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Abstract

Background: The seeds of Hunteria umbellata is a common folkloric plant used in the manage-
ment of Diabetes mellitus in Nigeria. Though there are many reports on its antidiabetic potential, there
is a scarcity of information on its mechanisms of antidiabetic action. This study was designed to investi-
gate the mechanism of antidiabetic action of H. umbellata seed by evaluating the inhibitory effect of its
extracts on enzymes that are targeted in the management of diabetes mellitus.

Methods: Dried seeds of H. umbellata were powdered and extracted separately in water and etha-
nol. Alpha-amylase, a-glucosidase, and sorbitol dehydrogenase inhibitory activities of the concentrated
extracts were determined spectrophotometrically. Furthermore, the phenolic profile of the seed was de-
termined using HPLC-UV analysis.

Results: The inhibitory effect of both ethanol and aqueous extracts H. umbellata on the selected
enzymes were similar with IC50 value of 40.36 £ 2.92 and 40.25 £ 4.53 mg/mL for a-amylase, 45.42 +
2.44 and 39.32 + 3.46 mg/mL for a-glucosidase, and 36.25 + 2.31 and 32.35 + 1.53 mg/mL for sorbitol
dehydrogenase, respectively. Kinetic studies showed that a-amylase was inhibited competitively, while
both a-glucosidase and sorbitol dehydrogenase were inhibited in a non-competitive manner. The phe-
nolic compounds identified in the H. umbellata seed were gallic acid, catechin, p-coumaric acid, rutin,
and ferulic acid.

Conclusion: The H. umbellata seed extract's antidiabetic action may be by inhibiting the activities
of a-amylase, a-glucosidase, and sorbitol dehydrogenase. This inhibition could be due to the presence
of phytochemicals such as phenolic compounds in the plant.
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1. INTRODUCTION

Diabetes mellitus is one of the widespread non-
communicable diseases globally. It accounts for about
eight million deaths annually from an estimated 173
million adult diabetics worldwide [1]. Non-insulin-
dependent diabetes mellitus (NIDDM) or type 2 diabetes
mellitus is the most prevalent and accounts for about
90% of all diabetes cases [2]. It is due to either the
pancreas not producing enough insulin or the body's cells
not responding correctly to the insulin produced [3].
Increased blood glucose concentration, termed
hyperglycemia, is linked to the onset of type 2 diabetes
mellitus, which is associated with several complications
including hypertension, retinopathy, and nephropathy[4].

Prevention and treatment of diabetes mellitus involve
regulating blood glucose levels in people with diabetes or
those with high risk. It also involves consuming healthy
diets, doing regular physical exercise, and maintaining
normal body weight [5]. Insulin and some oral
hypoglycemic medications can reduce blood glucose
levels [6], while weight loss surgery for those who are
obese is sometimes an effective measure for treating
type2 Diabetes mellitus [7]. Despite the appreciable
progress made in the management of diabetes using
conventional drugs and management strategies, diabetes
and its complications continue to be a significant medical
problem. Most synthetic oral hypoglycaemic agents
recommended for managing this disease have some
that effects,
inaccessibility to specialists and drugs, high cost, and
rigid treatment regimen [8, 9].

limitations include serious side

In addressing the limitations encountered in the
management of diabetes mellitus using synthetic drugs,
the WHO expert committee on diabetes
recommended further analysis of folkloric herbs and
methods used in the management of diabetes mellitus
[10]. Also, many people are turning to traditional herbal
medicines to prevent and treat diabetes throughout the
world due to easy accessibility and perceived safety [11,
12]. Some of these herbs commonly used in Africa
traditional medicine in the management of diabetes
mellitus are based on claims of having healing properties
against many ailments [13]. One of such indigenous
herbs used in the management of diabetes mellitus
among the Yoruba tribe of South-West Nigeria is
Hunteria umbellata known locally as 'Abeere’ [14].

mellitus

Hunteria umbellata K. Schum (family: Apocynaceae) is a
small glabrous tree with a dense crown, native to the

tropic of West Africa. The yellow, smooth fruits carry
seeds, which are enclosed in the pulp. The seeds, root,
bark, and leaves are highly valued for their medicinal
properties [14]. It is called 'abeere' or 'arin' in Yoruba,
'osu' in Edo, and 'mkpokiri' in Igbo [15]. In African folk
medicine, the plant has wide therapeutic uses, including
treatment of pains, gastric ulcers, liver diseases, obesity,
diabetes mellitus, pregnancy-related ailments, and to
induce or augment labour at term, among many other
uses[16]. The dried seeds are popularly used to treat
diabetes in Nigeria, with claims of having the ability to
lower blood sugar levels [17]. Also, several scientific
reports have confirmed the hypoglycemic effect of the
extracts of this dried seed using different diabetes models
in animals [14, 17].

The seed's phytochemical constituents revealed the
presence of alkaloids, flavonoids, tannins, and
glycosides, and the hypoglycemic effects of the aqueous
seed extract of H. wumbellata in nicotine-induced
hyperglycemic rats showed a dose-related reduction in
the blood glucose levels [14]. The boiled extract was
reported to reduce blood glucose levels and increase liver
glycogen levels in streptozotocin-induced diabetes rats
[17]. Diabetic patients placed on a twice-a-day dose of
the H. umbellata treatment with metformin attained
normal glucose level in three weeks, compared to eight
weeks with patients treated only with metformin [16].
However, despite the local claims of efficacy of the plant
decoction in managing diabetic patients, the scientific
studies have majorly focused on the blood glucose
reducing property of the seed extract without providing
the mechanism(s) behind the hypoglycemic activity of
the plant.

Therefore, this study evaluated the inhibitory effect of
the H. umbellata seed extract on some enzymes targeted
in the management of diabetes mellitus, as a probable
mechanism of action for its hypoglycemic property.

2.0 MATERIALS AND METHOD
2.1 Plant Material

Hunteria umbellata seeds were purchased from a local
market at Agbalata in Badagry, Lagos State, Nigeria. The
sample was authenticated at the Department of Botany,
Faculty of Science, University of Lagos, Akoka, Lagos,
where a voucher specimen number LUH 8377 was as-
signed and deposited at the university herbarium. Sam-
ples were then dried under shade, blended into fine pow-
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der form, and stored in a dried container before use.
2.2 Chemicals

The a-amylase from Aspergillus oryzae, a-glucosidase
from Saccharomyces cerevisiae, D-sorbitol, NADH, sor-
bitol dehydrogenase, tris buffer, acarbose, quercetin,
maltose, and soluble starch (extra pure) were products of
Sigma-Aldrich Co., St Louis, USA. Other chemicals and
reagents used were of analytical grade while the water
used was glass distilled.

2.3 Preparation of Plant Extracts

The powdered sample was divided into two portions of
10 g each, and these were extracted for 48 h in ethanol
and distilled water, respectively. All extracts were fil-
tered using Whatman No. 1 filter paper. The filtrates
were further concentrated by leaving the ethanol extract
open in a water bath at 40 °C for the ethanol to evapo-
rate. The water extract was freeze-dried using a freeze
dryer. Concentrated crude extracts were weighed and
dissolved in 10% dimethyl sulfoxide (DMSO) to yield a
stock solution of 1.0 mg/mL from which lower concen-
trations (125, 250 and 500 pg/mL) were prepared using
distilled water.

2.4 HPLC-Analysis of Polyphenolic Compounds

The polyphenolic contents of the H. umbellate were de-
termined using high-performance liquid chromatography
(HPLC Argilent technology 1200 series) coupled with an
automatic injector (Argilent technology 1100 series).
Two gram of the sample was milled into fine form, and
10 ml of a mixture (50:50) of acetonitrile and methanol
was added to the fine sample for extraction. It was vor-
texed thoroughly for about 20 min and the organic layer
produced was poured into a beaker. 10 mL of the mixture
of acetonitrile and methanol was added again to get a
clean mixture. It was then filtered using a filter paper and
then clean-up by passing through a silica gel-packed col-
umn. The conditioned packed column was run with 10
mL of HPLC-grade methanol (conditioning). The extract
was allowed to run through the column to remove unnec-
essary fragments, and the column was eluted with HPLC-
grade methanol to remove any other particle present. The
clean, clear extract was concentrated and reconstituted
with 1 mL of methanol-acetonitrile mixture that was run
on the column. UV-detector was used at 280 nm to moni-
tor the detection of the analyte. An injection volume of
about 10 uL was injected into the machine. The flow rate
was 0.8mL/min, and the length of the column was
150%4.6 mm. The mobile phase was acidified water and

acetonitrile.

2.5 Determination of inhibitory activities of the con-
centrated extracts

i. The modified procedure of McCue & Shetty [18]
was used to evaluate the inhibition of a-amylase by
graded concentration (125 — 1000 pg/mL) of the ex-
tracts. Distilled water substituted the extracts in a
control solution following the same procedure [19].

ii. The a-glucosidase inhibitory activity was determined
by the modified method described by Kim et al. [20]
using varying concentrations (125 — 1000 pg/mL) of
the extracts.

iii. Inhibition of sorbitol dehydrogenase activity by dif-
ferent concentrations (125 — 1000 pg/mL) of the ex-
tracts were evaluated using the modified procedure
[21].

2.6 Calculation of percentage inhibition of enzymes

The percentages inhibition of the three enzymes (o-
amylase, a-glucosidase and sorbitol dehydrogenase) were
determined using the equation:

(Abs Abs

control— s.x'rractr)

Abs

06 Inhibition = x100

control

Where Abs.oniol 1S the absorbance of control while Abs
extract 18 the absorbance of extracts.

2.7 Calculation of IC50 values of enzymes' inhibition

The concentration of extract or standard that inhibited
50% of enzyme activities (IC50) was evaluated graph-
ically by plotting percentage inhibition of enzymes
against the concentration of extract using Microsoft Ex-
cel (2010).

2.8 Determination of Kinetics of inhibition of the en-
zymes

The modes of inhibition of the enzymes (a-amylase, o-
glucosidase, and sorbitol dehydrogenase) by the ethanol
extract of H. umbellata were determined from a double-
reciprocal plot using Michaelis Menten kinetics [22].

2.9 Statistical analysis

All results were expressed as mean + SEM of triplicate
determinations. Data were analyzed using analysis of
variance (ANOVA) followed by Bonferroni test (p <
0.05), with the aid of GraphPad Prism 5.
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3 RESULTS
3.1 Inhibition of a-amylase activity

Figure 1 shows the level of inhibition of a-amylase by
aqueous and ethanol extracts of H. umbellata at varying
concentrations (125, 250, 500, 1000 pg/mL). Inhibition
of the enzyme by both aqueous and ethanol extracts was
dose-dependent and their level of inhibitions was similar
(p > 0.05) at the lowest and highest concentrations. How-
ever, the percentages inhibition of the ethanol extract at
250 and 500 pg/mL were significantly higher (p < 0.05)
than aqueous extract.
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Figure 1. Inhibitory effects of aqueous and ethanol extracts of
Hunteria umbellata on alpha-amylase activity. Values represent the
mean = SEM of triplicate experiments. Bars with different super-
scripts at the same concentration are significantly different (p < .05).

3.2 Inhibition of a-glucosidase activity

Figure 2 represents the level of inhibition of a-
glucosidase by both aqueous and ethanol extracts of Hun-
teria umbellata at varying concentrations (125, 250, 500,
1000 pg/mL). The inhibitory effects of both extracts
were dose-dependent, however, the level of inhibition by
the ethanol extracts was significantly higher (p < 0.05) at
all concentrations compared to the aqueous extracts.
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Figure 2. Inhibitory effects of aqueous and ethanol extracts of
Hunteria umbellata on alpha-glucosidase activity. Values represent
the mean + SEM of triplicate experiments. Bars with different super-
scripts at the same concentration are significantly different (p < 0.05).

3.3 Inhibition of sorbitol dehydrogenase activity

Figure 3 represents the level of sorbitol dehydrogenase
inhibition by ethanol and aqueous extracts of H. umbella-
ta. The extracts inhibited the enzyme in a dose-dependent
manner. Although the figure shows the percentage inhibi-
tion of the ethanol extracts were higher than the aqueous
extracts, the differences were not significantly different
(p > 0.05) at all concentrations tested.

1007230 Agqueous

@@ Ethanol a a
804 a
60' a

40

201

Sorbitol dehydrogenase inhibition (%)

T T T
250 500 1000
Concentration of extracts (png/mL)

T
125

Figure 3. Inhibitory effects of aqueous and ethanol extracts of
Hunteria umbellata on sorbitol dehydrogenase activity. Values rep-
resent the mean + SEM of triplicate experiments. Bars with different
superscripts at the same concentration are significantly different (p <
0.05).

3.4 Inhibitory concentration at 50 % enzyme activities

The IC50 (extract concentration causing 50% enzyme
inhibition) values of the extract against a-glucosidase, o-
amylase, and sorbitol dehydrogenase activity was deter-
mined (Table 1). There was no significant statistical dif-
ference in the IC50 values between the ethanol and aque-
ous extract against the three enzymes. However, the etha-
nol and aqueous extracts of H. umbellata had significant-
ly lower IC50 compared to acarbose for a-amylase and a-
glucosidase, as well as quercetin for sorbitol dehydrogen-
ase activity.

Table 1. Inhibition concentration (ICsy) values of a-

Amylase, a-Glucosidase, and sorbitol dehydrogenase by
aqueous and ethanol extracts of Hunteria umbellata

Samples ICsq values

a-amylase o- Sorbitol de-

glucosidase hydrogenase

Aqueous 40.36+£2.92% | 45.42+£2.44* | 36.25+2.31°
extract
Ethanol 40.25+4.53* | 39.32+3.46" | 32.35+1.53°
extract
Acarbose | 67.5£4.62° | 104.61£1.23° | ND
Quercetin | ND ND 67.50+0.83"

ND: Not Determined. Values presented are mean + SEM of experiments
carried out in triplicate. Columns with different alphabetical superscripts
are significantly (p<0.05) different.

191



Bankole et al Pan African Journal of Life Sciences (2021):5(1):188-195

3.5 Kinetics of inhibition of extracts

Kinetic studies were performed to determine the en-
zymes' mode of inhibition by Lineweaver-Burk plot, us-
ing the most potent (extract with the lowest IC50) inhibi-
tor. Figures 4, 5 and 6 showed the Double reciprocal plot
of the modes by which ethanol extract of H. umbellata
inhibits a-amylase, a-glucosidase, and sorbitol dehydro-
genase, respectively. The plots showed that a-glucosidase
and sorbitol dehydrogenase were inhibited in a non-
competitive manner, while the a-amylase was inhibited
competitively.
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Figure 4. Mode of inhibition of a-amylase by ethanol extract of
Hunteria umbellata
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Figure 5. Mode of inhibition of a-glucosidase by ethanol extract
of Hunteria umbellata

3.6 Polyphenolic composition

Figure 7 shows the spectrum of polyphenols identified in
the HPLC-UV analysis for aqueous extract of H. umbel-
lata at 280 nm. Phenolic compounds present are gallic
acid, catechin, p-coumaric acid, rutin, and ferulic acid as
shown by peaks with retention times of 7.777 min,
15.266 min, 18.474 min 20.247 min, and 23.963 min,
respectively.
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Figure 6. Mode of inhibition of sorbitol dehydrogenase by aque-
ous extract of Hunteria umbellata
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Figure 7. HPLC profile of aqueous extract of Hunteria
umbellata at 280 nm.

4. Discussion

One of the most effective approaches adopted in the man-
agement of diabetes mellitus, especially type-2 diabetes,
is to target the modulation of enzymes involved in carbo-
hydrate metabolism, especially by inhibiting carbohy-
drate hydrolyzing enzymes in the gastrointestinal tract
[23]. In recent times, more attention is focused on natural
products that may be beneficial in the treatment of diabe-
tes. Inhibitors of a-amylase and a-glucosidase are known
to significantly decrease postprandial blood glucose lev-
els after a high carbohydrate meal and are employed as
an approach in managing diabetes [24]. However, an in-
crease in blood glucose level could also be managed by
inhibiting the two enzymes of the polyol pathway; aldose
reductase and sorbitol dehydrogenase [25].

The polyol pathway is a glucose metabolism alternate
route that is initiated in tissues that can take-up glucose
without insulin assistance. The pathway involves con-
verting glucose to sorbitol by aldose reductase and then
sorbitol dehydrogenase, further metabolizing the sorbitol
to fructose [26]. Elevation of fructose through sorbitol
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dehydrogenase activity may promote the production of
advanced glycation end products, which contributes to
complications in diabetes. Thus, agents that could inhibit
the activity of enzymes of the polyol pathway are used to
prevent or ameliorate diabetic complications [27].

This study compared the inhibitory effects of the aqueous
and ethanol extracts of H. umbellata seeds on the activi-
ties of a-amylase, a-glucosidase, and sorbitol dehydro-
genase. The fact that both extracts' effects were dose-
dependent and levels of inhibition were similar indicates
that the active inhibitory constituents of the seeds are
soluble in both water and ethanol. The lower IC50 values
of the extracts compared to the standard drugs suggest
that the extracts could be more effective as inhibitors of o
-amylase and a-glucosidase than acarbose. This is also
applicable to the inhibition of sorbitol dehydrogenase by
the extracts. The lower the IC50 values, the better the
inhibition of the enzymes [28].

The enzyme responsible for the breakdown of polysac-
charides to simpler sugar in the human body is a-
amylase. Complex polysaccharides are hydrolyzed by
this enzyme to produce oligosaccharides and disaccha-
rides which are further broken down by a-glucosidase to
monosaccharides that are absorbed through the small in-
testine into the hepatic portal vein to increase the post-
prandial blood glucose levels [29]. Thus, inhibition of a-
amylase and a-glucosidase will decrease postprandial
glucose levels. H. umbellata seeds' Extracts demonstrated
significant a-amylase and a-glucosidase inhibition, indi-
cating their potential role as a probable antidiabetic
agent. The mode of inhibition of a-amylase and a-
glucosidase by the extracts was shown to be competitive
and non-competitive inhibition, respectively. This sug-
gests that the inhibitory compounds bind the active site
of a-amylase while the inhibitor does not compete for the
active site in inhibiting a-glucosidase. This result is simi-
lar to earlier studies that reported that the aqueous extract
of H. umbellata inhibited a-amylase activity [30, 31].

Chronic hyperglycemia resulting from diabetes is associ-
ated with long-term damage or dysfunction of various
organs such as the eyes, kidneys, nerves, heart, and blood
vessels [32]. The polyol pathway is one of the most ef-
fective mechanisms by which complications of diabetes
occur since it is activated when the glucose level in-
creased. The inhibition of sorbitol dehydrogenase activity
by the extracts of H. umbellatta may mitigate the for-
mation of advanced glycation end products, thereby con-
tributing to the prevention and or palliation of diabetic
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complications [33]. The non-competitive inhibition of
sorbitol dehydrogenase by the extract may suggest that
the extract's inhibitory components do not contend with
the substrate in binding to the enzyme's active site but
rather interact with the enzyme at a separate site to inhib-
it the enzyme activity. The benefits of the non-
competitive inhibitors (such as drugs) is that they de-
crease the enzyme's turnover rate rather than prevent the
substrate from binding the enzyme. Instead of the reac-
tion of the enzyme being stopped, it is reduced and the
reaction cannot be reversed by increasing the concentra-
tion of the substrates [34].

Phenolic compounds have attracted much attention due
to their various biological activities, including enzyme
inhibition and anti-diabetic activity [35]. Five individual
phenolic compounds were identified from the H. umbel-
latta seed, which could contribute to the a-amylase, a-
glucosidase, and sorbitol dehydrogenase inhibitory activ-
ities. Some of these compounds have been identified and
isolated from extracts of the seeds of H. umbellatta [30,
31]. Gallic acid has been reported to attenuate insulin
resistance in streptozotocin (STZ)-induced diabetic rats
[36] while catechin ameliorates diabetes and its compli-
cations [37]. p-coumaric acid modulates glucose and li-
pid metabolism via pancreatic glucose transporter 2 acti-
vation [38], and ferulic acid protects against STZ-
induced diabetic nephropathy [39]. Rutin from tartary
buckwheat possessed hypoglycemic property in type-2
diabetic mouse model [40]. Some of these phenolic com-
pounds have also been reported to be responsible for the
antidiabetic activity of plants by inhibiting the activities
of enzymes targeted in the management of diabetes
mellitus [35]. These are indications that the extracts of H.
umbellatta seed possess antidiabetic properties partly
due to their ability to inhibit diabetes-related enzymes.

This study demonstrated that both aqueous and ethanol
extracts of H. umbellatta inhibit the activities of a-
amylase, o-glucosidase, and sorbitol dehydrogenase. The
ethanol extract competitively inhibited the activity of a-
amylase, while the activities of a-glucosidase and sorbi-
tol dehydrogenase were inhibited in a non-competitive
manner. The inhibitory effect of the H. umbellatta seed
extracts may be due to the presence of polyphenols
(gallic acid, catechin, p-coumaric acid, rutin and ferulic
acid. However, individual inhibitory effects of these
identified polyphenols from H. umbellatta seeds needs to
be carried out to confirm their specific role in ameliorat-
ing diabetes mellitus.
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