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Abstract

The study was designed to investigate the ameliorative effect of phytochemicals in the extract of Justicia secunda (JS) on hyperglycaemia, the antioxidant status
of alloxan-induced diabetic rats, and inhibitory potential on two important diabetes mellitus-associated proteins-alpha-amylase and alpha-glucosidase. At the same time
to evaluate the anti-arthritic and antibacterial of the sample. The extract at doses of 200 mg/kg and 400 mg/kg was used to evaluate hyperglycaemia and antioxidants
using wistar rats model. There was a significant decrease (p < 0.05) in blood insulin concentration levels observed in the diabetic control group relative to normal control,
while treated groups showed relatively normal concentration levels. A significant increase (p < 0.05) in blood glucose concentration levels was observed in the diabetic
control group relative to the normal control. There was a reversal of the elevated blood glucose upon treatment with JS when compared to the diabetic control. There was a
significant decrease (p < 0.01) in Malondialdehyde (MDA) levels in all test groups relative to the diabetic control group. Glutathione (GSH) status, Glutathione S-transferase
(GST) and catalase activities showed a significant increase in all test groups, relative to diabetic control. It was observed that 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-
pyran-4-one, and 3-amino-4-methoxybutyric acid are potential inhibitors of alpha-amylase while 1-(1-adamantyl)-3-(dimethylamino)-1-propanone, 2-(2-hydroxypropyl)-1,4-
benzenediol, and 3-amino-4-methoxybutyric acid are potential inhibitors of alpha-glucosidase. Interestingly, phytochemicals in JS were shown to be a stable dual inhibitor
of both a-amylase and a-glucosidase. Anti-arthritic potential values were ranged between 24.50-80.00%. The Zone of inhibition in the antibacterial assay was between 0.7-
30.0 mm. Galvinoxyl and DPPH IC, values of the extract were 50.0 ugml” each. The results of this study showed that the leaf of Justicia secunda possesses phytochemicals
that significantly reduce blood glucose and ameliorate oxidative stress evidenced in diabetic rats. This plant may therefore serve as an excellent alternative therapy for the
management of diabetes mellitus, arthritic and bacterial-related health problems and be formulated food or drug supplement.
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Introduction

Phytochemicals provide an alternative approach for the
controland treatment of diseases and health problems, due tothe
various side effects or resistance associated with conventional
drugs [1,2]. Edible medicinal plants have been used by man
from the beginning of human civilization as health remedies
for human and animal diseases because they contain a moiety
of therapeutic value [3,4]. Most of these natural products from
plants are also used for prophylactic purposes [5,6]. Recently,
it has been observed on a global scale that medically there is an
increase in the use of natural products as remedies for different
therapeutic purposes and most of the secondary metabolites
have been incorporated into modern medicinal drugs [7].

Diabetes mellitus, a metabolic disorder, has been associated
with elevated blood glucose and oxidative stress which play
a major role in its pathogenesis and progression. Several
attempts to manage the condition with orthodox medicine
have been limited because of side effects observed with the use
of these drugs [8,9].

Justicia secunda Vahl belongs to the family Acanthaceae
[10]. The aerial parts (leaves and stems) of the plant are used
to prepare natural purple tisane or tea for the treatment of
amenorrhea and dysmenorrhoea in African nations [11,12]. The
plant is also used traditionally to treat anaemia, abdominal
pain, shortage of blood, healing infected wounds, pharyngitis,
gingivitis, bronchitis, topical ulcers, gastrointestinal disorders,
respiratory tract infection, fever, pain, diarrheal, liver diseases,
rheumatism, arthritis [13,14].

To the best of our knowledge, there is a paucity of
information on the phytochemical and therapeutic potential of
the leaf extract of J. secunda (JS). Therefore, the present study
was undertaken with the aim of looking into the phytochemical
analysis, anti-diabetic, antioxidant, anti-arthritic, and
antimicrobial potential of the leaf extract of J. secunda (JS)
grown in Nigeria.

Materials and methods
Collection and identification of the sample

The leaves of the plant were collected at Harmony
Estate, Ondo, Nigeria where it was grown as a vegetable. The
researchers obtained permission to collect and scientifically
investigate the medicinal plant. The sample was identified
and authenticated as Justicia secunda Vahl (Acanthaceae) by Mr.
Esimehhuai Donatus of the Department of Botany, University
of Ibadan, Nigeria. The voucher specimen of the sample was
deposited in the herbarium. The herbarium number for the
sample is UIH-22999.

Preparation of leaf extract

Air-dried pulverised leaves were macerated and extracted
with methanol and ethyl acetate (2:1) for at least 3 days with
intermittent shaking after which it was subjected to filtration
and the concentrated extract was refrigerated until use [15].
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Evaluation of pH of the Leaves

2 g of the fresh leaves of JS was ground to paste and then
extracted using 20 cm? of distilled water. The pH of the aliquot
leaves solution was measured using a digital pH meter [15].

Gas Chromatography-Mass Spectrometry (GC-MS) ana-
lysis

The GC-MS analysis of the leaf extract of JS was carried
out by means of a GCMS-QP2010 Plus (Shimadzu) system
equipped with an AOC-20i auto sampler. The separations were
carried out using Restek Rtx-5MS fused silica capillary column
(5%-diphenyl-95%-dimethylpolysiloxane) of 30 mx 0.25 mm
internal diameter (di) and 0.25 mm in film thickness [16].

Experimental animals

The animals used for this study were locally bred male
Wistar rats from the University of Medical Sciences (UNIMED),
Ondo Animal House. The animals were acclimatized for 1 week
and maintained under the standard environmental conditions
on 12 h-day/night cycle and given rat feed and water ad libitum.
They were then pre-treated every morning through the oral
route of administration with the JS leaf extract for 2 weeks [3].

Experimental design

In this experiment, a total of twenty-five (25) rats with body
weights ranging from 80-120g were used in the experiment.
The Wistar rats were divided into five groups of five rats each
and were distributed in cages. The experimental animals were
grouped as follows:

Group 1: Normal control (Distil water)
Group 2: Diabetic control (Distil water)

Group 3: Diabetic sterile rats treated with 200mg/kg body
weight aqueous fraction of JS extract.

Group 4: Diabetic sterile rats treated with 400mg/kg body
weight aqueous fraction of JS extract.

Group 5: Diabetic sterile rats treated with 5mg/kg
Gibenclamide.

Induction of diabetes mellitus

Diabetes was induced by administering a single dose of
100mg/kg of alloxan via the intraperitoneal route. After three
days, their blood glucose level was measured using a glucometer
with the threshold being 250mg/dl glucose level [17].

Blood samples collection

The animals were euthanized and sacrificed by cervical
dislocation and blood samples were collected. The pancreas
was also excised and homogenized in phosphate buffer
and centrifuged at 10,000 rpm for 5 minutes to obtain the
supernatant preserved at 4 °C for insulin and antioxidant
assays [18].
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Insulin test

Insulin assay is a blood test that is used to evaluate insulin
production by the beta cells in the pancreas.

Procedure: Serum insulin obtained from the whole blood was
used for this assay. The microplate was coated with a capture
antibody specific to insulin. The capture antibody solution (25
pl) was then added and the plate was washed with a buffer (400
ul). It was then blocked with Bovine serum albumin (BSA) to
avoid non-specific binding and then incubated for 1-2hrs. An
insulin standard was prepared and the samples and standards
were diluted in a dilution buffer. A detection antibody labelled
with (100 ul) HRP (Horseradish peroxidase) was added so as
to bind to the captured insulin. It was then incubated and the
capture and detection antibodies were allowed to bind the
insulin in the samples. The plates were then washed with a
suitable wash buffer to remove unwanted/unbound material.
A substrate solution (200 pl) was then added. The reaction
produced a colour change proportional to the amount of insulin
present. A stop solution (50 pl) using an acidic solution was
added to stop the colour development reaction. A plate reader
was used to measure the absorbance of each well at 450nm
wavelength [19].

Blood glucose test

This works with the principle of amperometry, where the
peak current obtained during an electrochemical reaction,
maintaining a constant potential between the electrodes is
taken as an indicator of the concentration of the analyte. The
glucometer determines the concentration of glucose in the
solution.

Assessment of lipid peroxidation

Using the pancreasasalipid-rich medium, lipid peroxidation
was determined by measuring the formation of Thiobarbituric
Acid Reactive Substances (TBARS) present in the test sample.
The absorbance of the pink-coloured complex formed upon
reaction with the chromogenic reagent, 2-thiobarbiturate, was
read at 532nm with the use of a spectrophotometer [3].

Estimation of reduced glutathione (GSH) level

The method described by Onifade, et al. [3] was followed
in estimating GSH level. The absorbance of the yellow colour
formed upon the addition of Ellman’s reagent was read within
30 minutes at 412 nm with the use of a spectrophotometer.

Alpha-amylase and alpha-glucosidase anti-diabetic as-
says

Phytochemicals and protein crystal structures retrieval and
preparation: The 2D structures of twenty-six (26) compounds
that have been characterized from our GC-MS analysis of
leaf extract J. secunda (JS) were mined from PubChem online
database (https://pubchem.ncbi.nlm.nih.gov/). Using the
LigPrep tool in the Maestro, Schrédinger suite, the structures
were prepared into 3D structures and dockable formats by
adding hydrogen atoms, ionizing at pH (7.2 0.2), and removing
salt with Epik. For ionization and tautomeric state creation, the
OPLS3 force field was used [20].

https://www.biolscigroup.us/journals/journal-of-clinical-microbiology-and-biochemical-technology 8

The X-ray crystallographic structures of two diabetes
mellitus-associated proteins-alpha-amylase and alpha-
glucosidase-in complex with their inhibitors (PDB ID: 4GQR
and 3A4A) were retrieved from the Protein Data Bank (https://
www.rcsb.org/). The structures were prepared using the
Protein Preparation Wizard tool of Maestro, Schrodinger Suite;
hydrogen bonds were added and optimized at pH 7.0 and
minimized using the OPLS3 force field. For each protein target,
the inhibitor-present at the active site of the protein-provided
insight into the dockable binding regions of the protein to
screen for potential inhibitors from the JS phyto-compound
library generated herein above. The docking grid was generated
around the regions using the Glide Receptor Grid Generation
tool of the Maestro, Schrodinger suite by selecting the co-
crystalized ligand [21].

Molecular docking

The molecular docking was performed using the Glide
Ligand Docking tool on Maestro 11.1 [22].

MM/GBSA

The Molecular Mechanics/Generalized Born Surface Area
(MM/GBSA) continuum solvent model was used to determine
the docked protein-ligand complex binding free energy. To
complete this project, rotamer search techniques from the
prime were used in conjunction with the OPLS3 force field and
the VSGB solvent model [23].

ADMET study

To establish the pharmacokinetic profile, drug-likeness,
and toxicity, the hit compounds from docking were subjected
to Absorption, Distribution, Metabolism, Excretion, and
Toxicity using the SwissADME (http://www.swissadme.ch)
and the Pro-Tox II web servers (https://tox-new.charite.de/
protox_I1/), respectively [24].

Determination of anti-arthritic protein denaturation (Egg
albumin assay)

The anti-arthritic activity of JS extract was determined
using the fresh hen’s egg albumin assay; where aspirin was
used as a reference compound [25].

Determination of In vitro Antibacterial Potential

The in vitro antibacterial potential of JS extract was
determined using Agar-well diffusion assay [25].

In vitro Antioxidant Activities

(i) Galvinoxyl radical scavenging assay: The Galvinoxyl
antioxidant and free radical scavenging of JS extract
were measured according to the method described by
Ololade and Anuoluwa [26] with slight modifications.

(ii) Evaluation of antioxidant using 2,2’-Diphenyl-1-
picrylhydrazil (DPPH): The DPPH antioxidant and free
radical scavenging of the JS extract was determined
according to the method of Ololade and Anuoluwa, et

al. [26].
[T ]
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(iii) Evaluation of Total Antioxidant Capacity (TAC):
The TAC of JS leaf extract was determined by the
phosphomolybdenum assay; where ascorbic acid was
used as a reference compound [27].

Evaluation of total lycopene and beta-carotene contents

The evaluation of total lycopene and beta-carotene contents
of the JS leaf were evaluated following the method described by
Theagwam, et al. [28].

Evaluation of total chlorophyll content

The evaluation of the total chlorophyll content of the JS leaf
was estimated following the method described by Zhang, et al.
[29].

Evaluation of Polyphenol Content (PC)

Folin-Ciocalteu reagent was used to measure the PC of the
JS extract [25].

Evaluation of Total Flavonoid Content (TFC)

Aluminium chloride (AIC13) solution was used to determine
the TFC of JS extract [25].

Evaluation of Tannin Content (TC)

FeCl3/gelatine test was used to estimate the TC of the
extract using tannic acid as standard [25].

Evaluation of Total Ascorbic Acid (TAA)

2,4-dinitrophenylhydrazine (2,4-DNPH) was used to
estimate the TAA of JS extract using ascorbic acid as standard
[25].

Results and Discussions
pH of the leaves of J. secunda (JS)

The aliquot obtained from JS leaf had moderate acidic
properties with a pH of 5.8. This is within the threshold limit
range of pH 3.40-6.10 which assures consumption of the plant
materials [30].

Chemical constituent of the leaf extract of J. secunda
(JS)

From the GC-MS analysis of JS leaf extract, twenty-six
(26) therapeutically active organic compounds were identified.
This accounted for 99.6% of the secondary metabolites in the
extract (Table 1), and the principal phytochemicals identified
were: 1-(1-adamantyl)-3-(dimethylamino)-1-propanone
(15.0%), olean-12-en-28-al (14.5%), trans-phyto (12.0%),
i-propyl-9-tetradecenoate (7.5%), oleic acid (5.5%), 2-amino-
1-nitro-3,3,3-trifluoropropane (5.0%) and Z-10-pentadecen-
1-0l(5.0%). The secondary metabolites identified in this study
were entirely different from what was obtained from related
species and other members of the Acanthaceae family [31].
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Table 1: Chemical Composition of the Leaf Extract of J. secunda (JS).

Retention Percentage
Compound i
Index Composition

2-amino-1-nitro-3,3,3-trifluoropropane 714 50
trans-1,1,3,4-tetramethylcyclopentane 856 3.5
3,5-dihydroxy-6-methyl-2,3-dihydro-4H- 1269 3.0
pyran-4-one
3-amino-4-methoxybutyric acid 1304 2.0
(52)-5-tetradecene 1372 0.5
(42)-4-tetradecene 1421 0.2
1-(7-brom0bic;lrc;<;?r;1o.|0]hept-7-y|)-1- 1434 0.5
dihydro-B-agarofuran 1514 4.0
1—(1—adamantzlr)(;z—a(:i)n;:thylamino)J - 1537 15.0
11-tridecen-1-ol 1564 0.2
2-(2-hydroxypropyl)-1,4-benzenediol 1596 3.5
Z-10-pentadecen-1-ol 1763 5.0
i-propyl-9-tetradecenoate 1822 7.5
(R)-(-)-14-methyl-8-hexadecyn-1-ol 1907 1.0
2-dodecyl-1,3-propanediol 1934 0.2
palmitic acid 1968 2.5
trans-phytol 2045 12.0
(4Z2,132)-4,13-octadecadien-1-ol 2069 1.5
methylpetroselinate 2085 3.0
15-hydroxypentadecanoic acid 2111 3.5
18-nonadecen-1-ol 2143 0.5
oleic acid 2175 5.5
1,4-bis[5-(4-bromophenyl)furyl]-1-butene 3436 0.5
methyl 13-cyclopentyltridecanoate 2120 3.5
phytol, acetate 2168 1.5
olean-12-en-28-al 2886 14.5
Percentage Total 99.6

Result of anti-diabetic biochemical assays

This study revealed that JS was able to alleviate alloxan-
induced diabetes mellitus depicted by the reduced blood glucose
levels at the end of the treatment period. The dose-dependent
reduction in blood glucose concentration also showed that
JS is a more effective anti-hyperglycaemic agent at a higher
dose of 400mg/kg body weight. The result of the serum insulin
concentration levels in alloxan-induced diabetic male Wistar
rats treated with JS extract for a period of two weeks. There
was a significant decrease (p < 0.01) in insulin concentration
levels in the diabetic control group relative to normal control.
However, the treated groups showed no significant changes in
insulin concentration levels relative to normal control (Figure
1). Figure 2 shows the result of the blood glucose concentration
levels in alloxan-induced diabetic male Wistar rats treated with
JS extract for a period of two weeks. There was a significant
increase (p < 0.0001) in glucose concentration levels in diabetic
control relative to normal control. Conversely, there was a
dose-dependent decrease in blood glucose levels in the JS-
treated groups relative to the diabetic control rats, although
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the decrease was not as in normal rats. Figure 3 shows the
result of the pancreatic MDA concentration in alloxan-induced
diabetic male Wistar rats treated with JS extract for a period of
two weeks. There was a significant increase (p < 0.001) in MDA
levels in diabetic untreated rats relative to normal control. On
the contrary, there was a dose-dependent decrease in MDA
level in the group treated with doses of JS extract relative to
normal control. Moreover, there was no observable difference
in MDA concentration level in the group treated with higher
doses (400mg/kg) of JS relative to normal control. Figure 4
shows the result of the pancreatic GSH concentration level
in alloxan-induced diabetic male wistar rats treated with JS
extract for a period of two weeks. A significant decrease was
observed (p < 0.001) in pancreatic GSH levels in the diabetic
control group relative to normal control. Dose-dependent
elevation of GSH was observed in the rats administered doses
of JS extract compared to the diabetic control. In Figure 5, GST
activity was significantly low in the diabetic control in contrast
to the normal control. Meanwhile, upon treatment with JS
extract doses, there was a significant improvement in enzyme
activity when compared with the diabetic control. Figure 6
showed that catalase activity was significantly reduced in
the diabetic control when compared to the normal. Whereas,
treatment with doses of JS extract showed significant dose-
dependent enhancement of the enzyme activity compared to
normal control.
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Figure 1: Effect of JS extract on insulin levels in alloxan-induced diabetic rats.

400 —

e e e

300 —

200 — *x

100 —

Glucose concentration (mg/di)

Figure 2: Effect of JS extract on glucose concentration levels in alloxan-induced
diabetic rats.

https://www.biolscigroup.us/journals/journal-of-clinical-microbiology-and-biochemical-technology 8

LPO JSE

MDA (Molimg protein)

Figure 3: Effect of JS extract on MDA levels in alloxan-induced diabetic rats.

GSH JSE
20

GSH (mmol/mg protein)
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Figure 5: Effect of JS extract on Catalase activity in alloxan-induced diabetic rats.

Increased level of malondialdehyde (MDA) observed in the
diabetic control group relative to the normal control may be
indicative of alloxan-induced oxidative stress which resulted
from the excessive generation of free radicals (Figure 3). The
increased GSH level observed in groups treated with JS relative
to diabetic control is indicative of its anti-oxidant properties
which help prevent GSH depletion, thus increasing GSH levels
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Catalase JSE (Figure 4). This decrease was also seen to be dose-dependent,
37 o thus showing that the anti-oxidants properties of the extract
" 1 were more effective at a higher dose concentration. The

increase in activities of other antioxidant parameters such as
GST and catalase (Figures 5,6) in the JS-treated rats relative to
the diabetic control, is in tandem with the elevated level of GSH
o and reduction in MDA levels in JS-treated animals in previous
results.
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Result of alpha-amylase and alpha-glucosidase anti-
diabetic assays

The molecular docking result showed that 1-(1-adamantyl)-
3-(dimethylamino)-1-propanone, 3,5-dihydroxy-6-
methyl-2,3-dihydro-4H-pyran-4-one, and 3-amino-4-
methoxybutyric acid are potential inhibitors of alpha-amylase

Figure 6: Effect of JS extract on Catalase activity in alloxan-induced diabetic rats.
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Figure 7: 2D Interaction of Hit Compounds with the Amino Acid Residues at the Active Sites of the Targets.
1A - 2D interaction of 1-(1-adamantyl)-3-(dimethylamino)-1-propanone and alpha-amylase; 1B — 2D interaction of 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one and
alpha-amylase; 1C — 2D interaction of 3-amino-4-methoxybutyric acid and alpha-amylase; 1D - 2D interaction of alpha-amylase co-crystallized ligand and alpha-amylase;

2A - 2D interaction of 1-(1-adamantyl)-3-(dimethylamino)-1-propanone and alpha-glucosidase; 2B — 2D interaction of 2-(2-hydroxypropyl)-1,4-benzenediol and alpha-
glucosidase; 2C - 2D interaction of 3-amino-4-methoxybutyric acid and alpha-glucosidase; 2D - 2D interaction of alpha-glucosidase co-crystallized ligand and alpha-
glucosidase.
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with their docking scores close to that of alpha-amylase co-
crystalized ligand. The docking scores of the hit compounds
compared with the co-crystalized ligand are; -6.230, -4.456,
-4.240, and -7.342 respectively (Figures 7 and 8). In the same
vein, 1-(1-adamantyl)-3-(dimethylamino)-1-propanone,
2-(2-hydroxypropyl)-1,4-benzenediol, and 3-amino-4-
methoxybutyric acid are predicted potential inhibitors of
alpha-glucosidase with docking scores close to the co-
crystallized ligand docking score. The docking scores of these
compounds compared with the co-crystallized ligand docking
score are; -8.011, -6.408, -5.935, and — 8.910 respectively. The
differences in the docking scores were pictorially represented
in Figure 9.
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The MM-GBSA method is a more precise methodology
to estimate the free binding energies (AG) of protein-ligand
complexes [32]. A negative AG value means the complexes
generated were stable in the target’s binding pocket [33].
All hit compounds show a negative AG value, however,
1-(1-adamantyl)-3-(dimethylamino)-1-propanone tends
to be more stable at the active site of the targets by having
a AG value very close to the co-crystalized ligands values.
The AG values of the hit compounds and the co-crystalized
ligands are represented pictorially in Figure 9. This suggests
that 1-(1-adamantyl)-3-(dimethylamino)-1-propanone could
be a stable dual inhibitor for both alpha-amylase and alpha-
glucosidase.
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Figure 8: 3D Interaction of Hit Compounds with the Amino Acid Residues at the Active Sites of the Targets.

1A - 3D interaction of 1-(1-adamantyl)-3-(dimethylamino)-1-propanone and alpha-amylase; 1B — 3D interaction of 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one and
alpha-amylase; 1C — 3D interaction of 3-amino-4-methoxybutyric acid and alpha-amylase; 1D - 3D interaction of alpha-amylase co-crystallized ligand and alpha-amylase;
2A - 3D interaction of 1-(1-adamantyl)-3-(dimethylamino)-1-propanone and alpha-glucosidase; 2B — 3D interaction of 2-(2-hydroxypropyl)-1,4-benzenediol and alpha-
glucosidase; 2C - 3D interaction of 3-amino-4-methoxybutyric acid and alpha-glucosidase; 2D — 3D interaction of alpha-glucosidase co-crystallized ligand and alpha-
glucosidase.
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Figure 9: Representation of the Docking Score and MM/GBSA of Hit Compounds and Targets.

Moreover, the interactions between a ligand and a
combination of several amino acid residues at a target’s active
site determine significant inhibition in a typical inhibitory
potential study like this [34]. The interaction which contributes
greatly to the inhibitory potentials of hit compounds against
alpha-amylase as represented in Figures 7 and 8 showed that;
1-(1-adamantyl)-3-(dimethylamino)-1-propanone shows a
hydrogen bond with GLU 233 and salt bridges with ASP 197 and
GLU 233; 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-
4-one has a hydrogen bond with GLN 63; and 3-amino-4-
methoxybutyric acid exhibits hydrogen bonds with ARG 195,
ASP 197 and GLU 233 and additionally shows salt bridges with
ASP 197 and GLU 233. Nonetheless, the alpha-amylase co-
crystallized ligand shows a hydrogen bond with GLU 233 and
Pi-pi stacking with TRP 59 and TRP 58.

The interaction which contributes greatly to the inhibitory
potentials of the hit compounds against alpha-glucosidase as
represented in Figure 7 also showed that; 1-(1-adamantyl)-3-
(dimethylamino)-1-propanone has a hydrogen bond with GLU
277, pi-cation with TYR 72, and salt bridges with ASP 352, ASP
69 and ASP 215; 2-(2-hydroxypropyl)-1,4-benzenediol have
pi-pi stacking with PHE 178 and hydrogen bonds with GLU 277,
ASP 352, and ASP 69; and 3-amino-4-methoxybutyric acid has

hydrogen bonds with GLU 277, ASP 215, and ARG 422, a pi-
cation bond with PHE 178 and salt bridges with ASP 69, ASP
215, and ARG 213. Notably, alpha-glucosidase co-crystallized
ligand has hydrogen bonds with ASP 352, ARG 213, ARG 442,
ASP 215, ASP 69, and HIS 112.

Furthermore, the Absorption, Distribution, Metabolism,
Excretion, and Toxicity screening of the hit compounds reveals
that 1-(1-adamantyl)-3-(dimethylamino)-1-propanone and
2-(2-hydroxypropyl)-1,4-benzenediol tends to be more
lipophilic than other compounds including the co-crystalized
ligands. The ESOL model of water solubility shows that all the
compounds including the co-crystalized ligands are soluble in
water. This means the compounds can move well in systemic
circulation [35]. The Lipinski rule of five for drug-likeness
shows that all the compounds are drug-like (Table 2). The rule
is valid when mol. MW < 500, QPlogPo/w < 5, donor HB < 5,
acceptor HB < 10 [36]. Also, any drug molecules satisfying the
‘rule of five’ with a BA score of 0.55 are considered sufficiently
absorbable via the oral route;[37] all the compounds except
3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one also
showed a positive bioavailability score (Table 2). Most of the
hit compounds showed a higher level of GI absorption than
the co-crystalized ligands, and the compounds with high GI
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absorption tend to cross the lumen of the intestine better
(Table 3). Although the pharmacokinetic studies showed
that 1-(1-adamantyl)-3-(dimethylamino)-1-propanone and
2-(2-hydroxypropyl)-1,4-benzenediol are drug-like, they are
predicted to cross the blood-brain barrier which may render
them ineffective at their target tissue (Table 4). Further study
showed that alpha-glucosidase co-crystallized ligand is a
substrate of P-glycoprotein, this will eventually lead to low
efficacy due to the protein drug efflux action. Interestingly,
none of the compounds inhibit the selected CYP isoforms;
this implies that the compounds would not cause drug-drug
interaction [38].

Generally, ProTox-II places chemical compounds into 6
classes of toxicity (Table 3), with Class 1 being the most toxic
and Class 6 being the least toxic. The toxicity test showed
that our hit compounds are less toxic with LD, ranging from
toomg/kg to 5000mg/kg, being placed in Class 4 while alpha-
amylase co-crystallized ligand falls into Class 3, hence, more
toxic with LD,, of 158mg/kg (Table 4). Nevertheless, alpha-
glucosidase co-crystallized ligand is neither toxic, carcinogenic,
nor hepatotoxic. The toxicity test also showed that alpha-
amylase co-crystallized ligand is carcinogenic, whereas our hit
compounds are not carcinogenic and hepatotoxic (Tables 3, 4).

Anti-arthritic and anti-inflammatory potential of JS

Leaf extract of JS showed significantly high (IC50 of
80.00 ngml-1) anti-arthritic/anti-inflammatory potential
against protein denaturation in a dose-dependent manner,
80.00+0.01, 78.00+0.10, 51.70+0.03 and 24.50+0.02 at various
concentrations C1-C4 (500, 250, 125, 62.5 pgml-1), respectively
(Figure S1), as compared to the aspirin with percentage

Table 2: Physicochemical Properties, Bioavailability and Drug-Likeness.
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inhibition of 90% at concentration of 3 mgml-1. The arthritic/
anti-inflammatory activities may be due to the synergistic
effects of the chemical composition of the leaf extract.
Rheumatoid arthritis is a chronic disease that causes serious
and painful irreversible joint damage decreased expectancy
of life and workability, considerable disability, and may
even increase mortality [39,40]. It was reported in previous
studies that drugs derived from plants that can interact with
the mediators of inflammation are used in the treatment of
rheumatoid arthritis [41,42].

Antibacterial potential

The antibacterial screening of the leaf extract of JS gave a
wide range of zones of inhibition against the tested strains of
fourteen (14) multi-drug resistant Gram-positive and Gram-
negative bacteria. The zones of inhibition of the leaf extract
of JS showed high activities from sensitive to ultra-sensitive
as compared to gentamicin antibiotics. The extract was active
against all the tested bacteria with high ZI, AI, and RPI% values;
07-30.0 mm, 0.6-15.0, and 36.0-311.4, respectively (Figure
S2-S6). The antibacterial evaluations were rated as resistant
(--), not sensitive (<8 mm), sensitive (9—14 mm), very
sensitive (15-19 mm) and ultrasensitive (>20 mm). Among the
tested bacteria, the extract had zones of inhibition of 30 mm,
respectively on K. pneumoniae and S. marcescens which indicated
that K. pneumoniae and S. marcescens were highly susceptible
compared to the other tested bacteria within the concentration
of 1000 pgml-1 of JS in this study. As depicted in Figures 4-8,
other highly susceptible bacterium at 1000 ngml-1 were Bacillus
sp (20 mm), E. coli(20 mm), M. varians (20 mm), P. mirabilis (18
mm), P.stuartii (18 mm), S. dysenteriae (18 mm), S. agalactiae
(18 mm), E. faecalis (15 mm), S. aureus (15 mm), S. saprophyticus

m Consensus Log P ESOL Log S ESOL Class Bioavailability Score Rule Of Five

1-(1-adamantyl)-3-(dimethylamino)-1-

236.37 1.74

propanone
3,5-dihydroxy-6-methyl-2,3-dihydro-4H- 143.12 0.21

pyran-4-one
3-amino-4-methoxybutyric acid 133.15 -2.14
Alpha-amylase co-crystalized ligand 318.24 0.79
2-(2-hydroxypropyl)-1,4-benzenediol 168.19 1.14
Alpha-glucosidase co-crystalized ligand 180.16 -2-23

Table 3: Pro-Tox Il Toxicity Profile of Test Compounds.

-2.62 Soluble 0.55

-0.49 Soluble 0.85 0
1.85 Soluble 0.55 0
-3.01 Soluble 0.55 1
-1.89 Soluble 0.55 0
1.15 Soluble 0.55 0

GI absorption | BBB permeant | Pgp substrate | CYP1A2 inhibitor | CYP2C19 inhibitor | CYP2C9 inhibitor | CYP2D6 inhibitor | CYP3A4 inhibitor
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High Y
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Table 4: SwissADME Pharmacokinetic Profiles of the Test Compounds.

Toxicity
compound class Carcinogenicity| Hepatotoxicity

-(1-adamantyl)-3
(dlmethylamlno) -1-
propanone
3,5-dihydroxy-6-methyl-
2,3-dihydro-4H-pyran-
4-one

400mg/kg 4

595mg/kg 4

3-amino-4-
methoxybutyric acid
Alpha-amylase co-
crystalized ligand
2-(2-hydroxypropyl)-1,4-
benzenediol
Alpha-glucosidase co-
crystalized ligand

5000mg/kg 4

159mg/kg 3 +

2000mg/kg 4

23000mg/kg 6

Key note: Active (+), Inactive (-)

Table 5: Antioxidant Potential of the Leaf Extract of JS.

Extract and Reference Drug IC,, ugml™” -“

GALV 50.0
DPPH 50.0 0.8 -
TAC - - 531.54+0.00ugmg’

(15 mm), S. typhimurium (14 mm) and P. aeruginosa (11 mm).
At the concentration of 500 pgml-1 of the leaf extract, the
bacteria inhibition activities were very high in K. pneumoniae
(30 mm) and S. marcescens (30 mm), E. coli (20 mm), M. varians
(18 mm), P. stuartii (18 mm), S. dysenteriae (18 mm), Bacillus sp
(16 mm), E. faecalis (15 mm), P.mirabilis (15 mm), S. aureus (15
mm), S. saprophyticus (15 mm), S. typhimurium (14 mm) and P.
aeruginosa (11 mm). The zone of inhibition of the extract at the
concentration of 250 pgml-1 was significantly different when
compared to 1000 and 500 pgml-1 of the extract for the tested
bacteria. At a lower concentration of 250 pgml-1 of the extract,
K. pneumoniae (30 mm) and S. marcescens (20 mm), M. varians
(18 mm), E. faecalis (15 mm), P. mirabilis (15 mm), S. aureus (15
mm), S. dysenteriae (15 mm), P. stuartii (14 mm), S. typhimurium
(14 mm), S. saprophyticus (12) and P. aeruginosa (11 mm) were
more susceptible to the activities of the synergic activities of
the secondary metabolites in the leaf extract, most especially
the phenolic compound and the terpenoids. The activity index
(AI) values are useful in determining the potential of the
extract compared to the respective standards. The leaf extract
investigated in this study had a higher antibacterial activity than
the extract of a related species such as the essential oil obtained
from the leaf of Justicia schimperiana (Acanthaceae) which has
no obvious activity against E. coli and B. subtilis from Northern-
Central Ethiopia [43]. Moreover, synergistic actions of all
phytochemicals in the extract also contributed tremendously
to the antibacterial activities observed in this study. The
development of resistance to conventional antimicrobials has
been a serious issue in the invention of new drugs for both
acute and chronic diseases. Therefore, scientists globally are
now seeking natural antimicrobial drugs from plant origins
with no or very low side effects due to bacteria resistance to
common synthetic and conventional drugs, malicious use of
antimicrobial drugs, and high rates of allergies coupled with
side effects [44,45].
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Results of phytochemicals antioxidant potential

(i) In vitro galvinoxyl free radical scavenging assay: The
galvinoxyl percentage radical scavenging of the leaf
extract of JS at varying concentrations (1000. 500, 250,
125, and 62.5 pgml-1) were 96.00, 96.00, 88.62, 62.68,
and 44.93% respectively. The JS gave IC50 and AAI
values of 50.0 pgmL-1 and 0.8 respectively (Table 5).
The extract had similar galvinoxyl antioxidant activity
close to that of ascorbic acid (reference compound),
which had an IC50 value of 15.0 pgml-1 and 2.8.
Comparatively, the leaf extract of J. secunda investigated
in this study gave a similar and promising free radical
scavenging and antioxidant activity comparable with
the rhizome methanolic extract of Curcuma longa from
Nigeria with galvinoxyl IC50 and AAI values of 25 pgml-
1and 1.68, respectively (Ololade, et al. 2020). Likewise,
the seed extract of Annona cinerea grown in Nigeria
exhibited a low inhibition concentration (IC50) of 100.0
pgml-1 and an antioxidant activity index (AAI) of 0.4
[46].

(ii) In vitro DPPH free radical scavenging assay: The DPPH
percentage inhibitions by JS at different concentrations
(1000, 750, 500, 250, 125, 100 and 62.5 pgml*) were
78.95, 59.44, 50.35, 48.25, 44.10, 30.17 and 26.00%,
respectively. JS gave an IC,, value of 50.0 ngml~ while
the ascorbic acid (reference compound) had an IC,, value
of 9.0 ngml and the AAI of the extract was 0.8 (Table
5). This reaction occurs when the electron of nitrogen in
the DPPH molecule is reduced by receiving a hydrogen
atom or single electron from antioxidants [47]. The
in vitro antioxidant potential of the leaf of the plant
used in this study is greater than those of the related
species such as the leaves, the stem, and root extracts
of some other members of the Acanthaceae family such
as B. lineriifolia, D. verticillata, D. perrotteii, H. auriculata,
L. anobrya and N. canescens from Burkina Faso which
have DPPH IC,, between 16.33-785.67 pgmL* [48]. The
lower the IC_, the higher the free radical scavenging
potential [49]. Comparatively, the extract investigated
in this study was observed to be a good natural radical
scavenger and antioxidant agent even at very low
concentrations. The results showed that the extract was
able to act effectively on a strong free radical molecule
such as galvinoxyl with the steric hindrance among
adjacent bulky groups within the galvinoxyl, the extract
of the plant was able to actively scavenge galvinoxyl
radicals effectively in a similar manner to DPPH.

Total Antioxidant Capacity (TAC)

The total antioxidant of the leaf extract of JS was found to
be moderately high (531.54+0.00 pgmg-1 AAE) as shown in
Table 5. Previous studies showed that increment of intake of
natural antioxidants from plants would ameliorate the damage
caused by reactive oxygen species, through scavenging the
initiation or propagation of oxidative chain reaction, acting
as free radical scavengers, quenchers of singlet oxygen,
and reducing agents. Moreover, natural antioxidants from
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vegetables exhibit broad therapeutic activities, such as anti-
arthritic, anti-inflammatory, anti-malaria, antibacterial, anti-
viral, anti-aging, and anti-cancer [50,51].

Evaluation of lycopene and B-carotene content

The p-carotene, lycopene, and total carotenoid content of
the JS extract were 0.14, 0.06, and 4.86 mgg-1, respectively
as shown in Figure S7. Carotenoids have been shown to
play an important role in human health [52]. Moreover, it
was reported that B-carotene ameliorates the problem of
erythropoietic protoporphyria and X-linked protoporphyria
which are characterized by sharp pain, itching, tingling,
burning sensation, erythema and swelling (oedema) resulting
from exposure and hypersensitivity of the body to UV radiation,
sunlight or some other artificial light [53].

Evaluation of total pigment content

Figure S7 showed that the quantitative amount of
chlorophyll a, b, a+ b, and total chlorophyll in the JS extract
varied significantly with the following values 21.11, 26.21, and
417.83 mgg-1, respectively. There is an increased interest
of researchers in pigments such as carotenoids from edible
vegetables due to the popular use and brilliant bioactivity of
these natural products in foods. These plant pigments exhibited
significant natural antioxidant potential against hydroperoxide
generation [54,55].

Polyphenol Content (PC)

The total phenolic content (TPC) of the JS extract was
2,313.58+0.00 pgmg-1 GAE (Figure S8). The presence of these
phenolic compounds such as 2-(2-hydroxypropyl)-1,4-
benzenediol in the leaf extract enhanced the bioactivity of the
leaf extract. The quantitative amount of polyphenol in the leaf
extract investigated in this study is higher than those reported
in other Acanthaceae families such as the methanolic leaf and
stem extracts of L. keralensis (Acanthaceae) with TPC 0f139.76
and 66.98mg GAE/g [31].

Flavonoid Content (FC)

The quantitative amount of flavonoids in JS leaf extract
evaluated in this study was 53.55+0.00 pgmg-1 QE (Figure
S8), this is comparable to the flavonoid concentration in the
methanolic leaf and stem extracts of L. keralensis (Acanthaceae)
in which flavonoid contents were 258.33 and 61.67mg RE/g [31].

Tannin Content (TC)

The evaluated amount of tannin in JS extract
Was104.90+0.00 ngmg-1 AAE (Figure S8). Proanthocyanidins
or other condensed tannins have beneficial effects on animal
and human health [15].

Ascorbic acid concentration

The leaf of JS had a high amount (43.25+0.02 pgmg-1 AAE)
of vitamin C and its derivatives present in the leaves of the
plant (Figure S8). Ascorbic acid is an essential nutrient with
potent immunity enhancement, antioxidant, bacteriostatic,
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anti-infection anti-atherosclerotic, anti-inflammatory, organ
protection, and anti-toxic properties. High-dose of ascorbic
acid improved oedema and respiratory function in critically ill
patients with severe burn injury and decreased organ failure
and rapid healing in patients after major surgery. Any food
that is high in phenolic content and antioxidants serves as
promising functional food, thus, Justicia secunda (JS) serves as
a functional vegetable and food supplement among Africans
[56].

Conclusion

In this study, J. secunda (JS) was found to have notable
pharmacological activities. The leaves of the plant indeed
possessed valuable phytochemicals, which could be exploited
to control several diseases. The possible mechanism of the
medicinal activities of the leaf of this plant may be related to
its terpenoids and phenolic compounds. It was observed that
3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one, and
3-amino-4-methoxybutyric acid are potential inhibitors of
alpha-amylase while 1-(1-adamantyl)-3-(dimethylamino)-
1-propanone, 2-(2-hydroxypropyl)-1,4-benzenediol, and
3-amino-4-methoxybutyric acid are potential inhibitors of
alpha-glucosidase when compared to the previously reported
inhibitor of each target. Interestingly, 1-(1-adamantyl)-3-
(dimethylamino)-1-propanone from J. secunda was shown to
be a stable dual inhibitor of both alpha-amylase and alpha-
glucosidase. These results showed that the leaves of the
plant studied are a potential source of dietary anti-diabetic,
antioxidant, anti-arthritic, anti-inflammatory, analgesic, and
antimicrobial agents and demonstrate the importance of this
plant in medicine and in assisting primary health care in this
part of the world. The study showed that phenolic compounds
such as flavonoids, flavanols, tannins, etc are part of the major
phytochemicals that played major roles in the therapeutic
activities of the leaf extract of the plant investigated
scientifically.
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