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ABSTRACT

Objective: This study was conducted to scientifically evaluate the antidiabetic and antioxidant effects of ethanolic leaf extract of Erythrina abbysinica
(EEA).

Methods: Acute and sub-chronic effects of EEA at 100, 200, and 400 mg/kg/bwt and glibenclamide (GL) at 5 mg/kg/bwt. were evaluated in both
normal and streptozotocin (STZ)-induced diabetic male Wistar rats (250-300 g). The acute studies were performed using oral glucose tolerance test
(OGTT). In sub-chronic studies, animals were orally administered with EEA and GL daily for 6 w. Brine shrimp assay was used to determine the toxicity
of EEA. 1, 1-diphenyl-2-picrylhydrazyl, ferric reducing capacity of plasma, and thiobarbituric acid reactive substances assays were used to determine
antioxidant properties of EEA.

Results: Following OGTT, EEA significantly (p<0.05) and dose-dependently (100, 200, and 400 mg/kg/bwt) decreased blood glucose levels in both
normal and STZ-induced diabetic rats when compared with positive and negative control counterparts at all-time points, whereas GL significantly
(p<0.05) decreased blood glucose only in normal rats but not in diabetic rats. Daily, oral administration of EEA for 6 w significantly (p<0.05) and dose-
dependently (100, 200, and 400 mg/kg/bwt) decreased blood glucose levels in STZ-induced diabetic rats when compared with the diabetic control
group. EEA revealed weak toxicity with a lethal concentration, value of 997 pg/ml). Furthermore, EEA showed significant free radical scavenging,
total antioxidant, and anti-lipid peroxidative capacities.

Conclusion: The study has shed more light on the scientific basis for the use of E. abbysinica in management of diabetes in some communities of

Eastern Cape of South Africa.
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INTRODUCTION

Diabetes mellitus is a noncommunicable disease and is considered to be
one of the five leading causes of death worldwide [1]. Diabetes mellitus
describes a group of chronic metabolic disorders characterized by
persistent hyperglycemia and glucose intolerance, and is due to insulin
deficit, resistance or to a combination of these two [2]. The world has
experienced a dramatic increase in the prevalence of diabetes mellitus
among all age groups. For instance, it was estimated that over 387
million of the world’s population is affected by diabetes and this figure
is projected to increase to 552 million by the year 2030 [3]. In Sub-
Saharan Africa, it was estimated that 12.1 million people were living
with diabetes mellitus in 2010, and this figure is projected to increase
to 23.9 million by 2030 [4]. This steady increase in the prevalence of
diabetesislargely attributable to urbanization with increased associated
changes in lifestyle risk factor levels such as sedentary lifestyle, obesity,
smoking, excessive intake of alcohol and unhealthy diets [5]. Diabetes
causes significant morbidity and mortality due to complications thatare
associated with this disease. Diabetic-related morbidity and mortality
are caused by microvascular (peripheral neuropathy retinopathy and
nephropathy) and macrovascular (atherosclerosis and myocardial
infarction) disorders [6]. It is, therefore, clear that diabetes continues
to present a major challenge to health-care systems worldwide.

Much emphasis on diabetes mellitus care and management is on optimal
blood glucose control, and this is fundamental to delaying its progression
and averting adverse metabolic outcomes [7]. Massive efforts have been

made during the past decades to combat this predicament by identifying
drugs that can treat this disease and promoting some non-pharmacological
treatments such as lifestyle modification. However, despite the
technological and scientific advances made toward the treatment of
diabetes, the challenge remains overwhelming, as some of the available
synthetic remedies have adverse side effects such as causing hypoglycemia
at higher doses, liver problems, lactic acidosis, and diarrhea while some
are beyond the reach of the poor communities due to high costs [8-10].
In addition, there are relatively high levels of nonadherence in all areas
of non-pharmacological treatments, since this usually requires changes
in the patient’s daily lifestyle [11]. Alternative methods of lowering blood
glucose are, therefore, urgently needed. Medicinal plants with antidiabetic
properties play an important role in the management of diabetes mellitus
by delaying the development of complications associated with diabetes
and also by correcting metabolic abnormalities [12]. Traditional herbal
remedies have been used and continue to be areliable source of treatment of
diabetes worldwide, and many scientific studies have reported the benefits
of traditional medicinal plants with anti-hyperglycemic properties [13-15].
Moreover, some of the newly discovered bioactive drugs derived from anti-
hyperglycemic plants have revealed to be more potent than conventional
oral hypoglycemic agents [16]. There is, therefore, a need to intensify
the search for more affordable and effective classes of compounds from
medicinal plants with little or no adverse effects.

E. abbysinica (Ea) is one of the most popularly and commonly used
medicinal plants in the traditional medicine by several communities
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in the management of many diseases including diabetes mellitus. Ea is
a flowering plant belonging to the genus Erythrina in the pea family,
Fabaceae. Ea is common and native to South Africa, especially in the
Eastern Cape. The plant grows in wooded grassland as well as open-
wooded and rocky hillsides at an altitude between 800 and 1750 m and
flowers between the month of July and October [17].

Several biological activities of this plant have been reported. For
instance, extracts obtained from this plant are used for the treatment of
several diseases such as meningitis, malaria, allergy [18] elephantiasis,
trachoma, syphilis, burns, and swellings [19]. Despite its long traditional
use in diabetes, there is very little scientific information regarding its
potential antidiabetic properties. One isolated study reported the blood
glucose-lowering effect of aqueous stem-bark extract of Ea in alloxan-
induced diabetic mice and the phytochemical studies of this aqueous
stem bark extract revealed the presence of saponins, flavanols, flavones,
flavonoids, chalcones, and tannins, which may be responsible for the
antihyperglycemic effect of this plant [20]. However, the antidiabetic
activity of the leafy parts of Ea. has not been reported before. Therefore,
the present study investigated the antidiabetic effect of 70% ethanolic
leaf extract of Ea (EEA) in normal and streptozotocin (STZ)-induced
diabetic rats. Oxidative stress, an imbalance between free radical
generating system and natural antioxidant defense system, is intimately
associated with diabetes and is responsible for the development of a
myriad of complications of this chronic disease [21]. With this in mind,
the study also investigated the potential antioxidant properties of EEA.

METHODS

Plant material

Fresh mature leaves of Ea were collected from within Walter Sisulu
University, Mthatha Campus. The plant was identified and authenticated
by ataxonomist of the herbarium section in the Department of Biological
Science, Walter Sisulu University, Mthatha Campus.

Preparation of EEA

The leaves of the plant were air-dried under shade at room temperature.
The dried leaves were milled to a powder using a commercial blender.
A total of 832.63 g of the powdered material was mixed with 51 of 70%
ethanol in a conical flask. The mixture was allowed to stand for 2 d at
room temperature with constant stirring using (labcon) platform shaker
machine. After 2 d, the mixture was filtered using Whatman no.1 filter
paper in Biichner funnel. The filtrate was concentrated under reduced
pressure using rotary evaporator at 50 rpm and a bath temperature of
55°C. The semi-solid concentrated extract was subsequently evaporated
to dryness in an oven at 40°C to obtain a sticky, green crude extract
which was designated to be EEA and was kept in a refrigerator until the
day of experiments.

Animals

Male Wistar rats (250-300 g) supplied by Shalom laboratories and
housed in the storage facility in the Department of Physiology, Walter
Sisulu University were used in the study. The animals were acclimatized
to the laboratory conditions for 2 w, before the commencement of the
experiment and were maintained at an ambient temperature of 25+2°C
and 12 hlight/12 h dark regime. Animals were given standard rat pellet
chow (SafMed, SA) and water adilibitum and were kept under standard
environmental conditions. The experimental protocol was approved
by the Faculty of Health Sciences Research Ethics Committee, Walter
Sisulu University. Animals were handled in compliance with the Guide
for the care and use of Laboratory Animals (NIP Publication No. 85(23),
revised in 1996).

Induction of diabetes mellitus

Groups of diabeticrats were rendered diabetic by asingle intraperitoneal
injection of (STZ, 60 mg/kg bwt) freshly prepared in citrate buffer
at pH 4.5 after base-line blood glucose estimation was performed.
Control groups were treated with the equivalent volume of vehicle,
citrate buffer. After 72 h, animals with blood glucose concentration of
>150 mg/dl were considered diabetic and selected for the study.
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Experimental design

The toxicity test was done using Brine Shrimp lethality bioassay. Acute
studies of EEA were carried out in both normal and STZ-induced
diabetic rats while the sub-chronic studies of EEA were performed in
STZ-induced diabetic rats. The antioxidant effect of EEA was determined
using 1, 1-diphenyl-2-picrylhydrazyl (DPPH), ferric reducing capacity of
plasma (FRAP), thiobarbituric acid (TBA) reactive substances (TBARS)
assays.

Acute effects of EEA on blood glucose in normal rats

A total of 30 rats were randomly allocated into five groups with six rats
per group as follows:

Group 1: Nondiabetic control treated with vehicle (1 ml).

Group 2: Nondiabetic treated with EEA (100 mg/kg bwt).

Group 3: Nondiabetic treated with EEA (200 mg/kg bwt).

Group 4: Nondiabetic treated with EEA (400 mg/kg bwt).

Group 5: Nondiabetic treated with glibenclamide (GL) (5 mg/kg bwt).

Acute effects of EEA on blood glucose in STZ-induced diabetic rats
30 rats were randomly allocated into five groups with 6 rats per group
as follows:

Group 1: Diabetic-control treated with vehicle (1 ml).

Group 2: Diabetic treated with EEA (100 mg/kg bwt).

Group 3: Diabetic treated with EEA (200 mg/kg bwt).

Group 4: Diabetic treated with GL (400 mg/kg bwt).

Group 5: Diabetic treated with GL (5 mg/kg bwt).

Sub-chronic effects of EEA on blood glucose in STZ-induced
diabetic rats

36 rats were randomly allocated into 6 groups with 6 rats per group
as follows:

Group 1: Normal-control treated with vehicle (1 ml).

Group 2: Diabetic-control treated with vehicle (1 ml).

Group 3: Diabetic treated with EEA (100 mg/kg bwt).

Group 4: Diabetic treated with EEA (200 mg/kg bwt).

Group 5: Diabetic treated with GL (400 mg/kg bwt).

Group 6: Diabetic treated with GL (5 mg/kg bwt).

Oral glucose tolerance test (OGTT) protocol for acute studies
Animals were fasted for 18 h and initial blood glucose measurements
were done at time 0 min to establish the baseline. After blood glucose,
baseline values were determined, the animals were administered with
various doses of EEA (100, 200, and 400 mg/kg. bwt). 30 min after
administration of various doses of EEA, the animals were subsequently
challenged with an oral glucose load at 0.86 g/kg bwt. Blood glucose
measurements were taken at a 30 min interval for 6 h. Separate groups
of nondiabetic and STZ-induced diabetic rats were treated with GL at a
dose of 5 mg/kg bwt. to compare with the synthetic antidiabetic drugs
already in clinical use.

Determination of blood glucose concentrations

Blood samples were collected from the tail veins of the animals and
blood glucose was measured using Bayer’s Glucometer Elites (Elite
(Pty) Ltd., Health Care Division, Isando, South Africa).

Determination of cytotoxicity of EEA

The cytotoxic effect of EEA was conducted using Brine shrimp lethality
bioassay according to Meyer et al. with slight modification [22]. Brine
shrimps (Artemia salina) were hatched using brine shrimp eggs in a
rectangular vessel, containing 2 | of sterile artificial seawater (prepared
using NaCl 38 g/L) under constant aeration for 48 h, with artificial light
shone on the opposite side of the rectangular hatchery. After hatching
was achieved, active nauplii were collected from a brighter portion of
the hatchery and used for the assay. Ten nauplii were drawn through
a glass capillary and placed into vials containing 4 ml of brine solution
for the control, and for the experimental groups, 10 nauplii were placed
in 4 ml of brine solution. The vial for the control group contained brine
solution only, whereas the vials for experimental groups contained brine
solution and EEA of various concentrations (1000 pg/ml, 500 pg/ml,
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250 pg/ml, 125 pg/ml, 62.5 pg/ml, and 31.25 pg/ml) with 6 duplicates
per concentration. The mixtures were maintained at room temperature
under constant light, and a 24 h survival larvae count was recorded. The
mortality rate was determined as follows: % deaths = [(Total nauplii -
Alive nauplii) x 100%]/Total nauplii.

Lethal concentration (LC, ) determinations

The median LC; in pg/ml, 95% confidence interval and the slope was
determined after the 24 h count using the probit statistical analysis
method [23]. LC, is indicative of the toxicity level of a given compound
to the brine shrimp. LC, value of >1000 pg/ml is considered nontoxic,
value 2500 pg/ml and <1000 pg/ml is considered weak toxic and value
<500 pg/ml is considered toxic [24].

Determination relative organ weights

At the end of 6 w of subchronic studies, rats from each group were
sacrificed by cervical dislocation. The abdomen was opened using
dissecting kits, and the liver and pancreas were removed, cleaned, and
weighed and their relative body weights determined [25].

Blood sample collection for biochemical analysis

At the end of 6 w of sub-chronic studies, rats from each group were
sacrificed by cervical dislocation after a 24 h fasting. Blood samples
were collected by cardiac puncture technique. The blood samples were
centrifuged at 3000 rpm for 15 min (Eppendorf® centrifuge 5804),
thereafter serum was collected and stored at -76°C (Skadi® Green Line)
until the day of biochemical analysis.

Determination of free radical scavenging activity of EEA

The potential free radical scavenging activity of EEA was determined
according to the method described by Turkoglu et al. with a slight
modification [26]. In brief, 1 ml of 0.2 mM DPPH solution in methanol
was added to test tubes containing 1 ml of the prepared EEA at various
concentrations ranging from 10 to 320 pg/ml. The test tubes covered
in aluminum foil were then shaken vigorously before incubated in the
dark for 30 min at room temperature. Ascorbic acid was used under
similar conditions as a standard control antioxidant. The absorbance
was measured against blank at 517 nm using a spectrophotometer.
The free radical scavenging activity was calculated according to the
following formula:

% radical scavenging activity = [(Absorbance of control - absorbance of
sample)/Absorbance of control] x 100.

Determination of total antioxidant capacity

The antioxidant capacity of EEA was determined in serum by using
the FRAP assay according to the method described by Nair et al.
[27]. This assay measures the ability of an antioxidant to reduce
the Fe®* complex of tripyridyltrazine Fe (TPTZ)** in acidic medium,
to an intense blue colored ferrous complex Fe(TPTZ)?*" [28].
A spectrophotometer was used to read the absorbance at 593 nm. The
results were expressed as micromolar relative antioxidant standard
(ascorbic acid) equivalents [29]. A standard curve was plotted, and a
value on the straight portion of this curve was used in extrapolating
antioxidant activity of EEA.

Determination of Lipid peroxidation

TBARS assay was used to spectrophotometrically measure
malondialdehyde (MDA) in serum. MDA is formed as the split product
of an endoperoxide of unsaturated fatty acids resulting from oxidation
of a lipid substrate. MDA was reacted with TBA at 100°C to form a pink
viscous solution which was then centrifuged for 10 min at 3000 rpm to
give a clear solution. The absorbance was measured at 532 nm using
a spectrophotometer. MDA is formed as a secondary product of lipid
peroxidation, and it is postulated that increased MDA concentration
in the serum, signifies increased lipid peroxidation [30]. Lipid
peroxidation was calculated using a molar extinction coefficient of 1.56
x10° M~ cm™!, MDA concentration (uM)=Absorbance at 532/0.156.
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Data analysis

All data collected were presented as means (+standard error the
mean). Statistical significance was assessed through one-way analysis
of variances followed by Dunnett multiple comparison test to compare
the means. A value of p<0.05 was considered statistically significant.
Graphs were plotted and statistical analysis performed using GraphPad
Prism version 5.00 for Windows (Graphpad software, San Diego, CA,
USA).

RESULTS

Cytotoxicity of EEA
The median LC, after the 24 h count using the probit statistical analysis
method was found to be 997 pug/ml.

Acute effects of EEA and GL treatment on blood glucose

Figs.1and 2 show theacute effects of EEA and GL on fasting blood glucose
in normal and STZ-induced diabetic rats, respectively. Fasting blood
glucose concentration of STZ-induced diabetic rats was significantly
(p<0.05) higher as compared to non-diabetic control rats at time 0.
Following the oral glucose challenge, blood glucose concentration of
both nondiabetic and STZ-induced diabetic rats increased to the peak
at the 30" min. The blood glucose levels in nondiabetic control group
gradually decreased to pre-prandial values after 4 h. However, blood
glucose levels in the STZ-diabetic group did not decrease significantly
after 4 h.

On the other hand, oral administration of EEA at doses of 100, 200,
and 400 mg/kg bwt significantly (p<0.05-0.01) and dose-dependently
decreased blood glucose concentrations in both non-diabetic and STZ-
induced diabetic groups compared with their respective control groups
at all-time points that blood glucose was measured following oral
glucose challenge. Oral administration of GL at a dose of 5 mg/kg bwt.
significantly (p<0.05) decreased blood glucose concentration in the
non-diabetic group compared with control group at all-time points but
did not significantly lower blood glucose in STZ-induced diabetic rats.

=@~ Normal Control Group
-~ GlL-treated [Smg]

-l EEA-treated [100mg]
=&~ EEA-treated [200mg]

=¥~ EEA-treated [400mg]

150+

125+

Blood glucose concentrations
(mg/dL)
-
o
=)

50 T g v T T T
0 40 80 120 160 200 240

Time (Minutes)

Fig. 1: Acute effect of ethanolic leaf extract of Erythrina
abbysinica (EEA) and glibenclamide (GL) treatment on blood
glucose concentration in normal rats. Oral administration of EEA
significantly (p<0.05-0.01) and dose-dependently (100, 200 and
400 mg/kg bwt) decreased blood glucose concentration in treated
groups compared with untreated control group at all-time points.
GL at a dose of 5 mg/kg bwt. significantly (p<0.05) decreased
blood glucose concentration in treated groups compared with
untreated control group at all-time points. Values are presented
as meanststandard error the mean (n=6). *p<0.05; **p<0.01
significantly different compared with untreated control group
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Sub-chronic effects of EEA and GL on body weight and relative
organ weights of liver and pancreas

Table 1 shows the effect of daily oral administration of EEA and
GL for 6 w on body weight and relative organ weights of liver and
pancreas. The body weight of the untreated diabetic control group
was significantly lower (-11.28% weight loss) compared with the
normal and diabetic-treated groups. EEA and GL significantly improved
the body weight of the rats in all the treated groups with EEA at 100,
200, and 400 mg/Kg/bwt. and GL causing percent weight increases
of 5.38%, 9.68%, 17.16%, and 6.08%, respectively. Furthermore, EEA
and GL significantly increased the relative organ weights of liver and
pancreas as compared with the diabetic control group.

Sub-chronic effects of EEA and GL on blood glucose

Fig. 3 shows the sub-chronic effects of EEA and GL on blood glucose
after 6 w of the experimental period. Daily oral administration of
EEA at doses of 100, 200, and 400 mg/kg bwt significantly and dose-
dependently lowered blood glucose concentration in streptozotocin
(STZ)-induced diabetic rats as compared with the diabetic control
group. GL at a daily dose of 5 mg/kg. bwt. slightly, but significantly
lowered blood glucose in STZ-induced diabetic rats as compared to
untreated-diabetic control group. The effects of GL on blood glucose
were comparable to that of the lowest dose of EEA (100 mg/kg bwt).

-8~ EEA-treated [100mg]
-4~ EEA-treated [200mg]

-@- Diabetic control group
-~ Glibenclamide [5mg]
=¥~ EEA-treated [400mg]

250

2004

1504

(mg/dL)

100+

Blood glucose concentration

504

0 60 120 180 240

Time (minutes)

Fig. 2: Acute effect of ethanolic leaf extract of Erythrina abbysinica
(EEA) and glibenclamide (GL) treatment on blood glucose
concentration in streptozotocin -induced diabetic rats. Oral
administration of EEA significantly (p<0.05-0.01) and dose-
dependently (100, 200 and 400 mg/kg bwt) decreased blood
glucose concentration in diabetic treated groups compared with
diabetic un-treated control group at all-time points. GL at a dose of
5 mg/kg bwt. did not significantly (p>0.05) decrease blood glucose
concentration in diabetic treated group compared with un-treated
diabetic control group at all-time points. Values are presented
as means * standard error the mean (n=6). *p<0.05; **p<0.01
significantly different compared with untreated control group
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Sub-chronic effects of EEA and GL on serum FRAP activity and MDA
values

Table 2 shows the effect of daily oral administration of EEA and GL
for 6 w on serum FRAP and MDA values. FRAP and MDA values were
significantly higher and lower, respectively in EEA and GL treated
groups as compared with the diabetic untreated control group.

Free radical scavenging activity of EEA and ascorbic acid

Fig. 4 shows the free radical scavenging activity of EEA and ascorbic
acid. EEA dose-dependently revealed the ability to scavenge DPPH
free radicals suggesting its proton-donating potential. The free radical
scavenging ability of EEA was comparable to that of ascorbic acid.

DISSCUSSION

Economic problems in the developing nations such as South Africa
continue to influence the lower rate of control of diabetes and its
complications. Itis envisaged that treatment of diabetes in poor African
nations would become cheaper and therefore, accessible by using
scientifically proven phytotherapy. The process of developing the new
generation of drugs by isolation of individual active ingredients from
plant material is highly expensive, unsustainable and time-consuming
as compared to obtaining a simplified crude extract. Cham et al. 2015
emphasized that any standardized plant crude extract that contains
target compounds should be acceptable as a potent therapeutic
entity [31]. Thus, it would be necessary to establish the mechanism (s)

=®= Diabetic Vehicle-treated contr
%= Diabetic-EEA-treated [200mg]
€ Diabetic-GL-treated [5mg]

=@ Normal Control Group
=& Diabetic-EEA-treated [100mg]
=9~ Diabetic EEA-treated [400mg]

Blood glucose concentration
(mg/dl)

Time (weeks)

Fig. 3: Sub-chronic effect of ethanolic leaf extract of Erythrina
abbysinica (EEA) on blood glucose in streptozotocin (STZ)-
induced diabetic rats. EEA significantly (p<0.05-0.01) and dose-
dependently (100, 200 and 400 mg/kg bwt) lowered blood glucose
concentration in STZ-induced diabetic rats as compared with the
diabetic control group. GL at a daily dose of 5 mg/kg. bwt. slightly,
but significantly lowered blood glucose in STZ-induced diabetic
rats as compared with untreated-diabetic control group. Values
are expressed as means * standard error the mean (n=6). *p<0.5;
**p<0.01, and ++p<0.01 significantly different when compared
with non-treated diabetic control group

Table 1: Effect of daily oral administration of EEA and GL for 6 weeks on body weight and relative weights of liver and pancreas in
STZ-induced diabetic rats

Treatment group % body weight change Relative liver weight (mg/g) Relative pancreas weight (mg/g)
Non-Diabetic control 22.86+3.08** 30.72+1.08** 4.62+1.12*

Diabetic control -11.28+2.64 11.98+0.64 1.23+£0.13

Diabetic+100 EEA 5.38+2.16* 13.38+0.16 1.34+0.17

Diabetic+200 EEA 9.68+3.53* 17.16+0.53* 2.28+0.09*

Diabetic+400 EEA 17.16+3.27** 24.16+1.27** 3.12+0.19*

Diabetic+GL 6.08+4.18* 12.08+0.18 1.31+0.16

EEA and GL significantly improved the body weight of the rats in all the treated groups. EEA at 100, 200, and 400 mg/Kg/bwt. and GL caused percent weight increases of
5.38%, 9.68%, 17.16%, and 6.08%, respectively. EEA and GL significantly increased the relative organ weights of liver and pancreas as compared to the diabetic control
group. Values are presented as meanststandard error the mean (n=6). *p<0.05; **p<0.01 significantly different when compared with non-treated diabetic control group
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Fig. 4: The free radical scavenging activity of ethanolic leaf
extract of Erythrina abbysinica (EEA) and ascorbic acid. EEA
dose-dependently revealed the ability to scavenge DPPH free
radicals suggesting its proton-donating potential. The free radical
scavenging ability of EEA was comparable to that of ascorbic
acid. Values are presented as means+ standard error the mean of
triplicate samples (n=3)

Table 2: Effect of daily oral administration of EEA and GL for
6 weeks on the FRAP and MDA values in rat serum

Treatment group MDA (umol/g) FRAP (umol/g)
Non-diabetic control 0.965+0.08** 143.72+4.28**
Diabetic control 5.98+0.26 68.52+6.81
Diabetic+100 EEA 2.38+0.162* 122.96+9.31**
Diabetic+200 EEA 1.56+£0.156** 128.61+6.42**
Diabetic+400 EEA 0.74+0.127** 140.61+8.03**
Diabetic+GL 2.88+0.18* 82.63+5.71*

EEA and GL significantly increased FRAP activity and decreased the MDA
levels in treated groups compared with the untreated control group. Values
are presented as means+standard error the mean of triplicate samples (n=3).
*p<0.05; **p<0.01 significantly different compared with non-treated diabetic
control group

of the antidiabetic effects, efficacy, and safety of the traditional herbs
and develop them into therapeutic formulations that could readily
be available, affordable and accessible to the community. Traditional
medicine from readily available medicinal plants offers great potential
for the discovery of a new generation of anti-diabetic drugs [32].
Thus, search for more cost-effective and safer anti-diabetic drugs has
become the focus point of interest and research. The present study has
demonstrated the potential antidiabetic and antioxidant properties of
ethanolic crude leaf extract of Ea.

In the present study, EEA has demonstrated potential glucose tolerant
activity by preventing the development of acute hyperglycemia, after
an oral glucose challenge, as it managed to lower blood glucose to
normal values within 4 h of glucose load. Following an oral glucose
load, blood glucose levels in both normal-treated and diabetic-treated
rats increased rapidly and reached a peak at the 30" min followed by
a gradual and progressive decrease towards normal values, suggesting
the potent glucose tolerance activity of EEA, which was comparable
to that of standard drug, GL. OGTT is a widely acceptable test that is
used to diagnose pre-diabetes and diabetes as it assesses the body’s
potential to effectively utilize plasma glucose. In diabetic conditions,
either insulin is not produced, or the body loses its ability to utilize
insulin effectively enough to stabilize the blood glucose concentration,
as a result fasting blood glucose concentrations are significantly higher
than in normal states. Impaired fasting and postprandial glucose
tolerance are associated with increased risk of diabetes mellitus and its
associated complications. Patients with impaired glucose tolerance or
impaired fasting glucose have a significant risk of developing diabetes
and thus are an important target group for primary prevention [33].
Moreover, postprandial hyperglycemia is reported to be a major risk
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factor for complications associated with diabetes resulting in clinical
consequences such as erectile dysfunctions, peripheral neuropathy,
retinopathy, nephropathy, myocardial infarction, atherosclerosis,
and many more [34]. It is reported that about 280 million people
have impaired glucose tolerance and that the prevalence of diabetes
is estimated to reach 552 million by 2030 globally [35]. Therefore,
any form of approach that aims at alleviating acute postprandial
hyperglycemia is critical in the control and management of diabetes
and its complications [36]. Thus, EEA could be a potentially promising
source of novel treatment of diabetes and its associated complications
since it has revealed the potential to improve glucose tolerance.

In the present study, EEA was screened against an in vivo STZ-
induced rat model of diabetes. The use of in vivo models provide a
tool for understanding the pathological mechanisms of diabetes and
are important for screening possible new drugs in management of
diabetes [37].

A typical characteristic feature of STZ-induced diabetic rat model is
absolute insulin deficiency, due to the extensive pancreatic beta-cell
destruction caused by STZ toxicity [38]. The results of the acute/short-
term anti-diabetic effect of EEA, suggest that apart from stimulation
of insulin synthesis and release from pancreatic beta cells, it may also
exert its blood glucose-lowering effects through extrahepatic pathways
such as increased cellular utilization of glucose by peripheral tissues,
increased glycogenesis, decreased glycogenolysis and decreased
intestinal glucose absorption [39]. This conclusion is further supported
by the fact that EEA lowered blood glucose levels in both glucose loaded
normal and STZ-induced diabetic rats, whereas, GL, a drug which lowers
blood glucose by stimulating pancreatic beta cells to secrete and release
insulin, only revealed its blood glucose-lowering effect in glucose
loaded normal rats but not in glucose loaded STZ-induced diabetic rats,
meaning that the pancreatic beta cells in STZ-induced diabetic rats
were severely damaged and therefore were unable to synthesize and
release adequate amount of insulin.

Evidence suggests that levels of TBARS, a marker of oxidative stress are
markedly increased in the liver and pancreas during the progression of
diabetes, and that, this plays a major role in pancreatic and hepatocyte
damage associated with diabetes [40]. Regeneration of the pancreatic
beta cells is one of the proposed mechanisms by which, plant-based
drugs are believed to lower blood glucose in STZ-induced diabetic
rats because the regenerated beta cells increase the capacity of the
endocrine pancreas to synthesize and release insulin, which in turn,
promotes cellular glucose utilization [41]. Evaluation of relative vital
organs weight showed that EEA-treated diabetic rats had significantly
increased liver and pancreatic weights when compared with the
diabetic untreated control group. Therefore, the significantly increased
relative pancreatic weight, accompanied by decreased blood glucose,
observed in EEA-treated animals, after 6 w of daily treatment as
compared to their counterpart control untreated diabetic group, would
seem to suggest, that the extract, induced progressive regeneration of
the pancreatic beta cells, which resulted in the restoration of pancreatic
endocrine function, leading to enhanced insulin synthesis and release,
with a concomitant reduction in blood glucose levels. A decrease in the
relative pancreatic weight of the diabetic control rats, observed in the
present study, would be an indication of pancreatic damage, leading to
loss of functional pancreatic beta cells, and hence, decreased insulin
accompanied by elevated blood glucose levels in this group of rats.

Plant extracts with antidiabetic properties have been reported to
possess the capacity to promote hepatic glycogenesis, which restores
normal liver weight in diabetic rats. Gondwe et al. [42] reported the
antihypeglycemic properties of Sclerocarya birrea stem-bark ethanolic
extract, which was associated with increased hepatic glycogen
synthesis. Therefore, it may be argued that increased relative liver
weight observed in EEA-treated rats, may appear to suggest, the
hepatoprotective activity of EEA against oxidative stress-induced
damage, thereby promoting the liver’s capacity to synthesize glycogen,
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accompanied by a decrease in blood glucose and restoration of normal
liver weight.

Loss of body weight is one of the signs manifested in diabetic condition
because the body fails to effectively utilize glucose, and as a result, it
begins to break down structural proteins, leading to muscle wasting [43].
A daily oral administration of various doses of EEA and GL, resulted in a
significantimprovement of body weight in treated groups as compared to
untreated diabetic control group, suggesting the protective effect of EEA
against structural protein catabolism [44]. Increased insulin synthesis
and release by regenerated pancreatic beta cells might have potentiated
increased cellular glucose uptake and utilization by peripheral tissues,
leading to increased synthesis of structural proteins and consequently,
to improved body weight and decreased blood glucose [45].

Oxidative stress, animbalance between free radical generating system and
natural antioxidant defense system, is intimately associated with diabetes
and is responsible for the development of a myriad of complications
of this chronic disease [46]. Antioxidants play a critical protective role
against damages caused by reactive oxygen species, thereby maintaining
normal cellular functions. Some synthetic antioxidants such as butylated
hydroxyanisole, butylated hydroxytoluene, and propyl gallate are
available on the market. However, due to the growing concerns about
the potential health hazards that are associated with dietary intake of
these synthetic antioxidants such as liver toxicity, and carcinogenesis,
there has been a dramatic shift toward the use of various natural
antioxidants, mainly of herbal origin [47]. Several phytochemicals such
as flavonoids saponins, polyphenols, Vitamin C and E, and carotenoids
are used as potential antioxidants since they possess various antioxidant
mechanisms, which among others, include the ability to scavenge free
radicals, chelating metal ions, and inhibiting enzymatic systems which
promote the generation of free radicals [48,49]. The present study reports
the antioxidant properties of EEA as revealed by its ability to scavenge
DPPH free radicals, to increase serum total antioxidant capacity and to
inhibit lipid peroxidation. This finding may suggest that EEA contains
active phytochemicals with antioxidant properties, and therefore, has
the potential to prevent complications associated with diabetes. It may
as well be postulated, that one other mechanism by which, EEA exerts
its anti-diabetic actions is through its capacity to reduce oxidative stress
which is implicated in the pathogenesis of diabetes mellitus.

One attractive feature with use of plant-based therapies is a common belief
that they are safe. However, many phytochemicals may have significant
adverse effects on human beings. Toxicity of the plants may originate
from different contaminants or from plant chemical compounds that are
part of the plant [50]. It is, therefore, imperative that potential toxicity of
medicinal plants be determined before consumption of the plant materials.
Brine shrimp toxicity study was conducted to ascertain the safety of EEA.
Brine shrimp lethality assay is widely used in toxicological tests involving
screening of large numbers of medicinal plant extracts for drug discovery
[51-53]. Moreover, some studies have reported a significant correlation
between the LC, value obtained with Brine Shrimp lethality assay and the
LD, value obtained from the acute oral toxicity assay done in mice [54].
Therefore, this assay could conveniently replace other biological models
such as in vivo assays involving the use of live laboratory animals which
are constantly facing ethical challenges. The high EEA and GL significantly
increased FRAP activity and decreased the MDA levels in treated groups
compared with the untreated control group. Values are presented as
means * standard error the mean of triplicate samples (n=3). *p<0.05;
**p<0.01 significantly different compared with nontreated diabetic
control group value of EEA (997 pg/ml), observed in the present study,
may suggest that EEA has slightly weak toxicity and may probably be
safe for human consumption. However, the fact that it exhibited a certain
degree of toxicity, it may be advisable that consumption of the materials
derived from this plant should be done cautiously.

The phytochemical analysis of the stem bark and root bark of Ea,
reported the presence of several principle compounds, including
flavonoids alkaloids, saponins, terpenoids, tannins, flavones, and
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chalcones [55,56]. The present study did not conduct the phytochemical
analysis of EEA. However, it is most likely that these compounds
reported to be available in the stem and root barks of Ea, it may also
be richly available in the leafy parts of the plant, and that they are
responsible for the antidiabetic and antioxidant activities displayed by
EEA in this study. Furthermore, considering the remarkable, therapeutic
potential of EEA, it would seem, plausible enough, to use the renewable
leafy parts of this plant, as an alternative to stem and root barks, with
the aim, to conserve the biodiversity of this miraculous medicinal plant,
Ea. Harvesting of roots of medicinal plants for medicinal uses is not
sustainable as it threatens the survival of the plants [57].

CONCLUSION

The present study has revealed the potential acute and sub-chronic blood
glucose-lowering properties of EEA in both normal and STZ-induced
diabetic rats. Based on the observations made, the study speculates
that the extract may exert its antidiabetic effects through both hepatic
and extra-hepatic mechanisms. In addition, the extract has exhibited
remarkable antioxidant capacity as revealed by its ability to scavenge free
radicals, inhibit lipid peroxidation, and reduce reactive oxygen species.
Therefore, extracts from Ea, if properly and adequately standardized,
may serve as a safe and cost-effective, potential therapeutic agent, with
both anti-diabetic as well as antioxidant properties. The study has shed
more light on the scientific basis for the use of Ea, in the management
and treatment of diabetes by some communities of the Eastern Cape
Province of the Republic of South Africa.

Limitations and recommendations

The proposed anti-diabetic mechanisms of EEA in the present study
are mainly based on speculations, and therefore, warrant further
investigations which should focus at establishment of the actual
mechanistic pathways, through which, EEA exerts its anti-diabetic
actions. Furthermore, active ingredients in EEA should be identified,
isolated and screened for their anti-diabetic and antioxidant properties.
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