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and Persea americana (P. americana) (traditionally used in Cameroon against diabetes) on
a -glucosidase, B -glucosidase, maltase-glucoamylase, aldose reductase and aldehyde reductase
activities, enzymes involved in starch digestion or diabetic complications. Methods: The
methanol extracts from Piper umbellatum and P. americana were prepared by maceration. To
assess relative efficacy of these extracts, the determination of concentrations that were needed
to inhibit 50% of enzyme activity was done, whereas, gas chromatography-mass spectrum was
used to identify components from extracts that may be responsible for the activities. Results:
The tested extracts strongly inhibited « -glucosidase, maltase-glucoamylase, aldose reductase
and aldehyde reductase activities with ICs, ranging from (1.07 + 0.03) to (31.77 £+ 1.17) ug/mL.
Among the tested extracts, P. americana Was the most active against sensitive enzymes (ICy, of
1.07 £ 0.03 to 15.63 + 1.23). But, none of the extracts showed interesting inhibitory effect against
B -glucosidase as their percentage inhibitions were less than 16%. From gas chromatography-
mass spectrum analysis, 10 and 8 compounds were identified in Piper umbellatum and P.

americana extracts respectively, using NIST library 2014. Conclusions: Results of this study

provide the scientific credential for a prospective usage of these plants to treat diabetes.

1. Introduction

Based on the most recent estimation of WHO, approximately 200
million individuals in the world are diabetics. By the year 2025,
this value may rise to nearly 350 million and could lead to a severe
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consequence on human beings’ health[1.2]. Glycemic management
is a long-term treatment for persons suffering from diabetes
mellitus[3.4]. Glycemic control is primarily focused on inhibitors
designed to target glucosidases, members of hydrolases found at
the level of gastro-intestinal tract and whose exo-acting abilities are
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necessary for carbohydrate digestion. These inhibitors of glucosidase
are usually recommended to diabetics to diminish glucose flow into
the bloodstream from dietary starch, reducing the postprandial effect
of consumption of carbohydrates on glycemia[5]. Some leading
inhibitors of glucosidase such as miglitol and acarbose are available
on the market but they have been reported to cause diarrhea as well
as other intestinal disturbances, with corresponding flatulence and
intestinal pain[6.7]. Extended exposure to persistent hyperglycemia
can result in several complications impeding the neurological,
visual, renal, and cardiovascular systems|[8]. The mechanisms by
which diabetic complications arise are not yet totally known, several
biochemical routes engaged in relation with hyperglycemia have
been established[8]. Of these pathways, polyol one was widely
investigated|9].

Aldose reductase, an aldo-keto reductase, is the first enzyme of
the polyol route. The rate of this latter is limited by that enzyme
which acts as a cofactor to reduce glucose to sorbitol by utilizing
nicotinamide adenine dinucleotide phosphate (NADPH)[9].
Sorbitol accumulation leads to modifications in the permeability
of membranes, osmotic swelling, and oxidative stress resulting in
tissue damage[10]. Experiments based on animal models showed that
inhibition of aldose reductase could be efficient in the prevention of
some complications[11]. Aldehyde reductase is an isoform of aldose
reductase responsible for aldehyde reduction as well as for synthesis
of ascorbic acid in mammals by D-glucuronate reduction[12.13].
It is also responsible for the metabolism of methyl glyoxal and
3-deoxyglucosone. These aldehydes which are the result of oxidative
stress under pathological conditions (hyperglycemia) arise in
large quantities and act as an intermediate for advanced glycation
end-products[14]. Some aldose reductase and aldehyde reductase
inhibitors have been developed to reduce diabetic complications;
however, because of undesirable side effects or limited efficacy, none
of them has achieved worldwide use[15].

Medicinal plants may be a credible source of glucosidases, aldose
reductase and aldehyde reductase inhibitors thanks to relative safety
and low cost[16]. Piper umbellatum (P. umbellatum) and Persea
americana (P. americana) are traditionally used in Cameroon
against diabetes. From the literature, three alkaloids named
piperumbellactams A—C isolated from P. umbellatum branches
showed moderate inhibition of « -glucosidase[17]. Hypoglycemic
activity of aqueous leaf extract as well as that of hydroalcoholic
leaf extract of P. americana Mill were reported by Muchandi[18] and
Lima et al[19] in alloxan-induced and streptozotocin-induced diabetic
rats respectively. But, to the best of our knowledge, the mechanisms by
which they exert their activities have not yet been reported. Thus, this
work aimed to determine the potential of methanolic leaf extract of P.
umbellatum and P. americana to inhibit « -glucosidase, 8 -glucosidase,
glucoamylase, aldose reductase and aldehyde reductase activities. In
addition, gas chromatography-mass spectrum (GC-MS) analysis of
these extracts was also performed in order to determine compounds
that can be reponsible for their enzymes inhibition activity.

2. Materials and methods
2.1. Plant

Leaves of P. umbellatum and P. americana were harvested in

February 2017 respectively from Bazou and Bangang-Fokam, west
region in Cameroon. The authentification was done at the Cameroon
National Herbarium in comparison to the registered specimen
under reference 2854/SFR/Cm and 57756/HNC, respectively. After
dryness, the leaves were ground for extraction.

2.2. Obtention of plant extracts

Powder from leaves of P. umbellatum and P. americana (200 g) was
macerated for 48 h at room temperature in methanol (600 mL) and
filtered using Wattman paper No 1. Methanol was removed from the
extract using a rotary evaporator at 45 °C under reduced pressure.

2.3. Exploration of extracts by GC—MS

GC-MS of extracts from P. umbellatum and P. americana leaves
was done using TurboMass GC System, fitted with an Elite-5
capillary column (30 m long, 0.25 mm inner diameter, 0.25 um
film thickness and highest temperature of 350 ‘C), combined with a
Perkin Elmer Clarus 600C MS. The helium served as gas carrier at a
steady flow rate of 1 mL/min. The injection, transfer line as well as
ion source temperature were 280 °C while the energy of ionization
was 70 eV. The oven temperature was adjusted from 40 “C (hold
for 2 min) to 280 °C (hold for 10 min) at a frequency of 5 “C/min.
The crude extracts were solubilised using ethyl acetate and filtered
with syringe filter (Corning, 0.45 um). A volume of 1 puL of the
crude extracts was injected with a split ratio of 1:20. The data were
obtained by collecting mass spectrum within 50-550 m/z. Chemical
compounds present in analysed extracts were identified based on gas
chromatography retention time and mass spectra matching those of
standards available in NIST library 2014.

2.4. Antidiabetic activity

2.4.1. Isolation of intestinal maltase—glucoamylase enzyme
Intestinal maltase-glucoamylase was extracted following the

literature reported procedure[20] with some modifications. The
enzyme was extracted from white male rats (1-2 months) weighing
150-250 g and starved for 12 h before sacrifice. This latter was
performed by cervical dislocation. Whole intestines were gently
removed and washed with ice-cold 0.9% NaCl. For extraction,
intestines were cleaned and cut longitudinally, and mucosal scrapings
of 5-6 rats were combined and homogenized in 50 volumes of 5
mM EDTA; pH 7.0. The centrifugation of homogenized intestines
was performed at 15 000 rpm at 4 “C for 45 min and the upper
phase was thrown away. The obtained pellet was re-suspended in
90 mL of ice-cold water followed by addition of 5 mL of 0.2 M
potassium phosphate (pH 7) containing 0.1 M EDTA, and 5 mL of
0.1 M cysteine. The incubation of the obtained mixture was done at
37 °C for 30 min. Pellet was collected following centrifugation at
15 000 rpm for 45 min while supernatant was discarded. Intestinal
suspension was re-dissolved in potassium phosphate buffer (10
mM), pH 6.8, to which 4 mg of papain and 0.4 mg cysteine were
added. Incubation was performed at 37 °C for 40 min with constant
shaking. Afterward the mixture was centrifuged at 15 000 rpm
for 90 min. The upper phase was collected and precipitated with
ammonium sulphate to 80% saturation. After this process, mixture
was centrifuged at 15 000 rpm for 30 min and the upper phase was
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thrown away while pellet was collected and redissolved in 4 mL of
10 mM-potassium phosphate (pH 7). This homogenate was dialyzed
overnight against distilled water with three changes of water (40 vol
every time). The extracted enzyme was kept at -80 °C until further
use for total protein determination and inhibition studies.

2.4.2. Maltase—glucoamylase inhibition assay
Maltase-glucoamylase inhibition assay was carried out using

p-nitrophenyl « -D-glucoside (substrate) based on reported
procedure[21] with some modifications. Reaction mixture contained
70 pL of phosphate buffer (70 mM, pH 6.8), 10 uL of extracted
enzyme (25.0 ug of protein) and 10 pL of test extracts (1 mg/mL)..
After incubation at 37 °C for 5 min, 10 pL of p-NPG (10 mM,
prepared in assay buffer) was dispensed in all the wells of a 96 well,
then incubation was done at 37 °C for 30 min. The activity of the
test extracts against maltase-glucoamylase was noted by measuring
increase in absorbance of p-nitrophenol at a wavelength of 405 nm.
Acarbose served as reference drug for positive control while negative
control contained 10 pL of dimethyl sulfoxide (DMSO) 10% instead
of extracts. The percent inhibition was calculated as follows:

Percent inhibition (%) = [1-(Absorbance,,,,/Absorbance )] < 100

2.4.3. Isolation of aldehyde reductase

Kidneys were separated from the calf soon after slaughtering. The
cortex area of the kidney was dissected carefully and liquefied in 3
volumes of 10 mM sodium phosphate buffer at 7.2 pH containing
2.0 mM EDTA dipotassium salt, 0.25 M sucrose as well as 2.5 mM
[ -mercaptoethanol for dissolution and homogenization of tissue.
The homogenate was further centrifuged at 12 000 X g at 4 °C for
30 min, afterward the precipitate was thrown away as it contained
some insoluble lipids. Collected supernatant was subjected to 40%
salt (ammonium sulphate) saturation to isolate aldehyde reductase.
This 40% saturated liquid was centrifuged in the same conditions
as above. The precipitate was again discarded and the supernatant
was subjected to 50% saturation with salt followed by centrifugation
as described above. At last step of centrifugation, 75% saturation
was obtained by adding powdered salt to the obtained supernatant
followed by centrifugation as previously described, resulting in
enzyme precipitation. The supernatant was thrown away while the
pellet was collected and redissolved in 10 mM sodium phosphate
(pH 7.2) containing 2.5 mM 3 -mercaptoethanol and 2.0 mM EDTA
dipotassium salt. In the dialysis membrane, the obtained suspension
was submitted to dialysis overnight using the above buffer. After that
process, the extracted aldehyde reductase was aliquoted then stored
(-80 °C) until used for total protein determination and inhibition
studies[22].

2.4.4. Isolation of aldose reductase
Isolation of aldose reductase was performed as described by Igbal ez

al[22] with some changes. Briefly, aldose reductase was isolated from
calf lenses. Calf lenses were detached from the eyes immediately
after slaughtering and were frozen until use. A mass of 100 g of
lenses was homogenized in 3 volumes of cold distilled water,
afterward the homogenate was centrifuged at 10 000 X g for 15 min
at 4 °C to remove insoluble constituents which was thrown away as
it contained lipids. The supernatant was collected and ammonium
sulphate salt was added to make 40% saturation. The mixture
was centrifuged as previously decribed followed by discard of the
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precipitate. The ammonium sulphate concentration was increased up
to 50% saturation in order to remove additional inert proteins. Aldose
reductase was precipitated upon addition of ammonium sulfate salt
to the previous obtained supernatant to reach 75% saturation. The
obtained supernatant following centrifugation, was thrown away and
the pellet (enzyme) was redissolved in 4 mL of 50 mM NaCl. The
sample was submitted to dialysis overnight against 500 mL of 50
mM NaCl. The volume of the sample was measured after dialysis,
kept in 1 mL aliquots (in eppendorf tubes) in freezer at -80 °C for
total protein determination and inhibition studies|22].

2.4.5. Inhibition assays of aldehyde and aldose reductases
UV spectrophotometer at 340 nm was used in order to evaluate the

inhibition potential of aldehyde reductase and aldose reductase by
measuring the decrease in NADPH absorbance. Each well of the 96-
well microplate contained assay mixture which was made up of 10
uL of 100 mM phosphate buffer pH 6.2, 35 uL of enzyme (210 ug
of protein), 10 puL of 1 mg/mL tested extracts and 20 pL of substrate
(D,L-glyceraldehyde for aldose reductase or sodium glucuronate
for aldehyde reductase). The preincubation of the mixture was
performed for 5 min at 37 °C for the enzymatic reaction to run
properly, afterward 25 pL of 0.1 mM NADPH (cofactor) was added.
Reading using ELISA plate reader was immediately taken at 340
nm and the mixture was incubated and read in the same conditions
as previously described. For positive and negative control, 10 uL
of 10 mM valproic acid (for aldehyde reductase) or genistein (for
aldose reductase) and DMSO 10% was used respectively[22]. The
reaction was run in triplicate with a total volume of 100 uL per well.
Absorbances were recorded and percentage of inhibition calculated
as follows:

Percent inhibition (%) = [1-(Absorbance of test well/Absorbance of
control)] X 100

2.4.6. a —glucosidase inhibition studies

This assay was performed following the method used by Raza et al[23]
with some changes. In short, solutions of commercial « -glucosidase
obtained from Saccharomyces cerevisiae (Sigma-Aldrich) as well as
p-nitrophenyl o -D-glucopyranoside (substrate) were prepared in 70
mM phosphate buffer, pH 6.8 while extract solutions were prepared
in DMSO 10%. The inhibition assay was performed by adding 10
UL of extract solution to 70 pL of buffer and 10 pL of 2.5 unit/mL
enzyme solution followed by preincubation for 5 min at 37 °C. After
preincubation, 10 puL of 10 mM substrate was added to the mixture
in order to start reaction. Incubation of the reaction mixture was done
as indicated above for preincubation. Acarbose served as reference
for positive control. Enzyme activity was evaluated by measuring
increase in absorbance of p-nitrophenol released from p-nitrophenyl
a -D-glucopyranoside at 405 nm using an Elx 800 Micro plate
reader. The percentage of inhibition was determined as follows:
Percent inhibition (%) = [1-(Absorbance of test well/Absorbance of
control)] X100

2.4.7. B —glucosidase inhibition studies
This study was performed according to the previously described

method[23] with some modifications. B -glucosidase extracted from
sweet almonds (Sigma-Aldrich) and p-nitrophenyl {3 -D-glucopyranoside
(10 mM) used as substrate were prepared in 0.07 M phosphate buffer,
pH 6.8. The inhibition assay was carried out by adding extract solution
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Figure 1. GC-MS chromatogram of extract from leaves of P. umbellatum.
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Figure 2. GC-MS chromatogram of extract from leaves of P. americana.

(10 pL) to 70 pL of the above buffer and 10 pL of 2.0 unit/mL
enzyme solution followed by preincubation for 5 min at 37 ‘C. After
preincubation, 10 uL of substrate was added to the mixture to start the
reaction. The incubation of the reaction mixture was done for 30 min at
37 °C. Castanospermine was considered as reference drug and was used
for positive control, while 10 uL. of DMSO 10% was used for negative
control. Each test was carried out in triplicate. The percent inhibition
was determined as follows:

Percent inhibition (%) = [(1-(Absorbance,,,,/Absorbance.,,;)] < 100

2.4.8. Ethical statement
All studies involving animals were conducted according to the

ethical guidelines of the Committee for Control and Supervision
of Experiments on Animals (Registration no. 173/CPCSEA, dated
28 January, 2000), Government of India, on the use of animals for
scientific research.

2.4.9. Data analysis

Enzyme activity in presence of extracts was expressed as a
percentage of uninhibited enzyme activity, and plotted versus
inhibitor (extract) concentration. Enzyme inhibition was considered
as the reciprocal value of the measured enzyme activity and was
expressed as a percentage. The non-linear regression was done
using GraphPad Prism software. To evaluate the inhibitory potency
of extracts, concentration needed to inhibit 50% of enzyme activity
(ICs,) was determined.

2.5. Statistics analysis

Differences in calculated percent inhibition and ICy, values were

analyzed using unpaired ;-tests as well as one-way ANOVA followed
by Tukey-Kramer posi—hoc analysis in order to compare data sets.
GraphPad Prism was used to this end. Differences among means
were considered considerable at the probability threshold of 5%.

3. Results
3.1. GC-MS analysis

The chromatograms of methanol extract of P. umbellatum and
P. americana leaves were presented in Figures 1 and 2. The
relative retention time as well as mass spectra of different extract
components were compared with those of standard from NIST
library 2014. Ten [hentriacontane, 1-methylheptadecyl-benzene,
1-cyclohexylethyl-benzene, decyl heptyl ether, carbonic acid decyl
tetradecyl ester, 3,8-dimethyl-decane, carbonic acid octadecyl vinyl
ester, 2,6,10,15-tetramethyl-heptadecane , 2,4-di-tert-butylphenol,
3,5-bis (1,1-dimethylethyl)-phenol] and eight (carbonic acid dodecyl
vinyl ester, 3-ethyl-3-methylheptane, benzoic acid 1-methoxy-1h-
tetrazol-5-ylmethyl ester, estradiol benzoate, 1-cyclohexylethyl-
benzene, 2-ethyl-2-methyl-tridecanol, 5-ethyl-5-methylnonadecane,
heneicosane) compounds were identified from P. umbellatum and
P. americana extract respectively. The identified compounds were
classified as alkane, ester and compounds with benzene ring. In
P. umbellatum and P. americana extracts, four (two are phenolic
compounds) and three compounds with benzene rings were identfied
respectively.
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3.2. Antidiabetic activity

Table 1 showed the inhibition potency of crude extracts against «
-glucosidase, maltase-glucoamylase and 8 -glucosidase. From Table
1, it can be noted that the tested extracts were highly potent inhibitors
of « -glucosidase and maltase-gucoamylase. Among these extracts, P.
americana extract appeared to be the most active compared with ICy,
values of P. umbellatum extract. To check the selectivity of these two
extracts, they were also tested against {3 -glucosidase. Both extracts
showed less than 16% inhibition when tested at 0.1 mg/mL end
concentration, meaning that they did not almost inhibit {3 -glucosidase
(Table 1). However, both extracts were significantly (P<Z0.05) more
active against all the enzymes when compared to the tested positive
controls.

The inhibition potency of crude extracts against aldose reducase
and aldehyde reductase was demonstrated in Table 2. From Table 2,
it appeared that both extracts were potent inhibitors of two enzymes,
P. americana extract of which was the most active (Table 2). Against
aldose reductase, both extracts showed better activity than the
reference drug (Genistein) while only P. americana extract exerted
significantly higher inhibitory effect against aldehyde reductase
when compared to sodium valproic acid (The reference substance).

Table 1
Inhibition efficiency of crude extracts against o -glucosidase, maltase-

glucoamylase and (3 -glucosidase (mean+SD).

Extracts 1C,, (ug/mL) B -glucosidase
a -glucosidase  Maltase- (%inhibition)
glucoamylase
P. umbellaum 1671+ 142" 3177+ 117" 1533081
P. americana 7.51 +0.20° 1.26 +0.03" 15.63 +1.23"
Acarbose 343.60 £4.90°  443.50 + 3.40° /
Castanospermine / / 59.98 +0.00°

Values with the different letter superscripts along each column, are

considerably different.

Table 2
Inhibition potency of crude extracts against aldose reducase and aldehyde
reductase (mean + SD) (ug/mL).

Extracts Aldose reductase Aldehyde reductase
P. umbellatum 6.66 = 0.12° 9.16 £ 0.58

P. americana 2.22 +0.20" 1.07 £ 0.03"
Genistein 45.60 + 2.160° /

Sodium valproic acid / 5.75+ 0.84°

Values with the different letter superscripts along each column, are

considerably different.

4. Discussion

Many natural substances have been tested for glucosidase, aldose
reductase and aldehyde reductase inhibitory activities|[7.13.24]. In the
present study, the tested extracts showed inhibitory effects against
a -glucosidase and maltase-glucoamylase. This could be due to the
presence of antidiabetic compounds in these extracts. In fact, from
GC-MS analysis of extracts, it appeared that both extracts contain
aromatic compounds and according to Crane et «l[25]; and Yin et
all6], currently available treatments for diabetes and particularly

type 2 diabetes include the administration of insulin through sub-
cutaneous route and the use of various oral agents among which
were benzoic acid derivatives. Moreover, Patel et al[26] showed that
the electron donating groups on sterically hindered benzene aromatic
ring, the effector region, increase antidiabetic activity of compounds.
In our study, the aromatic identified compounds contain releasing
groups and this could justify the important activity observed in
these crude extracts. P. americana extract appeared to be the most
important inhibitor of both glucosidases and maltase-glucoamylase.
Knowing that both extracts possess aromatic compounds, the
difference in their inhibitory effects may be due to a difference
in the concentration of active principles among benzene aromatic
compounds in these extracts or to antagonistic effects among
compounds in the less active extract[27]. Both extracts showed more
significant inhibitory effects compared to the tested acarbose. This
suggests that these plant extracts, especially P. americana extract, can
be a promising source of antidabetic drug. Both extracts showed less
than 16% inhibition effect against [ -glucosidase, which indicated
the selectivity of their activities.

Chronic secondary complications are the main cause of morbidity
and mortality in diabetic patients[28]. Structurally different compounds
such as phenols, spirohydantoins, flavonoids, benzopyrans, quinones,
and alkaloids have all been highlighted as having the ability to inhibit
aldehyde and aldose reductases with distinct degrees of efficacy
and specificity[7,10,29]. Sorbinil, alrestatin, tolrestat, statil, ALO1576
and epalrestat are some of those enzymes inhibitors that have been
well-investigated and clinically tested. However, up to date, none of
the available synthetic aldose and aldehyde reductases has proved
clinically effective and in fact some have had severe side effects.
Moreover, in recent times, there is an increased interest to plants
as natural sources of antidiabetic substances, especially because
most of the medicinal plants and medicinal plant products are free
from adverse side effects and are being used as a source of diet or
traditional medicine[24]. The medicinal use of P. umbellatum and
P. americana has a very long tradition. Results of the current study
that show interesting inhibition of aldose and aldehyde reductases
by these extracts could be ascribed among others to benzene
aromatic compounds identified in these extracts. Substances that
can considerably delay or prevent the diabetic complications onset
and development would offer many advantages when involved in
glycemic control. In principle, P. umbellatum and P. americana
extracts may be included in this category. The results of the present
work are a step forward in the developpment of such agents.

This work along with findings strongly provides basis for
developing good alternatives to available synthetic drugs for
glycemic management from P. umbellatum and P. americana.
Further work is still needed for the identification of specific anti-
hyperglycemic constituents in these extracts and evaluation of their
pharmacological potentials.
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