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ABSTRACT

The aim of this study was to evaluate the in-vitro inhibitory potential of various leaf extracts of
Justicia carnea on alpha-amylase and alpha-glucosidase activities and the anti-diabetic activity of
the ethanol leaf extract using albino wistar rats. The analyses were carried out using standard
biochemical methods. The oral acute toxicity test (LDs) in rats of the ethanol leaf extract was
determined using Lorke’s method. Diabetes was induced in the rats by a single intraperitoneal dose
of 120 mg/kg. b.w of alloxan. Six (6) experimental groups of rats (n=6) were used for the study.
Three groups of diabetic rats received oral daily doses of 200 mg/kg, 400 mg/kg and 600 mg/kg
ethanol leaf extract of Justicia carnea respectively while gilbenclamide (5 mg/ml); a standard
diabetic drug was administered to a specific group. Treatment lasted for 14 days. From the results
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of the in-vitro inhibitory activity, the different extracts of Justicia carnea demonstrated dose
dependent strong inhibitory activity against a-amylase but moderate inhibitory activity against a-
glucosidase. The ethanol leaf extract was the most potent inhibitor of both a-amylase and a-
glucosidase in comparison with other extracts and acarbose; the standard. The ethanol leaf extract
exhibited maximum of 82.18% inhibition with 1Csq of 2.99 + 1.14 mg/ml for a-amylase and 41.66%
with 1Csg of 9.66 mg/ml + 0.32 mg/ml for a-glucosidase. From the analysis of the Lineweaver-Burk
plot, the ethanol leaf extract exhibited mixed noncompetitive inhibition of a-amylase and
competitive inhibition of a-glucosidase activities. The acute toxicity study showed that the extract
had an LD50 > 5000 mg/kg. From the result of the anti-diabetic study, the fasting blood glucose
levels significantly (p<0.05) decreased in the animals treated with the ethanol leaf extract of
Justicia carnea when compared to the untreated rats. It can be concluded from the results that the
leaf extracts of Justicia carnea can be used in the management of diabetes.

Keywords: Diabetes; anti-diabetic; inhibition; alpha-amylase; alpha-glucosidase; Justicia carnea.

1. INTRODUCTION

Justicia carnea is a flowering plant that belongs
to Acanthaceae family with common names such
as Brazilian plume flower, flamingo flower,
Brazilian-plume, and Jacobinia [1]. Justicia
carnea is a specie of Justicia; the largest genus
of Acanthaceae family [2]. Few species of
Justicia have been studied (36 species of
approximately 600 cataloged species), with
fifteen species found in America, thirteen species
in Asia, and eight species in Africa [2]. The
Acanthaceae family is known as an important
source of therapeutic drugs [2]. Several of the
studied species are used widely in traditional
medicine in the treatment of gastrointestinal and
respiratory diseases as well as inflammation,
rheumatism and arthritis [3]. Other uses include
as hallucinogens (for their effects on the central
nervous system), sedatives and analgesics in
the treatment of headache and fever [4,5],
anticancer [6], tooth ache, digestive, weaning
agent, laxative [7] and in the management of
diabetes [8.9]. Many chemical classes have
been isolated from the species of Justicia; such
as flavonoids, alkaloids, vitamins, essential oils,
salicylic acid and fatty acids [10].

Justicia carnea; found Nigeria, is among the
plants commonly referred to as “hospital-too-far”
owing to local beliefs of offering cure to many
illnesses. Even though it is not listed as a
treatment for diabetes mellitus in the village
investigated. This plant was picked for this study
which was as a result of its history of usage in
traditional medicine. Herbal preparations
containing this plant are usually prepared by
boiling in water. Studies on the plant revealed it
contains high level of iron to support its usage as
a blood-booster in anemic conditions and sickle-
cell anemia, treatment of fever and malaria [11].
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Diabetes mellitus is the commonest metabolic-
disorder of the endocrine system with prolonged
high blood glucose with predisposition to
macrovascular  (heart disease, ischaemic,
peripheral vascular disease and stroke) and
microvascular (nephropathy, retinopathy and
neuropathy) damage [12]. It is a growing health
concern and epidemic in the world.
Approximately 171 million people in the world
have diabetes in 2000 and estimated to reach
366 million people by 2030 [13]. The estimated
prevalence of diabetes in Africa is 1% in rural
areas, 7% in urban sub-Sahara Africa, and 8-
13% in more developed areas [14]. Data from
the World Health Organization (WHO) suggests
that Nigeria has the greatest number of people
living with diabetes in Africa [12]. The prevalence
is said to vary from 0.65% in rural North to 11%
in urban south [15].

Mammalian a-amylase is a well-known enzyme
in the pancreas which catalyzes the catabolism
of insoluble and large starch molecules into
maltose [16]. While a-glucosidase situated in the
mucosal brush border of the small intestine
catalyzes the last stage of breakdown of
disaccharides and starch [17]. Postprandial
hyperglycemia plays important role in
development of type 11 diabetes mellitus and the
chronic complications associated with the
disease. Inhibitors of a-amylase and o-
glucosidase retard the rate at which
carbohydrate is broken down in the small
intestine and reduce the postprandial blood
glucose levels in diabetic patients [18]. The
inhibition of these two enzymes has been
established as an effective and useful strategy to
reduce the levels of postprandial hyperglycemia
[19]. Oral anti-diabetic agents are first choice of
treatment for diabetes as they are more
convenient and effective for glycemic control, but




they come with their attendant side effects [20].
Natural alpha- amylase and alpha-glucosidase
inhibitors from nutritional and therapeutic plants
can be used as a potent therapy for treatment
and management of postprandial hyperglycemia
with fewer side effects. Screening of a-amylase
and a-glucosidase inhibitors from natural
sources is increasing and so it is pertinent to
examine the ability of Justicia carnea to inhibit
these enzymes. Therefore, the aim of this study
was to screen the various extracts of Justicia
carnea leaf for inhibitory activity against alpha
amylase and alpha glucosidase as well as
evaluate the anti-diabetic activity.

2. MATERIALS AND METHODS
2.1 Plant Material

The leaves of Justicia carnea were obtained
from Umunta village, Obi Ngwobi community in
Isiala Ngwa South local government area of Abia
State, Nigeria. It was identified in the Department
of Forestry, Michael Okpara University of
Agriculture, Umudike, Abia State, Nigeria.

2.2 Preparation of Plant Extracts

The leaves of Justicia carnea were shade-dried,
crushed using a mechanical grinder into a
coarse powder and stored in air tight containers.
The powder was then divided into three parts
(100 g each) and was extracted in various (500
ml) solvents (methanol, ethanol and aqueous).

2.3 Plant Material Extraction
2.3.1 Aqueous extract

One part of the powdered sample was
macerated in distilled water. The extract was
centrifuged at 10,000 rpm for ten minutes to get
the supernatant from which the aqueous extract
of Justicia carnea was prepared at a
concentration of 10 mg/ml.

2.3.2 Methanol extract

One part of the ground sample was extracted by
stirring with methanol at 25°C, soaked for 72 h
and filtered using Whatman No.4 filter paper.
The residue was then evaporated at 40°C to
dryness. Dried extracts were weighed and
dissolved in dimethylsulphoxide (DMSO) to
obtain methanol extract of Justicia carnea at a
concentration of 10 mg/ml, and stored at 4°C for
further use.
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2.3.3 Ethanol extract

One part of the ground sample was extracted by
stirring with ethanol at 25°C, soaked for 72 h and
filtlered through Whatman No.4 paper. The
residue was then evaporated at 40°C to dryness.
Dried extracts were weighed and dissolved in
dimethylsulphoxide (DMSO) to obtain ethanol
extract of Justicia carnea at a concentration of
10 mg/ml, and stored at 4°C for further use.

2.4 Alpha-amylase Inhibitory Assay

Alpha-amylase inhibitory activity of the extracts
was carried out using starch-iodine method as
described by Mahomoodally et al. [21] and
Kotowaroo et al. [22] with slight modifications.
Alpha-amylase activity can be measured in-vitro
by degradation of starch by a-amylase. This
process was quantified using iodine, which gives
blue-black colour with starch. The reduced
intensity of blue-black colour shows the enzyme-

induced hydrolysis of starch into
monosaccharides. If the substance/extract
possesses o-amylase inhibitory activity, the

intensity of blue-black colour will be more. That
is, the intensity of blue-black colour in test
sample is directly proportional to a-amylase
inhibitory activity [23].

Thus, using graded concentrations of plant
extracts (2-10 mg/ml); 100 ul of extract was pre-
incubated with 100 pl of enzyme solution at room
temperature for 15 min. 3 ml soluble starch
solution (1% starch) and 2 ml phosphate buffer
were added to the reaction mixture. The
reaction mixture was incubated at room
temperature for 1h. At timed interval aliquot
(0.1 ml) from the reaction mixture was put into 10
ml iodine solution and mixed. The absorbance of
the starch-iodine solution was measured at

565nm. Alpha-amylase inhibitory  activity
was calculated as percentage inhibition
thus;

% inhibition = [(Aq -A)/Ac] X 100;

Ao and A; are the absorbance of starch-iodine
solution at t = 0 min and t = 60 min, respectively
[21]. Controls without plant extracts were
considered to contain 100% enzyme activity.
Acarbose was used as positive reference
control. Extract concentrations at 50% inhibition
of enzyme activity (ICs)) were determined
graphically. Plant extracts were compared based
on their ICx, values.



2.5 Mode of a-amylase Inhibition

This was conducted using the extract with the
least ICsq according to the method of Ali et al.
[24]; with some modifications. Two hundred and
fifty microliters (250 pl) of the ethanol leaf extract
(2 mg/ml) was pre-incubated with 250 pl of a-
amylase solution at 25°C for 10 mins in a set of

test tubes. In another set of test tubes, a-
amylase was also incubated with 250 ul of
phosphate buffer (pH 6.9). At increasing

concentrations (0.30 — 5.0 mg/mL), 250 ul of
starch solution was added to both sets of
reaction mixtures to start the reaction followed by
incubation for 10mins at 25°C. Five hundred
microliters (500 pl) of dinitrosalicylic acid (DNS)
was added to stop the reaction and boiled for
5mins. The absorbance was read at 575 nm and
the amount of reducing sugars released was
determined using and maltose standard curve
and converted to reaction velocities. Lineweaver-
Burk plot of 1/V versus 1/[S] was plotted; v is the
reaction velocity and [S] is substrate
concentration. The mode of inhibition of the
extract on a-amylase activity was determined by
analysis of the Lineweaver-Burk plot. Kinetic
parameters namely, the Michaelis-Menten
constant affinity (Km) and maximum velocity
(Vmax), were derived.

2.6 Alpha Glucosidase Inhibition Assay

The a-glucosidase inhibitory
assessed by measuring the
nitrophenol from paranitrophenyl a-D
glucopyranoside [25]. paranitrophenyl a-D
glucopyranoside (5 mM, 0.3 ml) was added to1.0
ml of sodium phosphate buffer (0.1 M, pH: 6.9),
0.2 ml of enzyme solution (0.5 mg/ml) and 0.2
ml of extract (varying concentrations of 2-10
mg/ml), all in a final volume of 1.7 ml. Following
an incubation period of 30 minutes at room
temperature, the reaction was terminated by the
addition of 2.0 ml of 0.2 M sodium carbonate.
The liberated p-nitrophenol was determined at
400 nm using spectrophotometer. The %
inhibition rates were calculated thus;

activity was
release of 4-

% Inhibition (Absorbance Control
Absorbance Test / Absorbance Control) X
100.

Suitable reagent blank and inhibitor controls
were also carried out and subtracted. Control
tubes contained only buffer, enzyme and
substrate, while in positive controls acarbose
replaced the plant extracts. Concentrations of
extracts resulting in 50% inhibition of enzyme
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activity  (ICsg  values) were determined
graphically. Different plant extracts were
compared on the basis of their ICs, values
estimated from the dose response curves.

2.7 Mode of a-glucosidase Inhibition

The type of inhibition of plant extracts on a-
glucosidase action was determined by increasing
PNPG concentration following the modified
method of Ali et al. [24]. The extract with the
lowest 1Csp was used. Briefly, 50 ul of the (2
mg/ml) extract was pre-incubated with 100 pl of
a-glucosidase solution for 10 mins at 25°C in one
set of tubes. In another set of tubes a-
glucosidase was pre-incubated with 50ul of
phosphate buffer (pH 6.9). 50 ul of PNPG at
increasing concentrations (0.63 — 2.0 mg/mL)
was added to both sets of reaction mixtures to
start the reaction. The mixture was then
incubated for 10 minutes at 25 °C, and 1000uL
of Na,CO3; was added to stop the reaction. The
amount of reducing sugars released was
determined  spectrophotometrically using a
paranitrophenol standard curve and converted to
reaction velocities. A double reciprocal plot (1/V
versus 1/[S]) where V is reaction velocity and [S]
is substrate concentration was plotted. The type
(mode) of inhibition of the extract on a-
glucosidase activity was determined by analysis
of the double reciprocal (Lineweaver-Burk) plot
using Michealis-Menten kinetics.

2.8 Animal Study

The animal studies were carried out according to
the method of Chandira and Jayakar [26] with
slight modification.

2.8.1 Experimental animals

A total of 36 Wistar albino rats were purchased
from Chris Farm at Mgbakwu, Awka North LGA,
Anambra State and acclimatized for a week
during which they were fed with standard feed
and distilled water ad libitum. At the end of the
one week, the animals were weighed and their
initial blood glucose was recorded using finetest
glucometer.

2.8.2 Plant material extraction

One kilogram (1 kg) of the ground sample was
soaked in 10 L of 70% ethanol. This was allowed
to stay for 48hours after which it was filtered
using three layer muslin cloth first, then with
Whatman No. 4 filter paper with the aid of a
vacuum pump. The filtrate was concentrated on



a water bath at 60 degrees Celsius and
redisolved at a concentration of 600 mg/ml and
stored in refrigerator at 4 degrees Celsius until
further use.

2.8.3 Acute toxicity test

The 24 hours oral acute toxicity test (LDsg) was
carried out using the method of Lorke [27]. The
study was done in two phases. In the first phase,
9 animals were grouped into three (n=3) and the
ethanol leaf extract of Justicia carnea was
administered at low doses of 10 mg/kg, 100
mg/kg and 1000 mg/kg respectively to each
group. They were observed for 48 hrs for signs
of gross change in behavior, toxicity and death.
Then in the second phase, another set of
animals were grouped into three groups (n=1)
and were given three different high doses of the
extract at 1600 mg/kg, 2900 mg/kg and 5000
mg/kg respectively. They were also observed for
any sign of toxicity or death.

2.8.4 Study design

Six (6) animals were randomly selected, placed
in a separate cage and labeled as normal group.
The remaining 30 animals were administered
intraperitoneally with 120 mg/kg body weight of
alloxan dissolved in ice-cold normal saline. This
was allowed to stay for 48 hours after which the
blood glucose was checked again and recorded
as post-induction blood glucose level. Animals
with blood glucose level above 200 mg/dl were
taken as diabetic and were grouped into 5
groups of six animals each. Thus:

Group A: This group was given 200 mg/kg of
Justicia carnea extract orally, the standard feed
and distilled water.

Group B: This group was given 400 mg/kg of
Justicia carnea extract orally, the standard feed
and distilled water.

Group C: This group was given 600 mg/kg of
Justicia carnea extract orally, the standard feed
and distilled water.

Group D: This group was given 5 mg/kg of
glibenclamide orally, the standard feed and
distilled water.

Group E: This group was the positive control,
they were diabetic and were given standard feed
and distilled water.

Group F: The normal control group.
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The blood glucose level of the animals in each
group was taken daily by drawing blood from the
tip of their tail and measured using Finetest
glucometer for 14 days. Their weights were also
measured using electronic balance.

2.9 Determination of Body Weight

The weights of the rats were checked before and
after induction of diabetes as well as during the
course of the treatment on weekly basis using an
electronic weighing balance.

2.10 Statistical Analysis

Statistical analysis was performed using
GraphPad Prism 7  statistical package
(GraphPad Software, USA). Values were

expressed as mean + SD. Statistical significance
of the results between groups was determined
using one way analysis of variance (ANOVA).
Differences between means were considered
significant at P<0.05.

3. RESULTS
3.1 a-amylase Inhibition Assay

The result of the inhibitory activity of different
extracts of Justicia carnea on a-amylase activity
are shown in Table 1. The a-amylase inhibition
was found to be dose-dependent. The three
extracts demonstrated strong activity against a-
amylase. However, the ethanol extract showed
stronger inhibitory activity of 82.18% inhibition at
10mg/ml with 1Csy of 2.99 +1.14 mg/ml when
compared to other extracts and acarbose.

3.2 Mode of Inhibition of a-amylase

The Lineweaver-Burk plot was generated to
determine the mode of inhibition of the enzyme
and the result showed that the ethanol leaf
extract of Justicia carnea inhibited a-amylase in
a mixed non-competitive manner as shown in
Fig. 1. There was an increase in Km and a
reduction in Vmax. In the presence of the extract
the Km was increased from 0.85 mg/ml to 0.89
mg/ml while the Vmax was reduced from 0.44
mg/ml.min'1 to 0.30 mg/ml.min'1.

3.3 a-glucosidase Inhibition Assay

In the study, the three extracts were found to
possess moderate a-glucosidase inhibitory
effects (Table 2). The a-glucosidase
effectiveness of the extracts was compared on
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the basis of their resulting 1Csy values. At a
concentration of 8mg/ml, the ethanol extract
showed a maximum inhibition activity of 41.66%
with an ICsq value of 9.66 mg/ml. The aqueous
extract was the second most potent and showed
inhibitory activity of 20.40% with ICsy value of
20.03mg/ml. Acarbose; the reference inhibitor
showed inhibition activity of 40.35% with an ICs
value of 9.0 mg/ml.

3.4 Mode of a-glucosidase Inhibition

The Lineweaver-Burk plot as shown in Fig. 2
depicts that the mode of inhibition of a-
glucosidase by the ethanol extract (the most
potent extract) of Justicia carnea is a near
competitive type. The Vmax values were 0.54
and 0.53 mg/ml.min'1 in the presence and
absence of the extract while the Km values were
0.70 and 0.48 mg/ml in the presence and
absence of the extract respectively.

3.5 Animal Experiment

3.5.1 Weight of the animals

The weights of the animals taken on weekly
basis are presented in Table 3. There was a
significant improvement (p<0.05) in the weight of
the animals treated with the ethanol leaf extract
in the second week of the experiment compared
to the weight in the first week and at the
commencement of the experiment. The weight of
the untreated diabetic group reduced when
compared with the extract treated groups.

3.5.2 Acute toxicity test

Acute toxicity studies showed that the ethanol
leaf extract of Justicia carnea had an oral LDsy >
5000 mg/kg. No physical signs of gross
behavioral changes were observed and no death
was recorded.

Table 1. The percentage inhibition of alpha-amylase by different extracts of Justicia carnea
and acarbose (the reference inhibitor) at varying concentrations

Concentration

Percentage inhibition

(mg/ml) Acarbose Justicia carnea Justicia carnea Justicia carnea
ethanol methanol aqueous
2 59.51£10.1 68.84+13.38 61.60£13.11 61.77+9.63
4 62.8949.01 70.99+11.75 65.4448.81 65.18+8.68
6 66.75+3.11 75.66+7.83 70.97+4.57 69.82+5.91
8 69.00£3.31 79.67+6.57 73.17£8.15 73.66+3.51
10 72.45+£3.26 82.18+6.48 76.89+2.85 79.51+1.14
ICsq 4.07+0.83 2.99+1.14 3.66+0.83 3.63+0.81
<
€
)
E
>
~
- & CONTROL
W EXTRACT
-8 -3 5 2
4 -
_6 J

1/[S] (mg/ml)

Fig. 1. Mixed inhibition of a-amylase by ethanol extract of Justicia carnea
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Table 2. Percentage inhibition of alpha-glucosidase by different extracts of Justicia carnea and
acarbose (the reference inhibitor) at varying concentrations

Concentration

Percentage inhibition

(mg/ml) Acarbose Justicia carnea Justicia carnea Justicia carnea
ethanol methanol aqueous
2 5.95+0.14 14.57+0.09 2.91+£0.15 6.74+0.04
4 32.23+0.05 18.99+0.015 4.59+0.10 6.84+0.05
6 34.66+0.09 32.00+0.04 9.40+5.27 16.04+£0.03
8 40.35+0.13 41.66+0.03 12.31+0.34 20.40+1.84
10 37.43+£0.10 22.96+0.05 11.304£0.24 15.33+0.20
I1Csq 9.0+0.03 9.66+0.32 33.14+6.09 20.03+1.23
- 15 -
=
£
E 10 -
Eo & CONTROL
= 5 | W EXTRACT
~
(o
-15 -10 -5 ( 5 10
_5 -
-10 -

1/[S)(mg/ml)

Fig. 2. Competitive inhibition of a-glucosidase by ethanol extract of Justicia carnea

Table 3. Effect of ethanol leaf extract of Justicia carnea on body weight of diabetic rats

Groups Initial weight (g) Post induction 15" week (99 2" week (g)
weight (g)
200mg/kg extract 184.89+4 .17 178.00+4.34 195.00 £2.73  204.00 +0.18
400mg/kg extract 212.16+5.86 220.67+4.36 195.00+2.18 210.00+4.14
600mg/kg extract 230.97+3.45 232.00+2.41 226.00+2.21  229.00+0.00
5mg/kg Glibenclamide  175.00+5.01 172.00+2.43 165.00£1.19  176.00+3.89
Diabetic untreated 189.50+1.28 187.00£0.12 182.00£3.56  178.50+0.00
Normal Control 165.81+3.24 171.75+£2.16 170.00+4.13  186.00+4.87

Values are presented as mean +SD

3.5.3 Determination of anti-diabetic activity

The result obtained in the inhibitory potential of
the ethanol leaf extract of Justicia carnea on a-
amylase and a-glucosidase activities prompted
us to perform an in-vivo anti-diabetic study with
the ethanol leaf extract in view to establish its
anti-diabetic activity. The results of the anti-
diabetic activity which are expressed as change
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in daily blood glucose levels are presented in
Table 4. The diabetic groups treated with ethanol
leaf extract of Justicia carnea showed significant
(p<0.05) reduction in blood glucose levels. The
blood glucose levels were reduced considerably
within 14 days of extract administration. At all the
doses tested, there was a significant difference
(a=0.05) between the treated groups and the
untreated group but there was no significant
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Table 4. Fasting blood glucose levels of the extract treated rats groups and the control groups measured daily for 14 days

200 mg 400 mg 600 mg Normal Glibenclamide Untreated
Initial 62+4.24° 62+0.89 69+2.12 86+3.01 77+2.32 82+1.14°
Post Induction 470+11.21° 600+13.21 430+6.99 1244210 600+14.12 600+13.15°
Day 1 370+3.46° 600+10.56° 430+4.45° 1071.0 600+12.23%° 523+7.81°
Day2 296+0.00° 590+3.21° 3735.12° 89+2.00 600+8.67* 523+9.13°
Day3 290+4.21° 463+3.30° 295+5.10° 93+3.10 523+11.1% 489+12.31°
Day4 290+12.12 382+0.00° 274+4.10° 1012.21 368+4.31% 490+6.12°
Day5 238+2.30° 317+3.10° 243+3.32° 89+2.20 364+3.12% 490+4.10°
Day6 23045.22° 280+0.91° 225+10.21° 76+0.89 361+3.10% 471+3.11°
Day 7 200+3.25° 255+2.30° 223+2.10° 8112.10 282+5.19% 461+5.02°
Day 8 200+0.00° 255+0.00° 220+1.00° 87+4.21 276+4.21% 410+3.15°
Day 9 195+9.10° 232+5.11° 220+0.00° 98+2.20 160+2.20%° 400+1.09°
Day 10 181+1.32° 200+4.21° 212+3.23° 100+3.12 151+3.7%° 398+3.98°
Day 11 171+0.00° 162+1.89° 198+2.10° 90+3.30 111£3.11%° 390+2.20°
Day 12 168+3.10° 141+2.12° 182+4.12° 85+2.10 90+3.21% 390+0.00°
Day 13 161+1.12° 132+3.78° 180+0.00° 89+2.20 101+1.13%° 388+0.00°
Day 14 140%4.45° 98+2.22° 180+0.00° 90+1.90 90+1.10% 282+0.00°

Values are presented as mean + SD. Means with the same letter(s) are not significantly different at p<0.05
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difference between the group treated with the
ethanol leaf extract of Justicia carnea and that
treated with glibenclamide, a standard anti-
diabetic drug. However, at 600 mg/kg dose, there
was a significant difference between the extract
treated groups and that treated with
glibenclamide. The standard drug showed a
better glucose lowering capacity compared to the
extract at this dose.

4. DISCUSSION

Diabetes is considered as one of the world's
greatest health problems that affects about 171
million people and most dominated by those
suffering from type Il diabetes [28]. Management
of the blood glucose level is a critical strategy in
the control of diabetes and its complications [29].
One of the approaches used in therapy for
reducing postprandial hyperglycemia is the
inhibition of the enzymes involved in the
metabolism of carbohydrates [30]. Inhibitors of
these enzymes have been effective oral
hypoglycemic drugs for the control of
hyperglycemia in Type |l diabetic patients [31].
They do this by retarding breakdown of
carbohydrate and thereby prolonging the overall
carbohydrate breakdown time leading to
decrease in the rate of glucose absorption and
decreasing the postprandial blood glucose rise
consequently [32]. Therefore, natural products
are good sources of such inhibitors and many
have been reported for their anti-diabetic
activities in traditional medicine for the treatment
of diabetes.

In the present study, the leaf extracts of Justicia
carnea were investigated for their a-amylase and
a-glucosidase inhibitory potential. The extracts
showed appreciable inhibition of a-amylase with
moderate inhibition of a-glucosidase. The
ethanol leaf extract was the most potent inhibitor
of the two enzymes. From documented
phytochemical analysis, the plant was shown to
contain bioactive compounds such as phenol and
flavonoids which are known to inhibit enzyme
activity  [33,34,35]. From the curve of
Lineweaver-Burk plot, the ethanol leaf extract
displayed a mixed non-competitive mode of
inhibition of a-amylase. This can be seen from
the increase in Km value from 0.85 mg/ml in the
absence of extract to 0.89 mg/ml in the presence
of extract while the value of Vmax was reduced
from 0.44 mg/ml.min™" to 0.30 mg/ml.min™ in the
absence and presence of the extract
respectively. From this result, it implies that the
active components in the ethanol leaf extract do
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not compete with the substrate for binding to the
active site rather the inhibitors bind to a separate
site on the enzyme to delay the breakdown of
carbohydrates [36]. The ethanol leaf extract also
displayed a near competitive mode of inhibition
of a-glucosidase. The effect of a competitive
inhibitor is to decrease the apparent affinity (Km)
of the enzyme for its substrate without any effect
on the reactivity (Vmax) of the enzyme-substrate
complex once formed [37]. Thus, competitive
inhibition causes an increase in the Km value but
does not affect Vmax. This was confirmed by the
approximately the same Vmax values of 0.53
mg/ml.min™ and 0.54 mg/ml.min”" obtained in the
absence and presence of the extract
respectively. Further, the Km value was
increased from 0.48 mg/ml in the absence of the
extract to 0.70 mg/ml in the presence of the
extract thereby decreasing the apparent affinity
of the enzyme. The result implies that the active
components of the extract compete with the
substrate for binding to the active site of the
enzyme, thereby preventing or delaying the
breakdown of carbohydrates [38].

From the result of the animal study, the acute
toxicity test indicated that the extract had LDsg
greater than 5000 mg/kg. This shows a wide
margin of safety and the extract is not toxic at
acute level. Alloxan produced loss of body weight
in all the diabetic groups as seen 48 h post
induction when compared to the normal control in
Table 3. The result of the second week of extract
treatment revealed that all the three extract
doses of 200, 400 and 600 mg/kg groups showed
significant improvement in body weight
compared to the untreated diabetic control.

The result of the anti-diabetic study conducted
for 14 days showed that there was a significant
(p<0.05) reduction in the fasting blood glucose
level of the groups of animals treated with the
ethanol leaf extract of Justicia carnea compared
to the untreated diabetic group. In this study it
was observed that on administration of alloxan,
diabetes was induced which caused significant
increase in blood glucose levels as shown in
Table 4 at post-induction. Alloxan-induced
hyperglycemia has been a useful experimental
model to study the effect of anti-diabetic agents
against diabetes mellitus [39]. Alloxan enters the
pancreatic beta cells through the GLUT2 glucose
transporter. In the presence of glutathione an
intracellular thiol, alloxan produces reactive
oxygen radicals in a cyclic redox reaction further
producing dialuric acid as its reduction product
[40]. Through autoxidation, dialuric acid



generates hydroxyl radicals, superoxide radicals
and hydrogen peroxide. These hydroxyl radicals
cause death of the beta cells, which have a low
anti-oxidative  defense capacity and the
consequent insulin-dependent ‘alloxan diabetes’.
Alloxan as a thiol reagent also inhibits
glucokinase; the beta cell glucose sensor by
selectively preventing glucose-induced insulin
secretion. As seen in Table 4 of this study, blood
glucose levels were higher in alloxan induced
groups than in the normal group. Following the
administration of ethanol leaf extract of Justicia
carnea with doses of 200 mg/kg b.w., 400 mg/kg
b.w and 600 mg/kg.b.w there was significant
(p<0.05) decrease in blood glucose levels when
compared to the untreated diabetic control group
within the days of administration. It was also
observed that as the blood glucose Ilevel
reduces, the body weight also increases. The
reduction in blood glucose level may be due to
regeneration of B cells in pancreas which is in
agreement with the view that regeneration of
cells causes reduction in blood glucose levels
[41].

The ethanol leaf extract of Justicia carnea
reduced the elevated fasting blood glucose level
in rats. The mechanism of the anti-diabetic
effects of the extracts as shown was through
inhibiton of the two key carbohydrate
metabolizing enzymes; alpha-amylase and alpha
glucosidase. This ability might be due to
presence of antioxidant phytochemicals like
flavonoids, polyphenols, and tannins, which acts
as a free radical scavengers [33,42,43].
Polyphenols are known to interact with proteins
and can inhibit enzyme activity [44]. The
polyphenols have been reported to inhibit alpha-
amylase and alpha- glucosidase associated with
lipid peroxidation and type Il diabetes [45].

5. CONCLUSION

From this study, it can be concluded that the leaf
extracts of Justicia carnea are potent inhibitors of
a-amylase and a-glucosidase. It was observed
that they competed favorably with the reference
inhibitor (acarbose). Moreover, the ethanol
extract was the most potent of all the extracts
tested, and this could be that the ethanol extract

has  higher concentration of inhibitory
phytochemicals as several scientific reports
highlight the inhibitory action of plant

phytochemicals on a-amylase. The ethanol leaf
extract with doses of 200, 400 and 600 mg/kg
body weight had anti-diabetic effects on alloxan-
induced albino rats. The result of the in vivo
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study has validated its glycemic control ability.
Therefore, extracts of Justicia carnea may be
useful in drug formulations for the treatment and
management of diabetes mellitus.
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