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Abstract

This study validates the antidiabetic efficacy of Enantia chlorantha stem bark and the possible therapeutic implications
of the co-administration of lisinopril and E. chlorantha in type 2 diabetic rats. E. chlorantha stem bark was extracted by
cold maceration. The inhibitory effect of the plant on carbohydrate metabolizing enzymes and its antioxidative potentials
were assessed in vitro. The extract exhibited a-amylase and a-glucosidase inhibitory activities and also showed antiox-
idative properties in vitro. Administration of the extract normalized fasting hyperglycemia in vivo by showing 47.24%
reduction in blood glucose levels relative to untreated diabetic rats. Co-administration of E. chlorantha and lisinopril
restored serum glucose and serum lipid profile levels. E. chlorantha stem bark displayed antidiabetic potentials as com-
pared with a standard antidiabetic drug (metformin). The study also showed that the plant contained some bioactive
compounds which we hypothesize might be responsible for the observed activities. Co-administration of the plant with
lisinopril conferred no significant therapeutic advantage on the serum glucose level and lipid profile.
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1. Introduction

Diabetes mellitus is a chronic metabolic disorder
that affects the metabolism of carbohydrates, fats and pro-
teins. It is characterized by hyperglycemia which can re-
sult from, the pancreas not producing enough insulin or
cells of the body not responding properly to the insulin
produced. Diabetes mellitus can cause long-term compli-
cations such as heart disease, stroke and dysfunction and
failure of various organs.! The three main types of diabe-
tes are type 1, type 2 and gestational diabetes. Both wom-
en and men can develop diabetes at any age. Diabetes is
associated with major abnormalities in fatty acid metabo-
lism.2 The most common lipid pattern in type 2 diabetes
consists of hypertriglyceridemia, low High-Density Lipo-
protein Cholesterol (HDL-C) and normal plasma levels of
Low-Density Lipoprotein Cholesterol (LDL-C).>* Type 2

diabetes is one of the primary threats to human health
due to its increased prevalence and associated complica-
tions.

Many and diverse therapeutic strategies for the treat-
ment of type 2 diabetes are known. The conventional treat-
ments for diabetes include the reduction of the body’s de-
mand for insulin, stimulation of endogenous insulin
secretion, enhancement of the action of insulin at the tar-
get tissues and the inhibition of degradation of oligo and
disaccharides by enzyme inhibitors.>® Currently, met-
formin is considered the initial medication of choice for
hyperglycemia in type 2 diabetes due to its effectiveness.
Metformin is a biguanide class of antihyperglycemic drug
which acts primarily by enhancing the action of insulin in
the liver to reduce the rate of hepatic glucose production,
to decrease glucose absorption and to increase target cell
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insulin sensitivity.” Improvements in insulin action in
skeletal muscle also contribute to the therapeutic actions
of metformin, mainly resulting in increased non-oxidative
glucose disposal.® Together, these actions reduce blood
glucose in the setting of hyperglycemia, with very little po-
tential for inducing hypoglycaemia.” Moreover, the en-
zymes alpha-glycosidase, is responsible for the breakdown
of oligosaccharides, disaccharides and/or polysaccharides
to monosaccharides and a-amylase degrades starch to
more simple sugars (dextrin, maltotriose, maltose and glu-
cose).!? The inhibitory action of these enzymes leads to a
decrease of blood glucose level, because the monosaccha-
rides are the form of carbohydrates which are absorbed
through the mucosal border in the small intestine. Howev-
er, many of the synthetic hypoglycemic agents have their
limitations; are non-specific, produce serious side effects
and fail to alleviate diabetic complications. The main side
effects of these agents are gastrointestinal i.e. bloating, ab-
dominal discomfort, diarrhea, and flatulence.!!

There is need to develop effective, safe and cheap
drugs for diabetes management because of the side effects
associated with the present antidiabetic drugs. Drugs from
medicinal plants are effective, safe and cheap for the man-
agement of diabetes. Many clinical studies have supported
the view that utilization of herbal medicines could be a re-
liable alternative to manage diabetes effectively with little
or no adverse effect.!>!?

Enantia chlorantha belongs to Annonaceae family.
This plant is commonly known as African yellow wood.
Among the Yoruba in Nigeria it is known as Awopa.'* In
traditional medicine, this plant has been used for a long
time in many parts of the African continent to treat vari-
ous ailments of the human body. Many of these uses are
supported by several studies.!>~!8 For example, it was re-
ported that a decoction of 500 g of stem bark in 3 1 of water
for 20 min may be used to treat malaria symptoms, aches,
wounds, boils, vomiting, yellow fever, chills, sore, spleen in
children and hepatitis.'>

Lisinopril is an oral long-acting angiotensin convert-
ing enzyme (ACE) inhibitor. ACE inhibitors (ACE-Is) are
a family of drugs commonly prescribed to combat hyper-
tension. The primary vasodilatory action of ACE-Is is the
blockage of ACE and thus preventing the formation of an-
giotensin I1.!° With long-term administration, ACEIs low-
er blood pressure, even in patients with low renin hyper-
tension. This thus suggests that effect of lisinopril may be
independent of a decrease in angiotensin II. The appropri-
ate blood pressure control in diabetes trial found that dia-
betic patients treated with ACE-Is had lower incidence of
myocardial infarction (MI) and overall cardiac events.
ACE-Is have been used for years to reduce the rate of dia-
betic nephropathy progression in patients with type 2 dia-
betes.!? Thus, this drug may be efficacious in treatment of
patients with type 2 diabetes.

Herb-Drug interactions (HDIs) are either pharma-
codynamic (PD) or pharmacokinetic (PK) in nature. For

the former, this occurs when co-administered substances
enhance or negate each other’s effects as a result of similar
or disparate pharmacological activities, respectively.2
Such interactions may render the drug less effective or
change its activity and producing adverse effect. PK inter-
actions on the other hand arise from the ability of the sub-
stance to modulate the absorption, distribution, metabo-
lism and/or excretion (ADME) of the drug.?°

Despite the fact that E. chlorantha is commonly used
among the local communities in Nigeria in the manage-
ment of diabetes, scientific data in support of this local
medicinal use in diabetes is lacking in the literatures.
Moreover, whereas, the general practice in the manage-
ment of diabetes in Nigeria is to combine the use of antidi-
abetic and antihypertensive agents, no study has reported
on the therapeutic implications of combining E. chloran-
tha with any hypertensive agent. In view of the foregoing,
the present study investigates the anti-diabetic properties
of E. chlorantha stem bark extract and the thermodynamic
implications of its co-administration with lisinopril. In ad-
dition, the study investigated the phytochemical constitu-
ents of the plant to identify the bioactive components that
may be responsible for the pharmacological antidiabetic
properties and the possible mechanism for its pharmaco-
logical action.

2. Materials and Methods

2. 1. Materials

Streptozocin was a product of Sigma-Aldrich, USA.
Metformin (Glucophage 500 mg) was manufactured by
Merck Santé, France and Lisiofil (Lisinopril 5 mg) was
manufactured by Fourrts India Laboratories Pvt Ltd., In-
dia. All the reagent kits used for bioassay were sourced
from Randox Laboratories Ltd., Crumlin, UK. All other
chemicals were of analytical grade.

2. 2. Methods

2. 2. 1. Plant Collection, Identification and Crude
Extract Preparation

The stem bark of E. chlorantha was collected in June
2018. The plant sample was identified and authenticated
and a voucher number UIH/001/1356 was assigned.
Thereafter, a sample specimen was deposited at the herbar-
ium of the University of Ilorin, Ilorin, Nigeria. The stem
bark was cleaned to remove adhering dirt, air-dried for
two weeks and ground into powder using an electric
blender. Extraction was carried out by cold maceration of
800 g of the coarse powder with 5 L of 70% ethanol for 72
h, with constant shaking. The resultant mixture was fil-
tered using Whatman filter paper (No.1) and the filtrate
was concentrated using a rotary evaporator at 40 °C. The
extract was weighed, and the final yield was 12.5%. The
dried extract was finally reconstituted in distilled water for
use in the study.
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2. 2. 2. Qualitative and Quantitative
Phytochemical Screening

Qualitative phytochemical analysis of the extract was
carried out using the method previously described?! to
identify phytochemicals while quantitative phytochemical
screening was carried out using different method previ-
ously described, for saponins,?? tannins,?? alkaloids?* and
flavonoids.?

2. 3. Antioxidant Assay

2. 3. 1. 1,1-Diphenyl-2-picryl-hydrazyl Radical
Inhibition

The method previously described?® was used to eval-
uate the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical
scavenging potential of the extract. One (1) ml of different
concentrations (0.2-1.0 mg/ml) of the extract or vitamin C
(reference) were added to 1 ml of 0.2 mM methanolic solu-
tion of DPPH. Similarly, sterile distilled water (1 ml) was
mixed with an aliquot (1 ml) of 0.2 mM methanolic DPPH
and used as control. Following incubation (30 min, 25 °C)
in each case, the absorbance was read against blank at 516
nm using a spectrophotometer (Beckman, DU 7400,
USA). The inhibitory effect (1%) of EOAE on DPPH radi-
cal was estimated as follow:

A control- A test

Inhibitory effect (1%) = — ——

X 100 (1)

where A control is the absorbance of the control and A test
is the absorbance of the test sample. Thereafter, the concen-
tration of the extract eliciting 50% inhibitory (ICs,) effect on
the DPPH radical was calculated from a standard curve.

2. 3. 2. Hydrogen Peroxide Inhibition

This was estimated using the adapted method previ-
ously described.?” Briefly 0.6 ml of 40 mM H,0, was mixed
with 3.4 ml of phosphate-buffered (pH 7.4) solution (0.2
1.0 mg/ml) concentrations of either the extract or vitamin
C and incubated at 25 °C for 10 min. Sterile distilled water
replaced the extract for the control sample. The absorbance
was read spectrophotometrically at 230 nm. The H,0, in-
hibitory potential of the extract was calculated as follow:

Atest- A sample

% H20: scavenged = X 100 (2)

A conrtrol

Where, A control is the absorbance of the control; A
test and A sample represent the absorbance of the mixture
with the extract and that of the extract alone, respectively.
The ICs, value was estimated from the standard curve.

2. 3. 3. Hydroxyl Radical (OH’) Inhibition
The OH’ inhibitory effect of the extract was deter-
mined as previously described.?® In brief, 2 ml at 0.2-1.0

mg/ml of the extract or vitamin C (reference) were mixed
with 0.6 ml of ferrous sulfate (8 mM), 0.5 ml of H,0O, (20
mM), and 2 ml of salicylic acid (3 mM). After 30 min of
incubation (37 °C), distilled water (0.9 ml) was added and
the resulting mixture centrifuged (Beckman and Hirsch,
Burlington, IO, USA) at 4472 g for 10 min. For the control,
sterile distilled water was used. The absorbance was read at
510 nm, and the ICs, value was calculated subsequent to
determination of inhibitory capacity of the extract against
OH’ using the expression:

9% hydroxyl radical scavenged =
A test - A sample (3)

= A control #1400

Where, A control, A test, and A sample represent the
absorbance of the control, mixture with the extract, and
that of the extract alone, respectively.

2. 3. 4. Reducing Power Activity

The reducing power of extract was determined by
previously described method.?” One (1) ml of extracts or
gallic acid (reference) was mixed with 2.5 ml of phosphate
buffer (200 mM, pH 6.6) and 2.5 ml of 1% potassium ferri-
cyanide. The mixtures were incubated for 20 min at 50 °C.
After incubation, 2.5 ml of 10% trichloroacetic acid were
added to the mixtures, followed by centrifugation at 4000
rpm for 10 min. The upper layer (5 ml) was mixed with 5
ml of distilled water and 1 ml of 0.1% ferric chloride and
the absorbance of the resultant solution were measured at
700 nm.

2. 4. In vitro Carbohydrate-Metabolizing
Enzymes’ Inhibitory Assay

2. 4. 1. Alpha-Amylase Inhibition Assay

The alpha amylase inhibitory assay was performed as
previously described method.*® Briefly, concentrations
(50-200 mg/ml) of the extract or acarbose (standard) were
prepared and 50 pl of the extract or acarbose was added to
500 ul of 20 mM sodium phosphate buffer (pH, 6.9, with 6
mM NaCl) containing porcine pancreatic alpha-amylase
(0.5 mg/ml) and incubated at 25 °C for 10 min. One unit
of the enzyme will liberate 1.0 mg of maltose from starch
in 3 min. Then, 500 pl of 1% starch solution in 20 mM so-
dium phosphate buffer (pH 6.9, with 6 mM NaCl) was
added to each tube. The reaction mixture was incubated at
25 °C for 10 min and stopped with 1.0 ml of 3,5-dinitrosa-
licylic acid colour reagent. Thereafter, the mixture was in-
cubated in a boiling water bath for 5 min and cooled to
room temperature. The reaction mixture was then diluted
by adding 10 ml of distilled water, and absorbance was
measured at 540 nm. The control experiment was per-
formed without the test sample, and the a-amylase inhibi-
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tory activity was expressed as percentage inhibition using
the following equation:

AA AA
extract X 100 (4)

control

% Inhibition =
nhibition A

control

Where AA o and AA o are the respective
changes in absorbance of the extract sample and control.
The ICs, of the extract against a-amylase activity was
thereafter calculated from a standard calibration plot.

2. 4. 2. Alpha-Glucosidase Inhibition Assay

The assay was performed as previously described.?!
Briefly, known concentrations (50-200 mg/ml) of the ex-
tract or acarbose (standard) were prepared and 50 ul of the
extract or acarbose was added to 100 pl of alpha-glucosi-
dase solution (1.0 U/ml) in 0.1 M phosphate buffer (pH,
6.9) and incubated at 25 °C for 10 min. One unit of the
enzyme will liberate 1.0 umol of D-glucose from p-nitro-
phenyl-a-D-glucoside per min. Then, 50 ul of 5 mM p-ni-
trophenyl-a-D-glucopyranoside solution in 0.1M phos-
phate buffer (pH 6.9) was added. The mixture was
incubated at 25 °C for 5 min, and the absorbance was mea-
sured at 405 nm. The control experiment was performed
without the test sample, and the a-glucosidase inhibitory
activity was expressed as percentage inhibition using the
following equation:

AA o L7 O

zontrol

Inhibiti =
% Inhibition P

x 100 (5)

control

Where AA ot and AA niro1 are the respective
changes in absorbance of the extract sample and control.
The ICs of the extract against a- glucosidase activity was
thereafter calculated from a standard calibration plot.

2. 5. Experimental Protocols

2. 5. 1. Experimental Animals

The experiment was carried out on healthy for-
ty-nine (49) male Wistar rats of about 10-12 weeks old
and weighing an average of 169 + 6 g. The rats were housed
in metallic cages at the animal house. The rats were accli-
matized for fourteen days and fed with commercial diets
and water ad libitum. They were all maintained at 25 £ 2 °C
light and dark cycle of 12/12 hr, respectively.

2. 5. 2. Induction of Diabetes

Type 2 diabetes was induced by the previously de-
scribed method.* The rats were first fed 15% fructose
solution (w/v) for four weeks, after which they were fasted
overnight and thereafter administered streptozotocin (40
mg/kg i.p.) freshly prepared in 0.1 M sodium citrate buffer.
The diabetic state was confirmed 72 h after streptozotocin

injection. Specifically, rats having fasting blood glucose
levels greater than 200 mg/dl were considered diabetic.

2. 5. 3. Animal Grouping/Administration

Forty-two (42) diabetic male Wistar rats were divid-
ed into six (6) groups consisting of seven (7) rats each: Di-
abetic groups consisted of DC - Diabetic Control group;
treatment groups (T1 - E. chlorantha (200 mg/kg b.w.), T2
- Metformin (7.14 mg/kg b.w.), T3 - E. chlorantha + lisino-
pril (200 mg/kg b.w. and 0.14 mg/kg b.w. respectively), T4
- Metformin + lisinopril (7.14 mg/kg b.w. and 0.14 mg/kg
b.w. respectively) and T5 - lisinopril (0.14 mg/kg b.w.))
and another seven (7) non-diabetic male rats acted as the
Normal control group. All administrations were carried
out orally as a single dose daily for four weeks using a ga-
vage needle. The rats were housed in cages in the Depart-
ment Animal Facility Center maintained at 25 + 2 °C light
and dark cycles of 12/12 hr. The chosen dose of the extract
and the route of administration were informed by both the
results of our ethnobotanical survey on the use of the plant
in the management of diabetic and the reported minimum
effective (ME) and maximum safe (MS) dose of the
plant.?334 The rats were maintained in accordance with the
principles of laboratory animal care guidelines.>> The
weight of the rats was determined every week throughout
the experiment period. The experiment was designed ac-
cording to the Department Animal Ethics Committee
guidelines and approval certificate (KSUMB/005/01/013)
was given.

2. 5. 4. Monitoring of Blood Glucose Level during
Treatment

All blood samples for monitoring of blood glucose
level in situ were taken from the tail vein of the rats using
24 gauge needles at intervals of 0, 5, 10, and 15 days. Blood
glucose levels were determined by the glucose oxidase
method using reactive strips and a single touch glucome-
ter (Accu-Chek Active, Roche Diagnostics, Mannheim,
Germany). Results were recorded in mg/dl. Percentage re-
duction in fasting blood glucose was calculated as:

0% Reduction of FBS =

(6)

__Initial value - Final value

100

Initial value

2. 6. Biochemical Assay

Twenty-four hours after the last treatment, under
mild diethylether anesthesia, the animals were sacrificed,
and blood was obtained via jugular puncture and serum
was obtained by centrifugation. Isolated serum was ana-
lyzed for total cholesterol, HDL- cholesterol (HDL-C),
LDL-cholesterol (LDL-C) and total glycerides (T'G) colori-
metrically using Randox diagnostic kits.
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2. 7. Data Analysis

All data were presented as mean + standard error of
mean (S.E.M) of seven replicates. One-way analysis of
variance (ANOVA) using SPSS software package for win-
dows (Version 16) for differences between means was used
to detect differences between the treatment groups (a <
0.05) followed by the Tukey post hoc test using R statistical
software.

3. Results and Discussion

3. 1. Screening and Detection of
Phytoconstituents

E. chlorantha stem bark gave positive results for
some major constituents; alkaloids, saponins, flavonoids,
coumarins, anthocyanins and phenolics (Table 1). Ter-
penes, terpenoids, steroids and glycosides were not detect-
ed. The Table also showed that flavonoid concentration
was the highest (114.92 + 0.36 mg/kg) while saponin con-
centration was the lowest (40.50 + 0.71 mg/kg).

3. 2. Antioxidant Assay

Presented in Table 2 and Table 3 are the results of the
in vitro antioxidant assay of the stem bark extract of E.
chlorantha. The extract showed a significant inhibition of

DPPH radical with an ICs, of 62 mg/ml. The extract also
showed a strong scavenging capacity of H,0, and OH". In
addition, the extract demonstrated Ferric Reducing Anti-

oxidant Power (FRAP).

Table 2. % DPPH (2,2-diphenyl-1-picrylhydrazyl) inhibition of E.

chlorantha extract

Concentration E. Chlorantha Vitamin C
(mg/ml) (%) (%)
20 31.781 + 0.085* 35.474 + 0.969*
40 61.791 £ 0.0402 67.540 + 0.085*
60 62.025 + 0.0642 70.590 + 0.180?
80 69.990 + 0.0002 80.720 + 0.270°
100 79.850 + 0.085* 90.590 + 0.200°

Data are presented as mean + SEM of 3 replicates. Value on the same
row with similar superscripts are not significantly (P>0.05) different
from each other.

3. 3. Effect of Treatment with E. chlorantha on
Blood Glucose and Total Body Weight

Figure 1 is the result of the effect of treatment on the
body weight changes. There was no significant difference
in the body weight of all the rats between the groups before
treatment. Body weights of rats in diabetic control group
were observed to be lower than those in other groups after
the treatment period.

Table 1. Qualitative and quantitative phytochemical screening of E. chlorantha

Phytochemical Reagent used Observations Result Concentrations
group (mg/kg)
Alkaloids Wagner’s reagent A reddish-brown precipitate + 82.12 £0.02
Triterpenes Acetic anhydride No blue green colour - ND
Glycosides Fehling’s solution No brick red precipitate - ND
Saponins Frothing test Frothing precipitate + 40.50 +0.71
Tannins KOH No dirty white precipitate - ND
Phlobatannin HCI Absence of red precipitate - ND
Steroids Salakowsti test No red colouration - ND
Flavonoids Ferric chloride Yellow colour after HCI + 114.9240.36
Coumarin + ND
Anthocyanins + ND
Terpenoids Liberman Burchard No reddish-brown boundary - ND
Phenolics FeCly A greenish precipitate + ND

+ = detected, - = not detected; ND = not determined

Table 3. Percentage OH", H,0, and FRAP Scavenging Activity of E. chlorantha Extract

Agent OH' (%) H,0, (%) FRAP (%)

E. chlorantha
Reference

102.650 + 0.939%
118.727 + 0.000?

42.347 + 3.002?
67.364 + 0.000°

148.240 = 6.912*
168.273 + 0.000*

Data are presented as mean + SEM of 3 replicates. Value on the same row with similar superscripts
are not significantly (P > 0.05) different from each other.
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Fig. 1. Effect of treatment on Total Body Weight of Rats. NC - nor-
mal control group, DM - diabetic control group, T1 - E. chlorantha
treated group, T2 - Metformin treated group, T3 - E. chlorantha +
lisinopril treated group, T4 - Metformin + lisinopril treated group
and T5 - Lisinopril treated group.

Table 4 presents the result of the fasting blood glu-
cose level. Fructose -STZ administration exhibited a signif-
icant increase in fasting blood glucose (235.80 + 18.94 mg/
dl) as compared to the normal control group (95.12 + 0.45
mg/dl). Before the commencement of treatment (Day 0),
the blood glucose levels of all the treatment groups were
not different from that of the diabetic non treated group.

Table 4. Effect of treatments on fasting blood glucose levels

On day 5, the fasting blood glucose of the E. chlorantha
treated rat (183.6 + 9.31 mg/dl) was observed to be signifi-
cantly lower than that of the diabetic untreated group
(299.20 * 6.46 mg/dl). Similar results were obtained in the
rats co -treated with E. chlorantha and lisinopril and the
group treated with lisinopril only. At day 15, the blood glu-
cose levels of all the treatment groups were observed not to
be significantly different from each other but were signifi-
cantly lower than that of the diabetic untreated group.
They were also observed to be significantly higher than
that of the normal control group (96.53 + 0.73 mg/dl).

The results also showed that the highest percentage
reduction in blood glucose after 15" day of treatment rel-
ative to day 0 was observed in the group co-treated with
metformin and lisinopril (60.64%). This was followed by
the group co-treated with the E. chlorantha and lisinopril
(52.70%). The percentage glucose reduction of the group
treated with E. chlorantha alone was 47.24. There was no
reduction in the glucose level of the normal and diabetic
control groups.

Table 5 shows the inhibitory potential of E. chloran-
tha extract on the specific activities of a-amylase and al-
pha-glycosidase. The result revealed a dose-related inhibi-
tory effect. The alpha-amylase ICs, values for E. chlorantha
extract and acarbose were 90 and 65 mg/ml, respectively.
The Table also showed an alpha-glucosidase ICs, of 145
and 125 mg/ml for the extract and acarbose respectively

Fasting Blood glucose level (mg/dl)

Group Treatment Day 0 Day 5 Day10 Day 15 Total %
reduction

Control Distilled water 95.12 + 0.45% 95.56 + 0.56% 95.08 + 0.62% 96.53 + 0.73% -
Diabetic STZ-fructose + distilled 294.00 + 2.31° 299.20 + 6.46°  300.80 £ 6.67°  301.60 + 6.93" -
control water

T1 Extract 235.80 + 18.94° 183.6 £ 9.31¢ 135.80 £ 5.60°  124.40 + 2.35¢ 47.24%
T2 Metformin 305.40 + 21.55P 287.60 +2.54>  207.00 £ 8.25¢  152.80 + 5.83¢ 50.09%
T3 Extract + Lisinopril 272.80 + 11.56P 200.60 +3.26° 15140 +6.12°  129.60 + 2.08¢ 52.70%
T4 Metformin + lisinopril 271.80 + 18.33P 268.60 £9.60°  182.60 +6.14¢  146.80 + 8.09° 60.64%
T5 Lisinopril only 248.33 + 14.52° 199.83 +9.06°  171.00 + 4.80¢  151.00 + 7.55¢ 39.10%

Data are presented as mean + SEM of 7 determinations. Values in the same column with the same superscripts are not significantly (P > 0.05) differ-

ent from each other.

Table 5. Inhibitory potential of E. chlorantha ethanolic extract on the activity of a amylase and a

glucosidase (n = 3, mean + SD).

Concentrations % Inhibition
(mg/ml) a- Amylase a- Glucosidase
Acarbose E. chlorantha Acarbose E. chlorantha
50 32.87 = 3.00 4452 + 541 20.72 £0.18 18.67 £ 0.06
100 54.11 £4.01 60.89 £ 0.24 31.32+£0.25 3496 +£1.01
150 62.35+2.91 74.22 +£2.13* 54.70 £ 4.13 64.96 + 3.09
200 67.21 £0.79 84.44 +2.14* 73.42 +£0.13 87.93 + 2.04*
1Csq 65.00 90.00* 125.00 145.00*

Data are presented as mean + SEM of 3 replicates. *indicates that value differ significantly (P < 0.05)

from the respective reference (acarbose).
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3. 4. Effect of Treatment on Serum Lipid
Profile

The effect of treatments on serum lipid profile (Table
6) showed a significant increase in serum total cholesterol,
total glycerides and LDL-C level and a decrease in the se-
rum HDL-C level in the diabetic group when compared
with the control group. Treatment with the extract restored
the serum lipid levels. The serum levels of the lipids ob-
tained in the rats treated with the extract alone were not
significantly different from those of the diabetic rats treat-
ed with metformin but were different from diabetic rats
treated with the metformin and lisinopril and the rats
co-treated with the extract and lisinopril. The Table also
showed that the concentration obtained in the diabetic rats
treated with lisinopril alone was different from that of the
control group and that of the diabetic control group.

3. 5. Discussion

The currently available drugs for management of di-
abetes mellitus have certain drawbacks and therefore,
there is a need to find safer and more effective antidiabetic
drugs. Result from this study indicates that E. chlorantha
stem bark extract is efficacious as an antidiabetic agent in
rats and that the efficacy of the extract was not significant-
ly altered when E. chlorantha was co-administered with
lisinopril suggesting that combined administration of the
plant with lisinopril does not increase its therapeutic indi-
cations.

Medicinal plants received much attention due to
presence of important bioactive secondary metabolites
such as phenolics. Result of our phytochemical screening
showed that E. chlorantha stem bark consist of a large pro-
portion of phytochemicals which may play a role as antidi-
abetic. We reported in this study, that the bioactive com-
pounds contained in the stem bark of the plant belong to
the group of alkaloids, saponins, flavonoids, coumarins,
anthocyanin and phenolics. The flavonoids were detected
to be of highest concentration. Similar studies have also
reported the presence of saponins, flavonoids, alkaloids
and phenols in aqueous extract of E. chlorantha.’” Howev-
er, it was reported that alkaloids had the highest content

Table 6. Effect of treatments on serum lipid profiles

(46.26%).>” These phytochemicals could act in a number
of potential mechanisms to show their antidiabetic activi-
ties. Some of the potential mechanisms include increase in
insulin secretion and action, decreases in hepatic glucose
output, regulation of certain enzymes involved in carbohy-
drate metabolism i.e. a-amylase and a-glucosidase, modu-
lation of certain regulation molecules such as PPARy (Per-
oxisome Proliferator Activated Receptor-y), hypolipidemic
activities, antioxidant effects, enhancement of the expres-
sion of glucose transporters etc.383%40

Both flavonoids and alkaloids had been widely im-
plicated in antidiabetic properties of plants. It was noted
that some alkaloids e.g. nuciferine promotes glucose stim-
ulated insulin secretion in rats’ pancreatic islets, probably
via a pathway involving hepatic nuclear factor 4a or by
closing potassium-adenosine triphosphate channels.*!
Some alkaloids (i.e. mescaline, pyrrole, pyridine, tropane,
aporphine, and quercetin) have been reported to have an-
tioxidant and antimicrobial properties.**** Studies on the
antidiabetic potential of flavonoids from plants showed
that flavonoids regenerate pancreatic islets and increase
insulin secretion in streptozotocin (STZ)-induced diabetic
rats.** It also stimulates insulin release and enhance glu-
cose uptake from isolated islet cells.*>

Streptozotocin (STZ)-fructose type 2 diabetes model
shares a number of features with human type 2 diabetes
mellitus (TDM2) both histologically and metabolically
and is characterized by moderate stable hyperglycemia.¢47
This is why in this study, STZ-fructose induced diabetes
model was used. Streptozotocin injection caused P cells
degeneration in rats, resulting in decrease in the release of
insulin by the pancreas. Furthermore, high fructose inges-
tion causes insulin resistance (IR). This contributes nega-
tively to blood glucose homeostasis thereby inducing hy-
perinsulinemia which predispose to type 2 diabetes. Result
of fasting blood glucose of > 200 mg/dl obtained in this
study following STZ-fructose administration confirms in-
duction of type 2 diabetes. This is similar to report from
previous findings.484%50

Our study also showed that changes in body weight
of fructose-streptozotocin-induced diabetes is associated
with characteristic loss of body weight. This we hypothe-
sized may due to increased muscle wasting and possibly

Group Treatment LDL-C (mg/dl) HDL-C(mg/dl) TG (mg/dl) TC (mg/dl)
Control Distilled water 1.26 + 0.022 1.26 + 0.820 0.78 + 0.82? 0.87 £ 0.97°
Model STZ-fructose + distilled water 6.09 + 0.95¢ 0.56 + 0.072 1.50 + 0.47° 1.66 + 0.48P
T1 Extract 2.08 +0.41% 0.97 + 0.40° 0.89 + 0.50? 0.98 + 0.09°
T2 Metformin 2.83 +0.06% 1.10 + 0.63> 0.93 + 0.29° 1.06 + 0.79°
T3 Extract + Lisinopril 1.73 + 1.002 1.07 + 0.55P 0.77 £ 0.93% 0.85 + 0.16°
T4 Metformin + lisinopril 2.36 +0.712 1.18 +0.70b 0.81 +0.03* 0.96 + 0.30°
T5 Lisinopril only 3.08 + 0.56° 0.97 +0.17° 1.07 £ 0.20? 1.08 £ 0.91°

Data are presented as mean + SEM of 7 determinations. Values in the same column with the same superscripts are not significantly different (p >

0.05) from each other.
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loss of tissue proteins which is similar to the previous ob-
servations.’®! As expected in the diabetic control group,
the body weight of rats was progressively reduced whereas,
in all the E. chlorantha treated rats and those co-adminis-
tered with lisinopril there was a progressive improvement
in the body weight. This indicates that treatment prevent-
ed muscle tissue damage associated with hyperglycemic
condition.

In the management of diabetes mellitus, alpha-gluco-
sidase and alpha-amylase enzymes represent the most cru-
cial of the pharmacological targets.’>> These enzymes fa-
cilitate hydrolysis of starch to glucose with consequential
increase in the systemic concentration of glucose. Hence,
the inhibition of these enzymes activities delays glucose ab-
sorption and moderates postprandial blood sugar level.>?
In this study, the in vitro alpha-amylase inhibitory activities
of the ethanol extract of E. chlorantha were investigated.
The extract (50-200 mg/ml) exhibited potent a-amylase
inhibitory activity in a dose dependent manner. This was
similar to what was obtained with acarbose. The ICs, ob-
tained with acarbose was lower than that of E. chlorantha
extract. Furthermore, the alpha-glycosidase inhibitory as-
say of the ethanolic extract of E. chlorantha stem bark re-
vealed a significant inhibitory action of alpha-glucosidase
enzyme. The percentage inhibition at 50-200 mg/ml con-
centrations of E. chlorantha extract also showed a dose de-
pendent increase with an ICs, of 145 mg/ml. Similarly,
acarbose showed alpha-glucosidase inhibitory activity with
an ICs, value of 125 mg/ml. The result indicates that the
ethanolic extract of E. chlorantha is a potent alpha-amylase
and alpha-glucosidase inhibitor similar to acarbose. Previ-
ous reports had noted that alpha-amylase and alpha-gluco-
sidase are the main pharmacological targets in the manage-
ment of diabetes.>? These enzymes facilitate hydrolysis of
starch to glucose with consequential increase in the sys-
temic concentration of glucose in diabetes. This increased
hyperglycemia may constitute a significant risk factor for
diabetic complications. Our study suggests that E. chloran-
tha stem bark may be used as starch blockers indicating
that the plant may prevent or slow the absorption of starch
in to the body mainly by blocking the hydrolysis of 1,4-gly-
cosidic linkages of starch and other oligosaccharides into
maltose, maltriose and other simple sugars. Administra-
tion of E. chlorantha stem bark extract to diabetic rats
caused significant reduction of blood glucose level com-
pared to the control and diabetic untreated group.

Many previous studies have provided evidence that
oxidative stress resulting from increased reactive oxygen
species (ROS) is a key factor in the pathogenesis of diabe-
tes.”>* Our study showed that E. chlorantha elicited
marked antioxidant potentials suggesting that the plant
has the capacity to regulate or stall free radicals chain reac-
tions associated with diabetes complications, which is in
agreement with previous report.>® Natural products are
the major source of antioxidants which delay the develop-
ment of diabetes.*

The role of dyslipidemia in the development of dia-
betes macrovascular complications has been reported.!**
In this study, the STZ-fructose model of type 2 diabetes
exhibited abnormalities in lipid metabolism as evidenced
by the significant elevation of serum TC, TG, LDL-C and
reduction of HDL-C levels. A previous study reported that
treatment with metformin significantly reduced the TC,
TG, LDL-C level and increased HDL-C levels in diabetic
rats.> The extract was shown to improve the condition of
diabetic mellitus as indicated by the lipid profile moni-
tored in the study, thus showing its good antidiabetic ac-
tivity in STZ-fructose-induced hyperglycemic rats. Lisino-
pril, an angiotensin converting enzyme inhibitor (ACE-I)
acts by preventing the formation of Ang II, which has also
been implicated in insulin resistance by inhibiting insulin
receptor dependent PI3K signaling.>® Therefore, the block-
ade of this substance is important in affecting insulin sen-
sitivity. The co-administration of lisinopril and the extract
did not show any difference from that achieved with the
extract alone. Serum total cholesterol, LDL cholesterol and
triglycerides decreased in all the treated groups when
compared with the model group. No significant difference
was however observed in all these parameters when com-
pared among the treatment groups. Serum HDL cholester-
ol was also observed to increase in all treatment groups
compared with the model group, but no difference was
observed when compared among the treatment groups. In
previous study, inhibitors of the renin angiotensin system,
such as angiotensin converting enzyme (ACE) inhibitors
was reported to ameliorate the lipid abnormalities to a
substantial extent.>’

4. Conclusion

The use of E. chlorantha in the management of diabe-
tes is a common practice among some local communities
in Nigeria. Data obtained from this study indicates that E.
chlorantha is efficacious as antidiabetic agent and that
combined administration of E. chlorantha and lisinopril
does not in any way influence the efficacy of E. chlorantha
stem bark as an antidiabetic agent. The study identified
phytoconstituents belonging to the phenolics, flavonoids,
saponins and alkaloids as some of the bioactive com-
pounds which may be responsible for this pharmacologi-
cal property. Study has just been concluded in our labora-
tory to evaluate the toxicological implication of the
combined administration of these agents.>®

Abbreviations
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Ta $tudija potrjuje protidiabeti¢no u¢inkovanje lubja Enantia chlorantha in morebitne terapevtske posledice socasne
uporabe lizinoprila in E. chlorantha pri podganah s sladkorno boleznijo tipa 2. Lubje E. chlorantha je bilo ekstrahirano
s hladno maceracijo. Inhibitorni ucinek rastline na encime, ki presnavljajo ogljikove hidrate, in njene antioksidativne
potenciale so bili ovrednoteni in vitro. Ekstrakt je izkazoval inhibitorno delovanje na a-amilazo in a-glukozidazo ter
antioksidativne lastnosti in vitro. Aplikacija ekstrakta in vivo je normalizirala hiperglikemijo na tesce, tako da je znizala
raven glukoze v krvi v primerjavi z nezdravljenimi diabeti¢nimi podganami za 47,24 %. So¢asna uporaba E. chlorantha in
lizinoprila je normalizirala nivo glukoze v serumu in nivo serumskega lipidnega profila. Lubje E. chlorantha je pokazalo
antidiabeti¢ni potencial v primerjavi s standardnim antidiabetikom (metformin). Studija je pokazala tudi, da je rastlina
vsebovala nekatere bioaktivne spojine, za katere domnevamo, da bi lahko bile odgovorne za opazene ucinke. Soc¢asna
uporaba rastline z lizinoprilom ni prinesla pomembnega terapevtskega izbolj$anja ravni glukoze v serumu in lipidnega

profila.
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