PPSB extract does not impair in a deleterius
manner physiological functions or nutrient absorption.
The results of the mutagenicity assays are presented in

Table 3. No deaths were observed during the experi-
ment. The administration of 3.0 g/kg of PPSB did not
result in significant modification in the number of
micronucleated polychromatic erythrocytes compared to
the negative control group. However, as expected, the
positive control group presented a pronounced increase.

Fig. 5 Initial and final body weight of male (a) and female (b) rats treated for 14 days with different amounts of PPSB extract

Table 3 Number of micronucleated polychromatic erythrocytes
(MPE) per 1000 red cells

Group gender MPE per 1000 red cells

Positive group Male 31.6 ± 2.1*

Female 25.3 ± 4.0*

Negative group Male 5.5 ± 1.0

Female 3.8 ± 1.0

PPSB extract
(3.0 g/kg) group

Male 5.4 ± 0.9

Female 5.3 ± 0.6

The data are expressed as mean ± S.D. (n = 5). Asterisks (*) indicate significant
differences (p ≤ 0.05 with respect to the PPSB extract group. The positive
group received cyclophosphamide, 50 mg/kg. The negative group
received saline
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Our results showed that the PPSB extract lacks acute tox-
icity and did not exert mutagenic effects. The emergence of
significant changes in the organ and animal weights used to
assess acute toxicity serve as a sensitive indicator of the
general health status and to evaluate the toxic effect of
drugs [15]. Furthermore, the evaluation of mutagenicity by
the micronucleus test is considered an effective pre-clinical
toxicity test to detect changes caused by mutagens [28].

Conclusion
In conclusion, the stem bark aqueous alcohol extract of
Poincianella pluviosa (PPSB extract) inhibits several
carbohydrate digestive enzymes relevant to type 2 dia-
betes: salivary and pancreatic amylases, β-galactosidase,
and invertase. However, the intestinal α-glucosidase was
not inhibited by the extract. Docking simulations suggest
that the dehydroellagitannin, geraniin, presents the
greatest binding potential to the pancreatic alpha-
amylase, being a potent inhibitor of the enzyme. The
PPSB extract was also able to inhibit the intestinal starch
absorption in rats. It can be concluded that the PPSB ex-
tract is potentially useful in controlling the postprandial
glycemic levels in diabetes. The high antioxidant activity
and an efficient inhibitory action on carbohydrate digest-
ive enzymes, may be regarded as being relevant to type 2
diabetes. Chronic hyperglycemia associated with type 2
diabetes leads to an imbalance in the redox homeostasis
at the cellular level due to the uncontrolled production
of harmful reactive oxygen species. Thus, the phenolic-
linked antioxidant activity of the PPSB extract found in
this study offers the perspective that it could represent a
potential aid in the reduction of oxidative stress medi-
ated by hyperglycemia. Further clinical studies with the
extract are needed, however, to confirm its potential use
in the management of type 2 diabetes.
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