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ABSTRACT

Capparis spinosh. is a useful medicinal herb that has attracted attention of researchers over the years due to its
numerousbioactive components and pharmacological ace@gtiProminent among the biological activities of this herb is
antidiabetic and hypoglycemic effect. The current study evaluates the precise molecular interaction and inhibitory
potential of C. spinosghytoconstituents on humaa-amylase an@-glucosidases diabeteselated targets usingn silico
modelling and computational procedures. Among the phytoconstituents studied, we found naringin and rutin having the
highest affinities to both enzymes. However, other phytoconstituents may also work togethgnéogsstically potentiate
the antidiabetic activity. Estimated binding energies of the phytochemisafich ranged from5.2 kcal/mol to-10.8
kcal/mol,were comparable to that of control ligand (acarbose). Varied degree of hydrophobic interaction artrsuaf
hydrogen bond were established by all the phytoconstituents under this study at the substrate binding site of the enzymes.
Molecular interaction analysis showettamylase amino acid Trp59, GIn63, His101, Argl195, Asp197, Lys200, Glu233,
His299, Asp30, His305 and His309 as well aglucosidase His105, His112, Lys156, GIn170, Aspl72, Arg200, Asp202,
Leu227, Gly228, Glu271, His280, Leu300, Asn301, His332, Asp333, Val335, Tyr389 and Arg400 at the active site as essential
residues for hydrophilic intewion with the phytochemicaldn addition,” =~ A y i Sa¥3alddipkesligfechsone of the
possible contributory molecular forcesstabilizingthe enzymeligand complexebserved in the studyBased on the
binding affinity, it is suggested that rutin ammaringin contribute immensely to the enzymes inhibitiorhe aher
phytoconstituents which camalso penetrateinto the activesite of the proteins, displad similarcompetitive mechanism
of inhibition while the targefigand complex stability was mainteed by various molecular interactions. In summary, this
research provides insight into the underlying mechanism and molecular basis for the antidiabetic and hypoglycemic effects
of C. spinosaSuch mechanism includes inhibition afamylase anda-glucosicdse while rutin and naringin, which are
found in the leaves and fruits of the herb, appear as the critical antidiabetic phytochemicals of the plant. Our study
corroborates the previous reports which claim that the antidiabetic effect of the herb is cedfeon it by its
phytoconstituents and thus, validates the local us€afpinosan the management of diabetes.
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INTRODUCTION

The act of using locally available medicinal plants in the management of various ailments plighting
human health dated back into decadé3apparis spinosh. is one of the important plantshese traditional
application in the treatment of diverse type of human diseases has been known since antig8ityd1
spinosalL. (Capparaceae) (Figure 1) igesennial winterdeciduous plantshat belongs to the genus Capparis,
which is known to be maslup of 250 different species-g). The plants widely found across the globe ranging
from Europe, Asia, Madagascar, Australia to AfricaTh]s herb, which isommonly called Carpeis also
distributed in various locations including rocky areas, nylahds, and deserts of the Mediterranean
environment, Iran, Crimea, Pakistan, Armenia as well as India [4,5,7]. Peculiar charagtefrigtic plant
include its showy/pinkistivhite hermaphrodite flowers and its fleshy alternate leaves [5, 8, 9].

Fig 1. Morphology of aerial parts o€apparis spinosaA: The flever and leaves; B: the fruit [10

Gradually over the years, a high medicinal and economic value has been recogni@edporosan
diverse traditional medicines among people like the Cb@dranian, Ayurvedic, Gre@rabian and Unani. In
Africa,the herbis popularly known for its edible fruit and bud (caper berryb]1Meanwhile, the various parts
of the plant are considered as a very essential source of medicine worldwide [8]. Forcesdecoctions
made from the root bark o€. spinosare employed traditionally to treat anemia, arthritis, dropsy and gout
while the stem bark extrdds reported to be diuretic [1]1 The leaves, buds and whole roots are also used in
the treatment of &in diseases, kidney, liver diseases as well as gastrointestinal disorder. The fruits are
particularly used for the treatment of diabetes, fevegddache and rheumatism [5, 7,]1dhe root cortex of
C. spinosaghaving bitter taste, is also known for @malgesic and carminative properties. This part is also useful
as appetizer, tonic, antidiarrheic, astringent in addition to its potential to treat hemorrhoids, rheumatism and
spleen disease [8]As food source, the young shoots, buds and fruits (unripeip®) of C. spinosaare
consumed as parts of soups, sauces, jam and salads condiment as well as in other foods in the Mediterranean
region [5, 6]. ThereforeC. spinos&as many culinary uses and these discoveries altogether made thisgplant
interestingfield for research.

The presence of phytochemicals in abundance has been documentedC.fospinosamostly
polyphenolics such asalonoids and phenolic acids [13,]1# 203, Zbu and ceworkers [13 reported the
presence of biflavonoids such as ginkgeaind isoginkgetin from the plant in addition to a flavonoid
(sakuranetin). The plant is also a very good source of alkaloids and glucosinolates (glucocapparin,
glucocleomin, glucoiberin, glucocapangulin, sinigrin and glassicin) [1 As anaromatic plant, strong
flavor of C. spinoséas been attributed to its content of methyl isothiocyanate, a very pungent chemical which
is usually released after enzymatic reaction involving the mustard oil glycoside nameetghparin (methyl
glucosinolate) [18.8]. The phytochemicals identified i€. spinosaare believed to provide the health
improving benefits associated with the plant due to their various biological activities. In gehigldalical
efficacy of a plant usually depends on the type of phytocitmsits found in such plant. The hepmssesses a
wide range of pharmacological activities. Its antioxidant, antifungal, anticancinogenieinflarimatory,
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antihypertensive, antihepatotoxic, inhibition of Nd&ppa B, antidiabetic and hyperlipidemic, aelmintic,
anti-obesity, counteiirritant, antimicrobial, antimutagenic, antiociceptive effects have been extnely
documented [4, 5, B, 13

The predictions by International Diabetes Federation and World Health Organization (WHO) which
suggest a groimg burden of diabetes, with a projection that the prevalence of diabetes mellitus amongst
people between 2§79 years will rise from 285million 2010 to 439million by 2030 [19, Rhas necessitated
rigorous research into newer and more affordable metass with possibly less toxic effects for diabetes
management. Diabetes is a diseadgaracterized by elevated blood glucose level. The body of a diabetic
person either does not produce insulin in sufficient amount or is unable to effectively make iitseosfn
insulin. Since there is no current, less invasive cure for diabetes, one of the strategies employed in the
YIEYylF3SySyid 2F GKS RA&SIFAS A& AYKAOA-AnyrRst andl FlucasidaBeO K I NA R ¢
with the aid of oral hypoglycemitrugs such as acarbose aimed at regulating blood glucose level particularly in
patients wth type-2 diabetes mellitus [Z]1 This strategy is simply based on the fact that inhibition of these
enzyme holeup digestion of carbohydrate in the body and themefeextend overall carbohydrate digestion
time. The net effect is a reduction in the rate of glucose absorption and, hence, lowering the pakfpra
plasma glucose upsurge [RDver the decades, there have been frantic efforts geared towards discovery and
evaluation of platderived compounds as antidiabetic agents. Bulk of such naturathgpgrglycemic or
hypoglycemic compounds are often phytoconstituents, mostly the polyphenol&c2f. Numerous chemicals
obtained from different medicinal plant haviherefore been reported for their potentials to reduce high
plasma glucose level in diabetic animal models. The demand on natural antidiabetic preparations/products is
attracting interest due to the reported toxicity, undesirable side effects and high cbsynthetic oral
hypoglyemic candidates and insulin [25].

C. spinosas one of the antidiabetic plants used by local people around the World to manage
diabetes, and for whicn vitroandin vivoanti-hyperglycemic studies have been carried oute Tarrent study
is aimed at elucidating therecisemolecular interaction of selecte@. spinosaonstituents with diabetes
related targets §-amylase and glucosidase) and determine the inhibitory potential of these phytoconstituents
on the enzymes. Thiguly will contribute to the validation of the plant use in the management of diabetes as
well as identification of the components with major contribution towards the antidiabetic activity of the
various extracts of the plant.

MATERIALS AND METHODS
Selecton and preparation of protein structures

The starting coordinate of alpha amylase and alpha glucosidase used in this study were retrieved from
the Brookhaverprotein data bank (http://www.rcsh.org/pdb) with PDB ID: 2QV4 and 3WY1 having resolution
of 1.97A and 2.15 A respectivelfhese crystal structures were depositedMguruset al. in 2007 [28], and
Shenet al. in 2014 [29]respectively a-amylase was corystallized with acarbose while-glucosidase was
F2adzy R Ay O2YLIX SE sALKCLRIEADNBRt AO0ODBARD2EYKSHGENY! DL
829581329) for thea-amylase and-glucosidase respectively were retrieved from www.pubmed.org and used
in homology modeling as done on the Swliésdel Server (http://swissmodel.expasy.org). Theéia sites of
the macromolecules were identified with reference to the-awystallized ligands which were deleted, in
addition to the crystallographic water molecules, from the proteins before molecular docking procedures.

Ligands preparation and optimizin

A total of twentyone (21) ligands used in this docking study were selected from the literature. Out of
these compounds, twenty (20) were phytochemicals isolated fi@apparis spinosavhile the other (1)
compound served as control ligand. The chehitructures ofC. spinosgphytoconstituents: cinnamic acid
(CID: 155169), rutingD: 5464454 naringin (CID: 161087), catechin (CID: 161259), sinapic acid (CID: 155169),
vanillic acid (CID: 155169), quercetin (CID: 155169), epicatechin (CID: 155L6%ric acid (CID: 155169),
chlorogenic acid (CID: 155169), kaempferol (CID: 5280865), gallic acid (CID: 155%68)xylbenzoic acid
(CID: 155169), -Bydroxy, 4methyoxybenzoic acid (CID: 155169), 2,3 dimethylbenzoic acid (CID: 155169),
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luteolin (CID: 880445), 3 hydroxybenzoic acid (CID: 155169), isorhamnetin (CID: 5281654), sakuranetin (CID:
73571) and protocatechuic acid (CID: 72) were obtained from NCBI PubChem compound database
(http://Aww.ncbi.nlm.nih.gov/pccompound) and prepared using Marvinsket2B-coordinates of the ligands

were sketched using ChemAxon software (https://www.chemaxon.com) and, using the Conformers suit of
Marvin-Sketch, the 2D structures were converted to 3D geometry. The Merck molecular force field (WMFF9
was employed. Thed$format of the compounds were docked into the targets using AutoDock 4.2.

Molecular docking and scoring

For ligand docking and targligand complex analysis, Autodocin& suite on PYMOL was used [30,
31]. First, based on the already presentagstdlized ligand in the pdb file, the inhibitor binding site was
defined with grid parameters set at x=100, y=100 and z=100 while the coordinate of origin (x, y and z) was set
at 12.38, 48.14 and 26.21 faramylase and, 19.738.67 and 21.85 foa-glucosidae to include all the amino
acid residues at the active site. This gives enough space to enhance adequate ligand rotation and translation.
The spacing between grid points was maintained at 0.375 angstroms. All optimized ligands were docked to the
active sie of the proteins. While the rotatable bonds of the ligands were set to be free, the protein molecules
were treated as rigid structures [32]. Throughout tliis silico investigation, ten (10) docking runs were
performed for each ligand with the number ofodes set to 10 so as to achieve more accurate and reliable
results.

Data analysis

The proteinligand complexes as well as the molecular interaction were all visualized using PYMOL
and snapshots were taken. Ligplot was used to depict details of priggind interactions [33].

RESULTS AND DISCUSSION

This study featureg silicoexperimental approach to explore the inhibitory potential, binding mode
and precise molecular interaction @f. spinosghytochemicals ora-amylase andhi-glucosidase as diabete
related targets. Inhibition of these enzymes, that are directly involved in dietary carbohydrate digestion, offers
a unique approach for controlling postprandial glycemic reaction [11]. Acarbose, &ngglh inhibitor of
these enzymes, is often usedtype-2 diabetes treatment to reduce postprandial hyperglycentias known
to delay carbohydrate digestion resulting in a reduced rate of glucose uptake and absorption [34]. Figure 2 and
3 show acarbose docked to the active siteaedmylase andi-glucosilase respectively. Acarbgsehich was
employedas the control ligandh this study was found after docking experimeburied within the active site
of a-amylase andi-glucosidase with errgy value-7.5 kcal/mol and7.2 kcal/mol respectively (Table &nd
established hydrogen bond interaction with catalyticadlysential residues at the substrate binding pockets of
the targets Hence, acarbose possibly prevents substrate access to the bisithagn a similar pattern,all the
ligands docked in this rearch showed potential to bind at the active site of bodhamylase anda-
glucosidase, however with varied affinities as depicted by their binding energy values (Table 1). The binding
energy value-{.5 kcal/mol) obtained for acarbose in this study is catitfpe with the report of Metibemuet
al. [20]. Among the amino acid residues found within th& 4fa-amylaseactive site (Figure 4His299, Trp59,
Trp58, Glu233, Alal98, Asp197, Arg195, Tyr62, His101, Leu165, Asp300 and GIn63 were found to Im¢ significa
F2NJ 0KS Ay KA 6-Aniylas? yor guosidisdadarbgse domplex stability, amino acid residues

Asn301, Leu300, Asp333, Asp202, GIn170, Arg200 and Arg400 appear to be essential. Hence, they possibly play

key role in the inhibition of the enzyme.t&bugh acarbose is effective in management of t#diabetes, it

has been reported to exhibit adverse effects such as diarrhea, severe stomach pain and constipation [11, 20,
34]. Thus, natural product components which are expected to be relatively cHeap, harmful and
pharmaceutically effective arstill sought to replace this drug. Sin€e spinosas an herb with antidiabetic
efficacy the inhibitory potential and molecular interaction of its phytoconstituents aamylase anda-
glucosidase were evadted.

Out of the C. spinosgphytochemicals selected for this study, naringin, rutin, luteolin, quercetin,

isorhamnetin, sakurantin, kaempferol and catechins displayed relatively higher affiniydorylase (Table 1)
and showed reliable potential to blacsubstrate binding at the active site whereas, chlorogenic acid, luteolin,
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naringin, rutin, and kaempferol displayed strong potential to penetratglucosidase active site and occupy

the substratebinding pocket (Figure 49).
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Table 1. Molecular dockig results of screened ligands.

S/INo Ligands Diabetesrelated Binding Residues involved in hydrogen bonding
targets energy value
(kcal/mol)
1 Vanillic acid a-amylase -5.6 Glu233, Arg195, Asp300
a-glucosidase -6.0 Asp202, Gly228, Arg400
2 Sinapic acid a-amylase -6.0 Glu233, His299, Asp300
a-glucosidase -6.8 His332, Gly228, Asp333
3 a-amylase 9.3 Glu233, Arg195, Lys200, His299, GIn63
Rutin Aspl197, His305
a-glucosidase -9.4 Asn301, Leu300, Val335, Tyr389, Asp203
Arg400, His105
4 Quercetin a-amylase 9.1 GIn63, Asp197, Asp300, Tyr62
a-glucosidase -7.8 Arg400, Asn301, Leu300
5 p-hydroxylbenzoic a-amylase -5.6 Arg195, Asp197, His 299
acid a-glucosidase -6.0 GIn170, Asp202, His105
6 Naringin a-amylase -10.2 Lys200, His305, His309, Arg195
a-glucosidase -10.8 Thr310, His280, Lys156, His112
7 Galllic acid a-amylase -6.4 His101, Asp197, His299, Arg195
a-glucosidase -6.0 Arg400, Asp333, Glu271
8 Epicatechin a-amylase -8.6 Aspl97, His299
a-glucosidase -7.8 Leu300, Asn301, Glu271
9 Coumaic acid a-amylase -6.5 GIn63, Arg195, His299
a-glucosidase -6.7 Gly228, Arg200, His332
10 Cinnamic acid a-amylase -6.0 Trp59, GIn63
a-glucosidase -6.6 His332, Arg200
11 Chlorogenic acid a-amylase -7.6 Aspl197, GIn63, His299, Arg195
a-glucosidase -8.5 Asn301, Leu227, Glu271, Arg400, Asp33|
12 Catechin a-amylase -8.9 Glu233, GIn63, Asp197, Arg195
a-glucosidase -7.4 Asn301, Arg400, Leu300
13 3-hydroxy, a-amylase 5.2 His299
4methy;c>%/ben20|c a-glucosidase 5.7 Gly170, His105
14 3-hydroxybenzoic acid a-amylase -5.7 Arg195, His299, Asp197
a-glucosidase -6.1 Arg400, His332, Asp333, GIn170, Aspl7
15 2,3 dimethylbenzoic a-amylase -5.3 His299
acid a-glucosidase 5.8 Arg400
16 Kaempferol a-amylase -8.6 GIn63, Aspl197, Arg195
a-glucosdase -7.6 Arg400
17 Isorhamnetin a-amylase -8.8 Asp197, His305, GIn63, Argl95
a-glucosidase -7.5 Arg400
18 Protocatechuic acid a-amylase -5.9 His101, Asp197, Glu233, Arg195, Tyr62
His299
a-glucosidase -5.8 Asp333, Glu271, Arg400
19 Sakuranetin a-amylase -8.9 His299, Asp300, GIn63, Arg195
a-glucosidase -7.5 Arg400
20 Luteolin a-amylase 9.1 Aspl97, GIn63, Arg195, Asp300
a-glucosidase -7.8 Asn301, Arg400
21 a-amylase -7.5 Thrl63, His101, Alal106, Gly164, GIn63,
Acarbose Arg195, Asp300, GI33, His201, His299
a-glucosidase -7.2 Arg400, Leu300, Asp202, GIn170, Arg20(
Asp333, Asn301
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Fig. 2. Active site in surface representation of amylase (PDB: 2QV4) and stick representation of acarbose on the active
site of humana-amylase.

Fig. 3. Active site in cartoon representation afglucosidase (PDB: 3WY1) and stick representation of acarbose on the
active site.Amino acid residues forming hydrogen bomdth acarboseare shown ased sticks

Fig. 4. Rutinshown as spherepccupying active site of humaa-amylase and its molecular interaction analysis
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Arg195 )

Fig. 5. Molecular interactiomnalysisof luteolin and quercetin with humara-amylase at the active siteMolecular
interactions, as depicted by LigPlot presentatigrexe mediated by hydrogen bonds and by hydrophobic interactions.
Hydrogen bonds are represented by green dashed lines between the atoms in figures and hydrophobic contacts are
shown in red arcs with spokes radiating towards the ligand atoms [33].

Fig. 8.Naringin and chlorogenic aa bindinganalysisand interaction ona-glucosidase
Amino acid residues forming hydrogen bond with the phytochemicals are presented as redsstick
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Earlier, Wei and colleague reported the inhibitory potential of naringinaeamylasein vitro [35]. In
this study, we report the lowest binding energy valu#0(2 kcal/mol) for naringin, one of the knowgitrus
FEl @2y 2ARA&S -anFlask. Mhisiphoshdmvidalys reportedly present in the leaves, bud and fruits of
C. spinosd36]. Evidence abound to show the potency of various extracts of these parts of the plant in
management of diabetes. Thmossiblekey role of naringin in the antidiabetic actieit of C. spinosas hence
suggested in this study. Interestingly, our result is in agreement with the report of Liu and coworkers who
20aSNIBBSR GKFG yFENAYy3IAY ol a ¢St -ampasetd fir® MInewisiaigtiza F € |
complex with relatively strong bding affinity [37]. According to their reports, the interaction for the Citrus
Tt @2y 2-amyiase as Reasured by surface plasmon resonance.

Rutin showed the tendency tocompletely occupy'-amylase active site (Figure 4) and possessed
relatively lav binding energy-0.3 kcal/mol), thus high affinity for the active site. The bioflavonoid displayed
complex hydrophilic interaction with the protein (Figure 4)hese bonds may account for the strong
interaction observed between amylasatin complex in his study.The great amount of rutin in the fruits,
leaves and bud o€. spinosavas recently reported by Mollicat al. [36]. Hence, it is suggestdtbm our
resultsthat rutin contributes in an immense way to the antidiabetic effects of the plant. Lintequercetin
and kaempferol are also good inhibitors of the enzyme with binding en&dykcal/mol,-9.1 kcal/mol and
8.6 kcal/mol respectively. This observation is in agreement with the reports of Tatl@la[38] and Minget
al. [39]. As shown inigure 5, luteolin which is another active component@f spinosalso interacted via
hydrogen bond formation with one or more of the three important residues Asp197, Glu233 and Asp300 on
human a-amylase active site, thereby interrupting substrate bindimigh a resulting inhibition of enzyme
catalysis. Amino acid residues Asp197, Glu233 and Asp300 have earlier been identified as the #ssential
residues found in putative amylase active site located in conserved domain A of the enzyme [4h, 42].
addition, both ligands established hydrogen bond with amino acid residue Ging3also worthy to note the
contribution of hydrophobic interaction towards the stability of enzyfigand complex as seen in the present
study. Few residues of the targets sucls &is201, Trp59 and Asp333 of amylamgpear to involve in
hydrophobic bondsThe low binding energy values for the ligandsplgined in this work, indicatéhe strong
binding affinity of the phytoconstituents for the target proteins [20, 39]. This ke docking scores clearly
suggest that these Capéerived components possess inhibitory activity that is relatively similar to that of the
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control ligand on the enzymeshe results of the current investigation are consistent with previously reported
experimental results [11, 36, 41]. Metibenat al. [20] had reported similar findings for isorhamnetin obtained
from Corchorus olitoruteaves and compared its potential to inhiltite enzymatic activity oh-amylase with
acarbosdn silico This indicateshe possibleefficacy of these phytoconstituents in diabetes management.

The inhibitory potential of theC. spinosahytochemicals againgt-amylase in decreasing order, can
be summarized as naringin > rutin > luteolin = quercetin > isorhamnetin > kaeshpfeakuranetin = catechin
> isorhamnetin > epicatechin > chlorogenic acid. With a competitive mode of inhibition, the phytochemicals
inhibit the catalytic activity of the enzymes with a net effect of reduction in gluats®rption; a desirable
effect in hyperglycemia management [38].b8ervationsmade from current studyre compatible withclaims
from previous studies that various preparation €f spinosashowed antidiabetic activitiesSelfayan and
Namjooyan[11] reported that the ethanolic extract ofoot and leaves ofC. spinosgpossessed inhibitory
activity on pancreatia-amylasein vitro. Eddouks and colleagues [42, 43] observed the antidiabetic properties
of the aqueous extract ofC. spinosapowdered fruitsin vivo while Hashemnia and eworkers [44]
demonstrated the beneficial effect of the plant alcoholic extract for treating hyperglycemia in experimental
animal models.

The relative consistency of interaction with residue GIn63 by the phytochemicals is worth noting.
Structurally, amino acid Gino A& f 20F SR 2y 2yS 2F (KS -amglagse. asIYSy i a
domain is significant for enzymatic activity of human alpha amylase [39, 40]. The glutamine displays its amide
at the end of its side chain and this amide could form chains-bbitls that might provide stabilization
between the enzymdigand complex. According to this study, this amine group of glutamine readily interacts
with the carbonyl group the rutin, luteolin, sakuranetin, isorhamnetin, kaempferol and quercetin. The
hydrogen bond between GIn63 and the carbonyl oxygen of the aromatic ring of the ligands may significantly
contribute to the high affinity and hence, inhibitory potential of the phytoconstituents. In this evaluation,
hydrogen bond formed between this glutaminesigdue and phytoconstituents was observed playing a key role
in their intermolecular association [45]. This indicates the importance of hydrogen bond in stabilizing the
protein-ligand interactions. Hydrogen bond is known to play key role in structurallisgadsi many biological
molecules as well as in enzyme catalysis [45]. Taken together, the stability of the atigdasecomplex was
achieved by the contribution of amino acid residues found within th& region. The aromatic part of the
flavonoid in ti5 -thyet 1 &S | OGA DS AaAYESNI OAA2ZIBNFAGK ¢NL)pd @HANZ
coupled with electrostatic attractions occurring between the active site amino acid residues of the enzyme
might account for the high binding affinity and greainhibitory effect of the flavonoids on the enzyme [20,

39, 40, 4548].

Results for the molecular interaction &f spinosghytochemicals witta-glucosidase is presented in
Table 1. Quercetin displayed binding ener@y8 kcal/mol and formed hydrogenohd with residues Leu300,
Asn301 and Arg400 while the estimated binding energy for rutin-@&askcal/mol. In addition to the hydrogen
bond seen with glucosidasguercetin complex, rutin established hydrophilic interaction with residues His105,
Tyr389, VB35 and Asp202. For luteolin, hydrogen bond was found with residues Asn301 and Arg400. The
consistency of these residues in the glucosidigg@nd interaction suggests their key role in the enzyme
inhibition. Compared to acarbose with energy value7? kcal/mol, these phytochemicals may be considered
as potent inhibitor of the enzyme. Previous reports have suggested that acarbose is arglaipbsidase
inhibitor with inherent potential to delay or even prevent development of diabetic complications5@p,
Figure 68 revealed that quercetin-7.8 kcal/mol), rutin .4 kcal/mol) and luteolin-7.8 kcal/mol) possess the
capacity to bind at the active pocket of the enzyme, thereby inhibiting the activities of the protein. Although
naringin was predictedo possess highest binding affinity to the enzyrH)(8 kcal/mol), its binding location
appears tilted compared to that of rutin and acarbose as it engaged residues His280, Lys156, His112 and
Thr310 in hydrophilic interactiorihe ability of naringin tolter glucoseregulating enzyme activities has been
reported to play a crucial role in the glucekavering effect ofthis compoundin experimental animals [51,
52]. Ability of C. spinosghytoconstituents to penetrate the hollow passage that leads to tbeva pocket of
a-glucosidase may have enhanced their inhibitory effect on the enzyme. These results support the hypothesis
that a-glucosidase enzymatic activity is altered ®y spinosaonstituents; a contributing factor in the anti
hyperglycemic effeadf the herb. Our analysis is thus contjide with previous wet experiment results [55]
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According to this study, rutin and naringin were observed to interact with both enzymes with strong
affinity (Figure 9). However, previous reports had claimed a bigintity of rutin in the herb compared to
naringin. This suggests that these phytochemicals, especially migiht contribute majorly to the antidiabetic
effects of C. spinosaia inhibitory activities ora-amylase anda-glucosidase. Since naringrutin and other
phytochemicals have been identified at the leaves, flower and bud extra€s gfinosathe use of these parts
of the plant for diabetes treatment is therefore validated. This study, therefore, corroborates recently
reported findings obtaing fromin vitroandin vivoexperiments [39].

CONCLUSION

Management and prevention of human diseases such as diabetes with the use of natural products
and medicinal plants likeC. spinosamay be relatively beneficial with less adverse effects compared to
synthetic pharmacological agents. According to this study, the selected phytoconstituefitsspinosare
STFFSOGADBS AYyKk TR P EEUDFIEK dhCh viay be expiarin the treatment of type2
diabetes. Detailed observation of thgdindreceptor interaction exposed the fact that the ligands obviously
entered into the putative binding site of the enzymes required for conversion of substrate to products and
exert their inhibitory effects competitively thereby preventing substrate kigdivhich, of course, may result
in lowering of the elevated blood glucose level in diabetes. The formation of hydrogen bonds and other
important interactions between the residues and the ligands at the active site possibly contribute to the
inactivation ofthe enzymes, hence justifying the widely acclaimed blood glucose lowering eff€ctspinosa
Among the compoundstutin and naringinare very potent inhibitors compared with the synthetic drug
(acarbose) currently used in control of hyperglycemia assed with type 2 diabetes mellitusThese
phytochemicals are predied to work synergistically to giveC. spinosaits antidiabetic properties.
Understanding the precise interaction and enzymatic inhibitiort aglucosidase anti-amylase thus provide a
possible explanation for the molecular basis and mechanism o#ittigliabeticactivity of the herb, which is
shown tobe related to the phytoconstituent contenHence, the use dhe plant in the management of/pe-2
diabetes is thereby justified.
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