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ABSTRACT

Type Il diabetes (T2DM) is a metabolic disordersarg from impaired insulin action and insulin se@a, which
leads to hyperglycemia and also the decimatiorhefliody system. Acarbose, an anti-diabetic drugedees the
postprandial hyperglycemia, by slowing down theoapton of glucose through the inhibition of thetwahydrate-
hydrolyzing enzymex{amylase), howbeit with serious side effects. i ghresent study, with the aid of in silico
experiment we have identified isorhamnetin fromaBorus olitorius plant to have a higher inhibitgpptential on
alpha-amylase (-8.5Kcal/mol) as compared with acasb(-7.1Kcal/mol) and other compounds (caffeid ag.5
Kcal/mol and chlorogenic acid, -7.3 Kcal/mol) chararized from the same plant (Corchorus olitoriug)is study
however corroborates the earlier wet experimenthaninhibitory properties of isorhamnetin.
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INTRODUCTION

Diabetes is the'7leading cause of mortality in the United Stateishwver 68,071 death certificates registeringsit a
a major cause of death [1]. The approximate esiimaif diabetes in Africa is 1% in rural areas, aagies from
5% to 7% in urban sub-Saharan [8].

Type Il diabetes (T2DM) is a group of metabolic adigers arising from impaired insulin action anduiirs
secretion, leading to hyperglycemia. T2DM destrmyany of the body system, most especially blood eledgl].
T2DM may be in part as a result of increased hepticose production, reduced insulin secretiod, iempairment
of insulin action [5, 13]. Patients suffering frdgpe Il diabetes are insulin-resistant. There areral mechanisms
employed in the treatment of type Il diabetes, eheasry from changes in life-styles, exercises, linsimjections,
and various anti-diabetic drugs. However, the man@mpt of this disease without any side effect ptibes a great
challenge to the medical system [2, 7].

One of the therapeutic approaches for the treatmfdtabetes in the early stage is to decreasedseprandial
hyperglycemia, by slowing down the absorption dficgise through inhibition of the carbohydrate-hygzoig
enzymesgp -amylase ang —glucosidase [11]. Many drugs are currently in tasachieve this, one of such drugs is
acarbose which acts by inhibiting the—amylase enzyme, this drug has been shown to $erieus side effects
ranging from severe stomach pain, severe congiip&ti diarrhea and so on. Hence, the need for almyug with
little or no side effect, medicinal plants have meeported to have anti-diabetic effects, with Isske effects and
relatively low cost [12] and such are good replagenfor anti-diabetic drugs like acarbose.
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In the present study, we carried ontsilico experiment which corroborates the earlier wet expent [6], that
Corchorus olitoriusconsumed in various part of the world as leafy t&lgle has anti-diabetic effect by inhibition of
the a- amylase enzyme. However, molecular docking o$eheharacterized compounds (caffeic acid, chloriegen
acid and isorhamnetin) fro@orchorus olitoriugevealed that, only isorhamnetin possessed a heltigitory effect
ona- amylase enzyme than the rest of the compoundsrapared with the standard anti-diabetic drug axseb

Fig. 1: Showing the 3 D structure of acarbose

Fig. 2: Showing the 3 D structure of 1sorhamnetin

EXPERIMENTAL SECTION

Selection and Preparation of Macromolecule

The crystal structure of Human Pancreatic alphalasayin complex with myricetin (PDB ID: 4GQR) wagrieved
from the protein data bank ((http: //www.rcsb.oiguman Pancreatic alpha-amylase (Accession: AAAB2R&l:
178567) “Fasta” file was downloaded from www.pubnoed, this was used in modeling the starting stmgcof
Human Pancreatic alpha-amylase, used in this stiithe homology modeling was done in the Swiss M&alver
(http://swissmodel.expasy.org). The 3D structurghef human alpha-amylase was modeled using thedinate
file of template from protein data bank (PDB ID: @R). Deletion of water and ligand coordinates wasied out
prior to the molecular docking.

Selection and Preparation of Acarbose, I sorhamnetin, Caffeic acid and Chlor ogenic acid

The three-dimensional (3D) structures of Acarbdéserhamnetin, Caffeic acid and Chlorogenic acidenebtained
from the pubchem database [10]. The optimized tigamlecules (Acarbose, Isorhmnetin, Caffeic acidd a
Chlorogenic acid) were docked into the refined harpancreatic alpha-amylase model using “LigandFitthe
AutoDock 4.2.

Molecular Docking

The docking of the of Acarbose, Isorhamnetin, Gaffecid and Chlorogenic acid to the binding sitehaiman
alpha-amylase was done using the autodock vin§jl.2Nater molecules and the ligand (myricetinjmaex with
alpha-amylase were removed for better docking scoféeprotein was treated as a rigid body,[8}hile the
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rotatable bonds of the ligands were set to be ffbe grid box size was set at 13.44, 15.14 and 38°44, y, and
z) to include all the amino acid residues. The spbetween grid points was 0.375 angstroms.

RESULTSAND DISCUSSION

Table 1: Showing Acar bose, | sorhamnetin, Caffeic acid and Chlorogenic acid with corresponding binding energies obtained from
docking with human alpha-amylase using AutoDock program

Compound Binding Energy
Name (Kcal/mal)
Acarbose -7.1
Caffeic acid -6.5
Chlorgenic acid -7.3
Isorhamnetin -8.5
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Acarbose Caffeic acid Chlorogenic acid  Isorhamnetin

Inhibitors of alpha-amylase

Figure 3: A bar chart showing the binding energy/ affinity of Acarbose, Caffeic acid, Chlorogenic acid, | sorhamnetin

Figure 4: alpha-amylase enzyme with acarbose at its active site
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Figure 7: A molecular interaction of 1sorhmnetin with alpha-amylase

Acarbose is a drug that have been used to decpaatprandial hyperglycemia by inhibition of the -amylase
enzyme, however with its own side effects. In thespnt study through the aid of molecular dockinglies, we
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have identified isorhamnetin (a natural compourrdmf Corchorus olitoriusto be a better inhibitor of alpha-
amylase.

Acarbose, an established anti-diabetic drug waketbwvith the aid of autodock/vina to our modelgohalamylase
enzyme (receptor) (figure 5) and showed a bindingrgy of -7.1Kcal/mol. Caffeic acid, chlorogenicicaand
isorhamnetin characterized fro@orchorus olitoriusplant were also docked with our modeled alpha-asg/land
with binding energies of -6.5 Kcal/mol, -7.3 Kcatlhand -8.5 K/calmol respectively (table 1). Frdme tresult of
our molecular docking scores it is evident thathismnetin has a better inhibitory effect than acaeyoalso
chlorogenic acid is a slight better than acarbbs&jever acarbose has a better inhibitory effeat teffeic acid,
though caffeic acid with a binding energy of -65Keel is still a good inhibitor of alpha-amylaségdre 3). The
alpha-amylase-isorhamnetin better interactions wdwenpared with the rest (acarbose, caffeic acidduharogenic
caid) are a function of the amino acid residueshi active site of the alpha amylase. The amind eesidues
within the 4A that stabilized the alpha-amylaserisamnetin interaction are GLN 78, TRY 77, HIS 1ABA 213,
HIS 314 LEU 180, TRP 73, ASP 212 TRP 74, ARG 210U®R48, ALA 213. The extensive hydrogen bonds
interactions with GLN 78, TRY 77, GLU 248, ASP 2daidues, pi-sigma stacking interactions betweeR TR
and TRP 74 of alpha-amylase and coupled with tketstatic attractions between the amino aciddves of
alpha-amylase enzyme and isorhamnetin , may accfmmits lowest binding energy (8.5Kcal/mol), bette
interaction and better inhibitory potential.

CONCLUSION

Based on the present silico study, Isorhmnetin is the best inhibitor of alphayéase, when compared with
acarbose, caffeic acid and chlorogenic acid. Téssilt confirmed the earlier wet experiment, thathenetin has
inhibitory potential on alpha-amylase and as swdthamnetin should be consider for clinical triats an anti-
diabetic drug.
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