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Abstract

In this study, the methanol extract of the leaves of five common medicinal plants- Morinda lucida (MEML), Alchornea
cordifolia (MEAC), Anthocleista vogelli (MEAV), Cassia sieberena (MECS) and Nauclea latifolia (MENL) were screened for
phytochemical composition, total polyphenol/ flavonoid content, antioxidant activity and inhibitory potentials against key
enzymes linked to diabetic complications; α-glucosidase, aldose reductase and angiotensin converting enzyme (ACE).
Phytochemical screening revealed the presence of alkaloids, phenols, flavonoids, saponins, steroids and tannins in the extracts.
The total polyphenolic content of the extracts was found to be 178 ± 2.3, 158 ± 2.3, 100 ± 1.2, 70 ± 1.7 and 120 ± 2.8 (μg/g of
Gallic acid equivalent) for MEML, MEAC, MEAV, MECS and MENL respectively while the total flavonoid content was found
to be 48 ± 0.9, 40 ± 1.2, 33 ± 0.8, 26 ± 0.5 and 38 ± 0.8 (μg/g of Quercetin equivalent) in the same order. All the extracts
exhibited antioxidant activity as well as inhibitory action on -glucosidase, aldose reductase and angiotensin converting enzyme
activities. However, there were variations in the activities of the extracts. Morinda lucida showed the highest antioxidant activity
and it was also the most potent inhibitor of -glucosidase activity, Alchornea cordifolia was the most potent against the activity
of aldose reductase while Nauclea latifolia was the most potent inhibitor of ACE activity. It was concluded that these plants
individually or as a polyherbal formulation, could be useful in the management of diabetic complications. However, further
investigations are recommended.
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1. Introduction

Diabetes mellitus is a common metabolic disease
associated with many microvascular and
macrovascular complications. The microvascular
complications include nephropathy, retinopathy, and
neuropathy while macrovascular complications
include coronary artery diseases, myocardial
infarction, stroke, peripheral vascular disease as well
as diabetic foot ulcers. These complications are
responsible for the high morbidity and mortality
associated with the disease (Andrew, 2000; Atlan,
2003, Hadler et al., 2003, Merlin et al., 2005; Fowler,
2008). Diabetic nephropathy has been reported to
occur in 25– 40% of peoples with type I or type II
diabetes and it increases by 6% per year (MacIsaac &
Jerums, 2003), where as diabetic neuropathy occurs in
50% to 66% of diabetic patients (Boulton, 2005;
Bouton et al., 2005; Hall et al., 2005; Argoff et al.,
2006), while diabetic retinopathy with 5% is the fifth
leading cause of blindness worldwide (WHO, 2006).
Hyperglycemia play an important role in the
pathogenesis of diabetic complications by several
mechanisms such as increased aldose reductase (AR)-
related polyol pathway flux, increased formation of
advanced glycation end products (AGE) formation and
excessive oxidative stress. Therefore the effective
control of blood glucose level is the key to preventing
the diabetic complications for both Type I and Type II
diabetic patients (DeFronzo, 1999).

Hyperglycaemia is currently managed through the use
of insulin and oral hypoglycemic agents such as
sulfonylureas, biguanides, meglitinides,
thiazolidinediones and incretin mimetics.
Unfortunately, none of these therapeutic agents has
been completely successful in controlling the long-
term microvascular and macrovascular complications.
Consequently, there is a strong preference for
medicinal plants which are believed to be suitable for
managing these complications. The medicinal values
of plants lie in their component phytochemicals such
as alkaloids, tannins, flavonoids and other phenolic
compounds, which produce a definite physiological
action on the human body. A systematic search for
useful bioactivities from medicinal plants is now
considered to be a rational approach in nutraceutical
and drug research.  This study was aimed at examining
some of the physiological actions of plants that are
beneficial to the management of diabetic
complications. These include antioxidant activity and
the ability to modulate the activities of key enzymes
(α- Glucosidase, aldose reductase and ACE) that are
linked to diabetic complications.

It has been demonstrated that diabetic patients are
under oxidative stress; the elevation of free-radical
generation and decline in the antioxidant defense may
partially mediate the beginning and progression of
diabetes associated complications (Jin et al., 2008;
Vos et al., 2012). Several hypothesis have been put
forth to explain the genesis of free radicals in diabetes.
Formation of excess superoxide radicals by the
mitochondrial transport chain during hyperglycemia
has been reported to be the initial factor. Therefore,
use of antioxidants can be beneficial for diabetic
patients, not only to maintain antioxidants levels in the
body but also to treat the long term complications that
can arise (Iwai, 2008). The polyphenolic compounds
in edible plants are currently regarded as natural
antioxidants, and their antioxidant activities are
therefore important in the management of diabetes and
its complications.

Hydrolysis of dietary carbohydrates such as starch is
the major source of glucose in the blood.  Intestinal α-
glucosidase catalyzes the final step in the digestive
process of carbohydrates. The inhibition of these
enzymes significantly decreases digestion and uptake
of carbohydrates and lowers the postprandial blood
glucose level in the non-insulin dependent diabetes
mellitus patients (Fred- Jaiyesimi et al., 2009). α-
Glucosidase inhibitors such as acarbose, miglitol, and
voglibose are known to reduce postprandial
hyperglycemia primarily by interfering with the
carbohydrate digestive enzymes and by delaying
glucose absorption. Some flavonoids and polyphenols
as well as sugar derivatives are found to be effective in
inhibiting α-glucosidase and (Haraguchi et al., 1996;
Lee and Kim, 2001) therefore, much effort has been
focused on plants to produce potentially useful
products such as commercial α-glucosidase inhibitors
or lead compounds.

Aldose reductase is the first enzyme in the polyol
pathway; it catalyzes the reduction of D- glucose from
the aldehyde form into D- sorbitol with concomitant
conversion of NADPH to NADP+ (Kador et al.,
1985b). It is generally accepted that this polyol
pathway plays an important role in the development of
some degenerative complications of diabetes. The
elevated blood glucose level, characteristic of diabetes
mellitus, causes significant fluxes of glucose through
the polyol pathway in tissues such as nerves, retina,
lens, and kidneys, where glucose uptake is
independent of insulin (Chihiro, 1998).
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Thus, AR inhibitors have attracted attentions in
therapeutic researches of diabetic complications.
Several authors have studied and reported on a number
of structurally diverse naturally occurring and
synthetic AR inhibitors that have proven to be
effective for the prevention of diabetic complications
in experimental animals, as well as in clinical trials
(Guzmán & Guerrero, 2005; Patel et al., 2012).

Previous reports have revealed that diabetes and
hypertension are interrelated as 75% of diabetic
patients are known to be hypertensive (Lago, 2007;
Bereketoglu, 2012) Type-2 diabetic patients are more
prone to develop hypertension which is a major risk
factor of cardiac, renal, and cerebral dysfunction
(Golbidi et al., 2012). Angiotensin-converting enzyme
(ACE) converts angiotensin I to angiotensin II, a
potent vasoconstrictor and stimulator of aldosterone
secretion by the adrenal gland. Inhibition of
angiotensin I-converting enzyme (ACE) is considered
a useful therapeutic approach in the treatment of high
blood pressure in both diabetic and nondiabetic
patients (Crook & Penumalee, 2004; Johnston &
Volhard, 1992). Recent studies indicating that
phenolic compound rich - plants have the ability to
inhibit ACE activity, both in vitro and in vivo (Actis-
Goreta & Fraga, 2003; Kwon et al., 2006). This opens
up the possibility that medicinal plants that may mimic
synthetic ACE inhibitors and provide health benefits,
but without adverse side effects.

Since plants constitute a rich source of bioactive
chemicals (Kador et al., 1985a) and are largely free
from adverse effects, they could possibly lead to the
development of new classes of safer antidiabetic
agents or diabetic complication resolving agents.
Hence, the aim of this study was to screen some
common Nigerian medicinal plants that could be
useful in the management of diabetic complications.
The plants and their pharmacological properties are
highlighted below.

Morinda lucida is an evergreen tree or rarely a shrub
2.4–18 m tall, with smooth or rough scaly grey or
brown bark and crooked or gnarled bole and branches.
In Ghana and Nigeria, Morinda lucida is widely used
in treating malaria, (Agbovie et al., 2002; Aiyeloja and
Bello, 2006). According to Adomi (2006), the aqueous
and ethanol bark extract of M. lucida were found to be
potent against S. aureus, P. aeruginosa, P. aeruginosa
and E. coli. Chukwujekwu (2005) also reported that
ethanol extracts of Morinda lucida was active against
S. aureus.

Alchornea cordifolia commonly known as Christmas
bush is a small tree particularly native to tropical
Africa. It is a shrubby tree that reaches 8-10 m in
height with light-brown bark and violet flowers. It is
widely distributed throughout Africa where it is used
extensively in traditional medicine. It possesses potent
antibacterial activity and could be beneficial in the
management of different inflammatory disease states
It has been very valuable locally in some ethnic groups
in Nigeria for the management of haemorrhoids and
high blood pressure and for its analgesic properties
(Cesario, 1993).

Anthocleista vogelli known as the Cabbage tree is
Native mainly of tropical Africa, Madagascar and
Mascarene Islands; this species tends to occur in wet
forest and has been recorded from Sierra Leone,
Liberia and Nigeria. They are usually small trees or
scrambling shrubs with soft white wood. Their leaves
are glabrous, leathery and large and are often over one
foot long in mature trees and up to 5 ft long in
saplings.  The leaves and stem-bark are used for
treating swellings in the body (anti-inflammatory).
The root-bark and leaves are used in local medicine
(Dalzel, 1937).

Cassia sieberiana is a common tree in Nigeria. It is
also found in East Africa. Previous studies showed
that ethanolic root extract of C. sieberiana had an
antiparasitic effect, myorelaxant and antispasmodic
activity (Fall et al., 2005). It was also shown that C.
sieberiana extracts had antimicrobial activity against
Neisseria gonorrhoeae, Herpes simplex virus type I
and African swine fever virus (Silva et al., 1997). In
Senegal, the aqueous root extract of C. sieberiana was
used in traditional medicine to treat pain and
inflammation (Kerharo-Adam, 1974).

Nauclea latifolia commonly known as Pin cushion
tree is a straggling shrub or small tree native to
tropical Africa and Asia. It is a tropical plant that
grows commonly in most parts of the Nigeria
(Akpanabiatu et al., 2005; Gidado et al., 2009). It is
found in the forest and fringe tropical forest. Its
medicinal uses includes as tonic and for the treatment
of fever medicine, toothaches, dental caries, septic
mouth and malaria, diarrhoea and dysentery (Lamidi
et al., 1995). Parts of the plant are commonly
prescribed traditionally as a remedy for diabetes
mellitus. The plant is also used in the treatment of
ailments such as malaria (Kokwaro, 1976; Boye,
1990), gastrointestinal tract disorders (Maduabunyi,
1995), sleeping sickness (Kerharo, 1974), prolong
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menstrual flow (Elujoba, 1995), hypertension (Akabue
and Mittal, 1982) and as a chewing stick (Asubiojo et
al., 1982).

2. Materials and Methods

2.1 Materials

Bz- Glycyl-histidyl-leucine (GHL), Gallic acid, Folin-
Ciocalticeau phenol reagent and 2, 2-diphenyl-1-
picrylhydrazyl radical (DPPH), yeast α-glucosidase
enzyme, p-nitrophenyl-α-D-glucopyranoside, acarbose
and trichloroacetic acid (TCA) were purchased from
Sigma Chemical Co. Ltd (USA). All other chemicals
and solvents used in this study were of analytical
grade and were acquired from BDH, Poole, England.

2.2 Methods

2.2.1 Plant Collection and Identification

The leaves of Morinda lucida, Alchornea cordifolia,
Anthocleista vogelli, Cassia sieberena and Nauclea
latifolia were bought from an herbal market at Ajaka,
Igalamela/ Odolu Local Government Area, Kogi State,
Nigeria. The plants were identified at the herbarium
unit of Biological Science Department, Federal
University, Lokoja and voucher specimens were
deposited for future references.

2.2.2 Preparation of Extracts

The leaves of Morinda lucida, Alchornea cordifolia,
Anthocleista vogelli, Cassia sieberena and Nauclea
latifolia were shade- dried for seven (7) days and
pulverized separately using an electric blender. Five
hundred (500) gram of the pulverized leaves of each
plant was cold- macerated in methanol for 48- hours.
The mixtures were subsequently filtered using
Whatmann filter paper (Size No1) and the extracts
were concentrated using a rotary evaporator. The
extracts were weighed and percentage yield calculated
for each extract.

2.2.3 Qualitative Phytochemical Analysis

Phytochemical analysis of the methanol extract of
selected medicinal plants was carried out adopting the
standard methods (Dhivya & Manimegalai, 2013)
provided for the presence and absence of metabolites
such as Alkaloids, Flavonoids, Phenol, Saponins,
Steroids and Tannins was carried out.

2.2.4 Determination of Total Polyphenol Content

Total polyphenol content was determined using the
Folin reagent as described by Ayoola and coworkers
(Ayoola et al., 2008). Concentrations of 12.5, 25, 50,
and 100 μg/ml of gallic acid were prepared in
methanol for preparation of standard calibration curve.
Concentrations of 0.1g/ml of plant extracts were also
prepared in methanol and 0.5 ml of each sample was
mixed with 2.5 ml of a ten-fold diluted Folin-
Ciocalteau’s reagent and 2 ml of 7.5% sodium
carbonate. The mixture was allowed to stand for 30
min at room temperature before the absorbance was
read at 760nm using a spectrophotometer. All
determinations were performed in triplicates, and the
total phenolic content was expressed in terms of gallic
acid equivalent (GAE).

2.2.5 Determination of Total Flavonoids Content

The total flavonoids content (TFC) was estimated
spectrophotometrically by the aluminum chloride
method based on the formation of flavonoids-
aluminum complex as described by Pham et al.,
(2007). The sample (1 ml) was mixed with 1 ml of
AlCl3 in methanol (2% w/v) and incubated at room
temperature for 15 min. The absorbance was then read
at 430 nm, and the amounts of TFC were estimated
from the standard calibration curve of 12.5- 100 μg ml-

1 quercetin, and hence, expressed in terms of quercetin
equivalents (QE).

2.2.6 Determination of in vitro Antioxidant Activity

The scavenging activity of the extracts on 1, 1-
diphenyl-2-picrylhydrazine (DPPH) was determined at
517nm using Trolox as standard following the
procedure described by Atawodi et al., (2010). Briefly,
an aliquot (50 μl) of either the sample extract or
standard Trolox solution was added to 2 ml of
methanolic DPPH solution (0.1 mM), 0.95 ml of 0.05
M Tris- HCl buffer (pH 7.4) and wrapped in
aluminum foil to reduce influence of light. The
absorbance was measured at 517 nm exactly 30
seconds after adding each of the extracts. A loss of
absorbance at this wavelength was taken as a measure
of the radical scavenging capacity of the extract added.
The antioxidant capacity based on the DPPH free
radical scavenging ability of the extract was expressed
in terms of Trolox equivalent (TE) after extrapolation
from a Trolox standard calibration curve of 20 to 200
μg g-1.
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2.2.7 In-vitro α-Glucosidase Inhibition Assay

Different concentrations of the extracts (10- 100 g/
ml) (50 L) and 100 L of -glucosidase solution (1.0
U/ml) in 0.1M phosphate buffer (pH 6.9) were
incubated at 25oC for 10min. Then, 50 L of 5mM p-
nitrophenyl- -D-glucopyranoside solution in 0.1M
phosphate buffer (pH 6.9) was added. The mixtures
were incubated at 25oC for 5min, before reading the
absorbance at 405 nm in the spectrophotometer. The

- glucosidase inhibitory activity was expressed as
percentage inhibition (Apostolidis et al., 2007).

2.2.8 In-vitro Aldose Reductase Inhibition (AR)
Assay

Crude AR was prepared as in the following steps:
lenses were removed from albino rats weighing 200-
250 g, and were kept frozen until use. A homogenate
of rat lens was prepared in accordance with the
method described by Hayman and Kinoshita (1965). A
partially purified enzyme, with a specific activity of
6.5 U/mg, was routinely used in the evaluations of
enzyme inhibition. The partially purified material was
separated into 1.0 ml aliquots, and stored at -40°C.
The AR activity was spectrophotometrically assayed
by measuring the decrease in NADPH absorption at
340 nm over a 4 min period, using L- glyceraldehydes
as a substrate. Each 1.0 ml cuvette containing equal
units of enzyme, 0.1M sodium phosphate buffer (pH
6.2) and 0.3 mM NADPH either with or without 10
mM substrate and inhibitor was prepared (Lim et al.,
2006). One set of mixtures prepared with an
equivalent volume of sodium phosphate buffer instead
of tested samples was used as control. The
concentration of the extracts required to inhibit 50% of
ΑR activity under the assay conditions was defined as
the IC50 value.

2.2.9 In-vitro Angiotensin Converting Enzyme
(ACE) Inhibition Assay

Different concentrations of the extracts (10- 100 g/
ml) (50 L) and ACE solution (50 L, 4mU) were
incubated at 37oC for 15min. The enzymatic reaction
was initiated by adding 150 L of 8.33mM of the
substrate Bz- Gly- His- Leu in 125mM Tris-HCl
buffer (pH 8.3) to the mixture. After incubation for 30
min at 37oC, the reaction was arrested by adding 250

L of 1M HCl. The Gly- His bond was then cleaved
and the Bz- Gly produced by the reaction was
extracted with 1.5 ml ethyl acetate. Thereafter the
mixture was centrifuged to separate the ethyl acetate
layer; then 1 ml of the ethyl acetate layer was
transferred to a clean test tube and evaporated. The
residue was redissolved in distilled water and its
absorbance was measured at 228 nm. The ACE
inhibitory activity was expressed as percentage
inhibition (Cushman and Cheung, 1971).

2.2.10 Statistical Analysis

The results of three replicates were pooled and
expressed as Mean ± Standard Deviation (S.D) and the
statistical differences between the means were
determined by one way analysis of variance
(ANOVA) which was followed by LSD. P ≤0.05 was
considered significant. The extract concentration
causing 50% enzyme activities (IC50) value was
determined using non-linear regression analysis with
Graph Pad Prism version 5.00 (Graph Pad Inc.).

3. Results

3.1 Percentage Yield of the Extracts

The yields in the methanol extracts of the medicinal
plants are shown in Table 1. The yield percentages of
the extracts in decreasing order were as follows:
Nauclea latifolia (14.23%) > Morinda lucida
(13.81%) > Cassia sieberena (12.75%) > Alchornea
Cordifolia (9.33%) > Anthocleista vogelli (6.50%).

Table 1: Yield of Extracts from the Medicinal Plants

Plant Methanol extract yield (% w/w) *
Morinda lucida 13.81
Alchornea Cordifolia 9.33
Anthocleista vogelli 6.50
Cassia sieberena 12.75
Nauclea latifolia 14.23

* Dried weight basis
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3.2 Phytochemical Composition of the Methanol
Extracts of the Medicinal Plants

Preliminary phytochemical screening carried out on
the methanolic extracts of the plants revealed the

presence of Alkaloids, phenols flavonoids and steroids
in all the plant extracts. Saponins were present in all
the extracts except that of Alchornea cordifolia while
tannins were found only in the extracts of Alchornea
cordifolia and Nauclea latifolia (Table 2).

Table 2: Phytochemical Composition of the Extracts

Note: += Present, - = Absent

3.3 Total Polyphenol Content of the Extracts

Figure 1 shows the total polyphenol content of the
extracts expressed as gallic acid equivalent. MEML
had the highest (178 ±2.3 μg GAE /g) levels of total

polyphenol content while MECS had the least (70 ±1.7
μg GAE /g) content.  MEAC, MEAV and MENL had
total polyphenol content of 158 ±2.2, 100 ±1.2 and
120 ±2.8 μg GAE /g respectively.

Figure 1: Total Polyphenol contents of the extracts
(Values presented are data from triplicate analyses expressed as Mean ± SD)
MEML= Methanol extract of Morinda lucida leaves, MEAC= Methanol extract of Alchornea cordifolia leaves,
MEAV = Methanol extract of Anthocleista vogelli leaves, MECS= Methanol extract of Cassia sieberena leaves,
MENL= Methanol extract of Nauclea latifolia leaves

Phytochemicals

Extract Alkaloids         Phenols       Flavonoids   Saponins      Steroids         Tannins
Morinda lucida + + +                 + + -

Alchornea
Cordifolia

+ + + - +                     +

Anthocleista
vogelli

+ + +                 + + -

Cassia
sieberena

+ + +                 + +                    +

Nauclea
latifolia

+ + +                 + + -
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3.4 Total Flavonoid Content of the Extracts

The total flavonoid content of the extracts expressed
as quercetin equivalent is shown in Figure 2. Similar
to the total polyphenolic content, MEML had the
highest (48 ±0.9 μg QE /g) levels of total flavonoid

content while MECS had the least (26 ±0.5 μg QE /g)
content.  MEAC, MEAV and MENL had total
polyphenol content of 40 ±1.2, 33 ±0.8 and 38 ±0.8 μg
QE /g respectively.

.

Figure 2: Total Flavonoid contents of the extracts
(Values presented are data from triplicate analyses expressed as Mean ± SD)
MEML= Methanol extract of Morinda lucida leaves, MEAC= Methanol extract of Alchornea cordifolia leaves,
MEAV = Methanol extract of Anthocleista vogelli leaves, MECS= Methanol extract of Cassia sieberena leaves,
MENL= Methanol extract of Nauclea latifolia leaves

3.5 DPPH Free Radical Scavenging Activity of the
Extracts

The in vitro antioxidant activity of the plants showed
similar trends with that of the total polyphenol and the
total flavonoids. The total antioxidant activity of the

extracts expressed as Trolox equivalent is shown in
Figure 3. MEML showed the highest antioxidant
activity with a value of 185±3.2 μg TE/g. MEAC,
MEAV, MECS and MENL had values of 150 ±1.3, 79
±0.6, 71 ±0.9, and 87±1.1 μg TE/g respectively.

Figure 3: DPPH free radical scavenging activity of the extracts
(Values presented are data from triplicate analyses expressed as Mean ± SD)
MEML= Methanol extract of Morinda lucida leaves, MEAC= Methanol extract of Alchornea cordifolia leaves,
MEAV = Methanol extract of Anthocleista vogelli leaves, MECS= Methanol extract of Cassia sieberena leaves,
MENL= Methanol extract of Nauclea latifolia leaves
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3.6 Correlation between Antioxidant Activity/
Total Polyphenol Content and Antioxidant
Activity/ Total Flavonoid Content of the Extracts

The correlation analysis revealed a strong positive
correlation between the antioxidant activity and the

polyphenols contents (r2 = 0.9028) and between the
total flavonoids contents and antioxidant activity (r2 =
0.8007) as shown in Figures 4 and 5 respectively.

r2 = 0.9028
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Figure 4: Correlation between antioxidant activity and total polyphenol content of the extracts

r2 = 0.8007
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Figure 5: Correlation between antioxidant activity and total flavonoid content of the extracts
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3.7 Inhibitory effect of the various concentrations
of the Extracts on the Activity of α-Glucosidase

The extracts produced a concentration- dependent
inhibitory effect on α- Glucosidase activity. MEML
had the least median inhibitory concentration (IC50)

(49.95μg/ ml) while MEAV had the highest IC50 value
(144.10 μg/ ml). The estimated values for MENL,
MESC and MEAC were 61.36, 105.10 and 134.20 μg/
ml respectively. The standard drug, Acarbose had an
IC50 value of 64.45μg/ ml.
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Figure 6: Concentration- Percentage Inhibition of α-glucosidase Curve for MEML, MEAC, MEAV, MECS,
and MENL.
MEML= Methanol extract of Morinda lucida leaves, MEAC= Methanol extract of Alchornea cordifolia leaves,

MEAV = Methanol extract of Anthocleista vogelli leaves, MECS= Methanol extract of Cassia sieberena leaves,
MENL= Methanol extract of Nauclea latifolia leaves

3.8 Inhibitory Effect of the various Concentrations
of the Extracts on the Activity of Aldose Reductase

The extracts also produced a concentration- dependent
inhibitory effect on aldose reductase activity. MEAC

had the least IC50 value (92.20 μg/ ml) while MECS
had the highest value (162.10 μg/ ml). The IC50 of
MEML, MEAV and MENL were estimated to be
137.30 and 130.50 μg/ ml respectively.
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Figure 7:Concentration-Percentage Inhibition of Aldose Reductase Curve for MEML, MEAC, MEAV, MECS,
and MENL.
MEML= Methanol extract of Morinda lucida leaves, MEAC= Methanol extract of Alchornea cordifolia leaves,

MEAV = Methanol extract of Anthocleista vogelli leaves, MECS= Methanol extract of Cassia sieberena leaves,
MENL= Methanol extract of Nauclea latifolia leaves
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3.9 Inhibitory Effect of the Various Concentrations
of the Extracts on the Activity of Angiotensin
Converting Enzyme (ACE)

A concentration- dependent inhibitory effect on ACE
activity was observed. MENL had the least IC50 value

of 58.76 μg/ ml while MEAV had the highest value of
159.10 μg/ ml. MEML, MEAC and MECS had IC50

values of 69.47, 146.9 and 100.30 μg/ ml. The IC50 of
the standard drug, Captopril was estimated to be 63.26
μg/ ml.
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Figure 8: Concentration- Percentage Inhibition of ACE Curve for MEML, MEAC, MEAV, MECS, and
MENL.
MEML= Methanol extract of Morinda lucida leaves, MEAC= Methanol extract of Alchornea cordifolia leaves,

MEAV = Methanol extract of Anthocleista vogelli leaves, MECS= Methanol extract of Cassia sieberena leaves,
MENL= Methanol extract of Nauclea latifolia leaves

4. 0 Discussion

The preliminary qualitative phytochemical analysis
showed that the extracts of the plants contain
alkaloids, phenols, flavonoids, steroids, saponins and
tannins. Phytochemicals are known to exhibit
physiological activity (Lachman et al., 1989). Phenolic
acids and flavonoids are well known subclass of
phytochemical principles with antioxidant properties
and are used for the treatment of various ailments
(Barnes, 2001). In this study, the methanol extract of
Morinda lucida had the highest (178 ±2.3 μg GAE /g)
estimated total polyphenol content while the extract of
Cassia sieberena had the least (70 ±1.7 μg GAE /g)
polyphenol content. Phenolic compounds exhibit
antidiabetic properties through various mechanisms
such as inhibition of carbohydrate digestion (by
inhibiting alpha amylase and alpha glucosidase),
glucose absorption in the intestine; stimulation of

insulin secretion from pancreatic- β-cells, modulation
of signaling pathways and gene expression among
others (Bahadoran et al., 2013).

The total flavonoid content of the extracts followed
the same trend as the total polyphenolic content, the
extract of Morinda lucida had the highest (48 ±0.9 μg
QE /g) total flavonoid content while the extract of
Cassia sieberena had the least (26 ±0.5 μg QE /g)
flavonoid content.  Flavonoids, due to their redox
abilities contribute to the total antioxidant activity.
The mechanisms of the antioxidant activity of
flavonoids in cells include neutralizing free radicals
and preventing decomposition of hydroperoxides into
free radicals that subsequently damage cells (Li et al.,
2009) and hence, have potential in the management of
diabetic complications (Kim et al., 2016).
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The DPPH assay further confirms the antioxidant
capacity of the aforementioned phytochemicals. DPPH
assay is generally used method to evaluate the free
radical scavenging power of medicinal plants. The
DPPH radical involves a hydrogen atom transfer
process (Kaviarasan et al., 2007). The result of DPPH
scavenging activity indicates that the extracts contain
compounds that are capable of donating hydrogen to a
free radical in order to remove odd electron which is
responsible for radical's reactivity. The methanol
extract of Morinda lucida again showed the highest
antioxidant activity with a value of 185±3.2 μg TE/g
while cassia sieberena showed the least (71 ±0.9 μg
TE/g) total antioxidant activity.  To further establish
the relationship between the total polyphenols, the
flavonoids contents and the antioxidant activity, a
correlation analysis carried out showed a strong
positive correlation between the antioxidant activity
and the polyphenols contents (r2 = 0.9028) and
between total flavonoids contents and in vitro
antioxidant activity (r2 = 0.8007). Increased levels of
reactive oxygen species are seen in diabetic patient.
Hyperglycemia coupled with oxidative stress favors
glycation reactions and subsequently contributes to the
diabetic complications and other degenerative
diseases. This study demonstrated that the extracts
particularly Morinda lucida possess relatively good
radical scavenging property and hence could be useful
in the prevention and management of diabetic
complications.

A modern therapeutic approach to the management of
diabetes and its related complications is the inhibition
of starch metabolizing enzymes such as -amylase and

- glucosidase (Shim et al., 2003) as this will slow
down the catabolism of starch into glucose and
ultimately moderate the blood glucose level (Kwon et
al., 2007). As presented in this study, the extracts
showed a concentration-dependent inhibition of -
glucosidase activity. It was observed that the extract of
Morinda lucida had the least median inhibitory
concentration (IC50) (49.95μg/ ml), hence the most
potent inhibitor of - glucosidase activity.
Interestingly, this IC50 value was significantly (p<
0.05) lower than that of the standard drug (Acarbose)
used. Acarbose had an IC50 value of 64.45μg/ ml. This
observation is therapeutically important, as the extract
can be employed in the management of diabetes and
its complication, thereby avoiding some of the side
effects associated with the use of synthetic -amylase
and -glucosidase inhibitors. Tannins and
polyphenolic principles from plant extracts have
shown significant inhibition of this enzyme
(McDougall et al., 2005). Therefore, the presence of

tannins, alkaloids and flavonoids present in the plant
extracts may be responsible for this observed activity.
Prolonged hyperglycemia leads to channeling of
glucose into polyol pathway. Aldose reductase reduces
glucose to sorbitol and then subsequently metabolized
to fructose by sorbitol dehydrogenase. Normally this
accounts for less than 3% of glucose consumption.
However, in the presence of high glucose, the activity
of this pathway is substantially increased and could
represent up to 30% of total glucose consumption.
Sorbitol changes the osmolar balance inside the cell
leading to osmotic damage of the cell, and also use of
NADPH for the pathway results in depletion of the
NADPH thus resulting in oxidative stress (Giugliano
et al., 1996). Thus controlling flux through polyol
pathway is a potential target for the control of sorbitol
biogenesis. Aldose reductase is a rate limiting enzyme
for the pathway hence aldose reductase inhibition can
be potentially used to treat diabetic complication in the
early stage. The extracts also produced a
concentration- dependent inhibitory effect on aldose
reductase activity. The extract of Alchornea cordifolia
had the least IC50 value of 92.20 μg/ ml, hence the
most potent inhibitor of aldose reductase activity.
This value is significantly (p< 0.05) smaller compared
to those of the other extracts. Plant phytochemicals
particularly flavonoids and polyphenols as well as
sugar derivatives are found to be effective in inhibiting
aldose reductase enzyme (Hsieh et al., 2010).

Similarly, the inhibition of Angiotensin- 1 converting
enzyme (ACE) activity is a modern therapeutic
approach in the management of hypertension which is
one of the complications associated with type- 2
diabetes (Kwon et al., 2006). ACE catalyses the
conversion of angiotensin- I to angiotensin- II, a
potent vasoconstrictor implicated in the elevation of
blood pressure (Ahnfelt-Ronne, 1991). Therefore the
inhibition of ACE is useful in the management of
hypertension. The extracts inhibited ACE activity in
vitro in a concentration- dependent manner. Nauclea
latifolia with IC50 value of 58.76 μg/ ml showed the
highest inhibitory action against ACE activity. The
extract showed better inhibition than the standard
drug, Captopril with an estimated IC50 of 63.26 μg/ ml.
This extract therefore, could be employed as an
alternative ACE inhibitor thereby avoiding some of
the side effects associated with the use of syntheticACE inhibitors.
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5.0 Conclusion

All the extracts possess antioxidant activity as well as
inhibitory action on -glucosidase, aldose reductase
and angiotensin converting enzyme activities.
However, there were variations in the activities of the
extracts. Morinda lucida had the highest antioxidant
activity and it was the most potent inhibitor of -
glucosidase activity, Alchornea cordifolia was the
most potent against the activity of aldose reductase
while Nauclea latifolia was the most potent inhibitor
of ACE activity. These plants individually or as a
polyherbal formulation, could be useful in the
management of diabetic complications. However,
further investigations are recommended.
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