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ABSTRACT

Diabetes Mellitus is a metabolic disorder characterised by persistent high concentration
of blood glucose. Its progression results in health complications like neuropathy,
abdulrasakmohammedadewumi@gmail.com,  retinopathy, nephropathy, pathology of other cell or tissue types of the body and death.
abdulrasak.mohammed @science.fulafia.edu .. . L. . . .. . .
ng Ziziphus spina-christiis a recognised plant for its nutritive and medicinal values. The
aim of the study was to screen various identified phytochemicals in Ziziphus spina-
christi on alpha-amylase which is an anti-diabetic drug target through in silico
approach. A library of identified phytochemicals of Ziziphus spina-christi from
literature search was built by downloading the compounds from PubChem. The hits
were screened for their drug likeness and pharmacokinetics using the Swiss ADME
predictor. The suitable hits from the drug likeness were docked with amylase using
Autodock vina and molecular interactions visualized with Discovery studio visualizer.
Fifteen compounds in the library were selected based on the Lipinski rule. Jujubogenin-
amylase complex had the lowest binding energy of - 8.9 Kcal/mol, followed by maslinic
acid, and (+)-Catechin cianidanol complexes with binding energies -8.5 and -8.4
Kcal/mol respectively. All the fifteen phytochemicals that did not violate the Lipinski
drug likeness rule had better binding affinity for amylase compared to the clinically
approved Acarbose with a binding energy of - 7.3 Kcal/mol. Hence, this investigation on
the bioactive compounds from Ziziphus spina-christi especially Jujubogenin suggests
its potential inhibitory activity on alpha-amylase for diabetes treatment.

OPEN ACCESS

*CORRESPONDENCE
Abdulrasak, M.A.

ARTICLE HISTORY
Received: 23/11/2023
Reviewed: 11/03/2024
Revised: 21/07/2024
Accepted: 15/09/2024
Published: 30/09/2024

CITATION
Abdulrasak, M.A., Mohammed, A.,
Hamza, A., Olagoke, E.O. and Musa, A.L.
(2024). Anti-diabetic inhibitory effect of
identified phytochemicals in Ziziphus
spina-christion alpha-amylase In silico
screening approach. Njgerian Journal of
Biochemistry and Molecular Biology.
39(3), 117-128
https://doi.org/10.4314/njbmb.v39i3.1

Keywords: Ziziphus spina-christi, Diabetes mellitus, Phytochemicals, in silico, Amylase, Jujubogenin

INTRODUCTION

Diabetes Mellitus (DM) is a non-infectious disease with
debilitating consequence on the wellness of human. DM
epidemic and its complications posit a global public health

which is 1 in 10 persons, and 6.7 million deaths recorded in
2021, implying 1 every 5 seconds (International Diabetes
Federation, 2021).

threat (Zheng et al., 2017). Diabetes is a disease underlined
by the perturbation in the metabolism of energy
biomolecules, principally carbohydrate. There is an
alarming prevalence of 537 million adults (20-79 years)
living with diabetes,

Copyright © 2024 Abdulrasak et al. This is an open access article
distributed under the Creative Commons Attribution License CC BY 4.0,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Notably, a-amylase is an important drug target to
reduce or delay intestinal absorption of glucose after a meal.
The digestion of food in humans start in the mouth. a-
amylase (a -1,4-glucan 4-glucanohydrolase, EC 3.2.1.1)
catalyses the breakdown of a-(1-4) glycosidic bonds in
glucose polymers such as glycogen and starch comprising of
amylose and amylopectin (Kagawa et al, 2003; Li et al,
2005). The product of the amylase reaction is hydrolysed by
a-glucosidase to vyield glucose that is absorbed and
transported into the bloodstream (resulting in postprandial
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rise in blood glucose level). In the active site region of the
salivary and pancreatic a —amylases, there are 15 non-
identical amino acid residues which influence the different
cleavage patterns (Brayer et al., 1995).

Acarbose is a natural product of clinical use as an o —
amylase inhibitor to manage diabetes and order metabolic
disorders. It was isolated from Streptomyces species (Li et
al., 2005). There is a structural similarity between acarbose
and the natural oligosaccharides from starch digestion.
Acarbose has a higher affinity for amylases and
competitively inhibits the enzyme, thereby making the
availability of amylase to catalyse dietary starch markedly
reduced. This ultimately brings about a reduction of food-
induced postprandial increases in blood glucose and insulin
(Rosak & Mertes, 2012).

Plants are a versatile natural source of bioactive
compounds. Ziziphus spina-christi L. is a tree with thorny
branches (Ads et al, 2022). The extracts or isolated
compounds of Ziziphus spina-christi have demonstrated
various biological effects such as antidiabetic, anti-
inflammatory, antidepressant, anticancer, antibacterial,
hepatoprotective, acetylcholine esterase inhibitors,
antidiarrheal,  hypotensive, cytotoxic, antipyretic,
antinociceptive, and antioxidant activities (Abalaka et al.,
2010; Asgarpanah & Haghighat, 2012; Jafarian et al., 2014;
Panduraju et al., 2009; Vahedi et al., 2008). Ziziphus spina-
christi (L.) Willd belongs to the family Rhamnaceae (el
Maaiden et al., 2020). The various parts of the plant have
been used in folklore medicine to treat ailments including
sore throat, chest pain, dysentery, diarrhoea, swollen eyes,
snake bites, tooth ache, fever, urinary infection,
gynaecological infection, venereal diseases, and wounds (el
Maaiden et al., 2020; El-Shahir et al., 2022). Studies on the
phytochemical composition screening of the plant revealed
the presence of alkaloids, flavonoids, terpenoids, saponins,
tannins, sterols, and phenolic compounds (Farmani et al.,
2016; Tuenter et al., 2017).

Molecular docking is the most accurate method for
predicting the modus of drug-receptor interactions in
silico (Azam et al., 2012). This technique is routinely used
to accelerate the recognition and investigation of novel
drug candidates (Sarfaraj et al., 2022). The integration of
computer aided drug design (CADD) also referred to as in
silico has been very useful in exponential reduction of the
setbacks in the wet lab approach. This study explores in
silico approach as a veritable way to screen the identified
compounds in Z. spina-christi from previous literatures for
potential antidiabetic drug leads on a-amylase and their
pharmacological properties and potential toxicity. Our
research showed that all the fifteen phytochemicals that did
not violate the Lipinski drug likeness rule, had better
binding affinity for amylase than acarbose. Overall,
jujubogenin had the best binding affinity.

MATERIALS AND METHODS

Software and database

Autodock tools (ADT) 1.5.6, PyRx, Autodock vina, Open
Babel and BIOVIA discovery studio visualizer 2019, RCSB
protein data bank database, PubChem database, and Swiss
ADME Server for ADME Predictions.

Preparation of protein

The crystal structure a-amylase (PDB ID: 1XCX) was
retrieved from the RCSB protein data bank (Li et a/., 2005)
(https://www.rcsb.org/) and imported into the ADT where
the interacting ligands, and water molecules were removed
from the protein. Subsequently, polar hydrogen atoms were
added to the proteins followed by addition of Gasteiger
charges calculation. The prepared protein was saved as
pdbqt file for onward molecular docking.

Preparation of ligands

The identified phytochemical compounds in Ziziphus
spina-christi from literature search were the selected
ligands in this study. The structure data files (SDF) format
of the selected ligands were downloaded from PubChem
database (Kim et al., 2021) and were converted to protein
data bank (PDB) file using the Open Babel software (O’Boyle
et al., 2011). Also, energy minimisation of the ligands was
done.

Active site

The amino acid residues of a-amylase (1XCX) active site
believed to participate directly in catalysis as reported
experimentally were retrieved from previous reports. They
are D197, E233 and D300 (Li et a/., 2005).

The validation of our study protocol was done by re-docking
of the co-crystallised ligand into the active site.

Molecular docking studies

The grid dimensions and binding centre were set for x, vy,
and z coordinate as (10.08, 20.93, and 48.11) respectively
around the active site residues. Docking calculations for the
binding affinity were then performed by using Autodock
Vina (Eberhardt et al., 2021; Trott & Olson, 2010) via the
PyRx software (Dallakyan & Olson, 2015). The interactions
between the ligand and protein were visualized using the
BIOVIA discovery studio 2019.

Drug-likeness and ADME profiling of the identified
compounds

Drug likeness based on Lipinski’s rule was used to screen the
downloaded ligands for further molecular docking analysis.
Also, the
prediction;

Pharmacokinetics and pharmacodynamics

absorption, distribution, metabolism, and
excretion (ADME) of the ligands was performed using the
(Daina et al, 2017). The

canonical Simplified Molecular Input Line Entry System

SwissADME web server tool
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(SMILES) files of the screened compounds obtained from
the PubChem database was used for the ADME prediction.

RESULTS

The list of twenty-three compounds of Ziziphus spina
selected from literatures (Bozicevic et al., 2017; Pawlowska
et al., 2009; Sakna et al., 2019)and acarbose which were
retrieved from PubChem are shown in table 1. The

corresponding chemical identity number (CID), molecular
formula and molecular weight are shown alongside. The
molecular weight of the phytochemicals ranges from 288.45
to 610.52 g/mol. Quercetin-3-o-robinobioside and Rutin
have the highest molecular weight while Eriodictyol has the
least molecular weight. All the Ziziphus spina compounds
retrieved had a lower molecular weight compared to
acarbose.

Table 1. List of the PubChem Retrieved Compounds in Ziziphus spina Selected from Literature

S/N Ligand molecule PubChem Formula Molecular Canonical SMILE
CID Weight
(g/mol)
1. (+)-Catechin 9064 C15H1406 290.27 Oclcc20[C@H](c3cec(c(c3)0)0)[C@H](Cc2c(c1)0)0
cianidanol
2. Procyanidin b2 122738 C30H26012  578.52 Oclcc(O)c2e(c])O[C@@H]([C@@H]([C@H]2c1c(O)ce(c2cl
O[C@@H]([C@@H](C2)0)clcce(c(c1)0)0)0)0)clcece(c(cl)O
)O
3. (-)-Epicatechin 72276 C15H1406 290.27 Oclcc(O)c2e(cl)oc(c(c2=0)0[C@@H]10[C@H](CO[C@ @H]
20[C@@H](O)[C@ @H](C@H]([C@H]20)0)0)[C@@H]([C
@@H]([C@H]10)0)0)clcce(c(c1)0)O
4. Proanthocyanid 107876 C30H26013  594.52 Oclcc(0)c2e(c1)O[C@H]([C@ @H](C2)O[C@]1(Oc2cc(O)ce(
ins c2[C@H]([C@H]10)0)0)c1cce(c(c1)0)0)clcec(c(c1)0)0
5. Quercetin-3-o- 10371536 C27H30016  610.52 Oclcc(0)c2e(cl)oc(c(c2=0)0[C@@H]10[C@H](CO[C@ @H]
robinobioside 20[C@@H](C)[C@@H]([C@H]([C@H]20)0)0)[C@ @H]([C
@@H]([C@H]10)0)0)clcce(c(c1)0)O
6. Quercetin-3-o0- 5281643 C21H20012  464.38 OC[C@H]10[C@ @H](Oc2c(oc3c(c2=0)c(O)cc(c3)O)c2cee(c(
galactoside ¢2)0)0)[C@ @H]([C@H]([C@H]10)0)0
hyperoside
7. Kaempferol-3- 15944778 C27H30015  594.52 Oclcec(cecl)cloc2ec(O)cc(c2e(=0)c10[C@@H]10[C@H](CO[
o-robinobioside C@@H]20[C@@H](C)[C@@H]([C@H](C@H]20)0)0)[C
@ @H]([C@@H]([C@H]10)0)0)0
8. Kaempferol-3- 5318767 C27H30015  594.52 Oclcce(ccl)cloc2ec(O)ce(c2c(=0)c10[C@@H]10[C@H](CO[
o-rutinoside C@@H]20[C@@H](C)[C@@H](C@H](C@H]20)0)0)[C
nicotiflorin @H]([C@@H]([C@H]10)0)0)0
9. Quercetin-3-o- 5280459 C21H20011  448.38 Oclcc(0)c2ce(cl)oc(c(c2=0)0[C@@H]10[C@@H](O)[C@@
rhamnoside H]([C@H]([C@H]10)0)0O)clcce(c(c1)0)O
quercetrin
10. Quercetin 5280343 C15H1007 302.24 Oclcc(O)c2c(cl)oc(c(c2=0)0)clcce(c(c1)0)O
11. Eriodictyol 440735 C15H1206 288.25 Oclcc20[C@@H](CC(=0)c2c(c1)0)clcec(c(c1)0)0
12. Sisymbrifolin 101690824 C20H2408 392.4 OC[C@H]([C@@H](clcc2e(c(c1)OC)O[C@ @H]([C@H]2CO)
clcee(e(c1)0C)0)0)0
13. Rutin 5280805 C27H30016  610.52 Oclcc(O)c2c(cl)oc(c(c2=0)0[C@@H]10[C@H](CO[C@ @H]
20[C@@H](O)[C@@H](C@H]([C@H]20)0)0)[C@H|([C@
@H]([C@H]10)0)0)clcce(c(c1)0)0
14. Jujubogenin 15515703 C30H4804 472.7 CC(=C[C@@H]10[C@@]230C[C@ @]4(C2)[C@@H]([C@H
J3[C@@](C1)(C)0)CCIC@H]1[C@@4(C)CC[C@@H2([C@]
1(C)CC[C@ @H](C2(C)C)0)C
15. Christinin iii 14563842 C22H3007 406.47 CCC(C(=0)0C1C2=C(C)CC(C3C(C2C2(C102)C)OC(=0)C3C)0O
C(=0)C)C
16. Christinn 1 101324802 C19H2407 364.39 CC(=0)0[C@@H]1CC(=C2[C@@H](C@@H]3[C@@H]1[C
@@H](C)C(=0)03)[C@]1(C@@H]([C@H]20C(=0)C)01)C)
C
17. Zizyberanalic or 21672700 C30H4604 470.68 0=C[C@@H]1[C@@H](O)C([C@H]2[C@@]1(C)[C@H]1CC[
colubrinic acid C@H]3[C@@](C@@]1(CC2)C)(C)CC[C@@]1([C@@H]3[C
@@H](CC)CEC)O)C(=0)0)(C)C
18. Ceanothenic 71451218 C29H4204 454.64 CC(=C)[C@@H]1CC[C@]2(|[C@H]1[C@H]1CC[C@H]3[C@
acid @]([C@@]1(CC2)C(=0)0)(C)CC[C@@H]1[C@]3(C)C=CC1(
C)C)C(=0)0
19. Epiceanothic 23631167 C30H4605 486.68 CC(=0)[C@@H]1CC[C@]2([C@H]l[C@H]1CC[C@H]3[C@
@)([C@]1(C)CC2)(C)CC[C@@H]1[C@]3(C)[C@H](C(=0)0)[
C@@H](C1(C)E)0)C(=0)0
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Tahle 1. Continued

20. Maslinic acid 73659 C30H4804 472.7

21. Alphitolic acid 12305768 C30H4804 472.7

22. Betulinic acid 64971 C30H4803 456.7

23. Ceanothic acid 161352 C30H4605 486.68

24. Acarbose 444254 C25H43NO1  645.6
8

O[C@@H]ICIC@@]2(O)[C@H|(C(C@H]10)(C)O)CC[Cek@
[1([C@@H]2CC=C2[CE@@]1(C)CC[C@@]1([C@H]2CC(C)(C
)CC1)C(=0)0)C
CC(=0C)[C@@H]1CC[C@]2([C@H]1[C@H]1CC[C@H]3[C@
@J(CellC)CC)OCCCe@H]I[C@]3(C)C[C@@H](0)[C
@@H](C1(C)C)0)C(=0)0
CCEO)[C@@H]1CCIC@]2([C@H]1[C@H]1CC[C@H]3[C@
@[C@I1O)CCHO)CCC@E@HI[C@]3(C)CCC@@H](CI(
C)C)0)C(=0)0
CC(=0)[C@@H]1CC[C@]2([C@H]1[C@H]1CC[C@H]3[C@
@J(C@I1O)CC)OCCC@@H]I[C@]I3(C)C@@H](C(=0)
0)[C@@H](C1(C)C)0)C(=0)0

OC[C@H]10[C@H](O[C@ @H]2[C@@H](CO)O[C@@H](IC
@@H]([C@H]20)0)0)|C@ @H]([C@H](C@@H]10[C@H]
10[C@H](O)[C@H]([C@ @H|(C@H]10)0)N[C@H]1C=C(CO
)[C@H](C@@H|([C@H]10)0)0)0)0

The fifteen compounds of the plant that did not violate the
Lipinski rule of five for druglikeness and acarbose are
displayed in table 2. In terms of the Lipinski rule of five
parameters, the compounds had 0 or 1 violation. Not more
than one of the following criteria was violated: their

molecular weight should be less than 500; they should have
less than 10 hydrogen bond acceptors or donors; their
topological polar surface area (TPSA) should be between 20
and 130; or their lipophilicity (iLogP) should be less than 5.
On the other hand, acarbose had three violations.

Table 2. List of the Compounds that did not Violate the Lipinski Rule of Five

S/N Ligand molecule Molecular weight #H-bond acceptors #H-bond  TPSA iLOGP  Lipinski
donors #violations
1.  (+)-Catechin cianidanol 290.27 6 5 110.38 1.33 0
2. (-)-Epicatechin 290.27 6 5 110.38 1.47 0
3. Quercetin 302.24 7 5 131.36 1.63 0
4. Eriodictyol 288.25 6 4 107.22 1.62 0
5. Sisymbrifolin 392.4 8 5 128.84 2.27 0
6. Jujubogenin 472.7 4 2 58.92 4.41 1
7. Christinin III 406.47 7 0 91.43 3.4 0
8. Christinn 1 364.39 7 0 91.43 2.58 0
9. Zizyberanalic or colubrinic acid 470.68 4 2 74.6 3.5 1
10. Ceanothenic acid 454.64 4 2 74.6 3.37 1
11. Epiceanothic 486.68 5 3 94.83 3.36 1
12.  Maslinic acid 472.7 4 3 77.76 3.38 1
13.  Alphitolic acid 472.7 4 3 77.76 3.72 1
14. Betulinic acid 456.7 3 2 57.53 3.81 1
15.  Ceanothic acid 486.68 5 3 94.83 3.11 1
16. Acarbose 645.6 19 14 321.17 1.43 3

Table 3 describes the pharmacokinetics properties of the
compounds. The table depicts the ADME characteristics of
the compounds. Epiceanothic, betulinic acid, ceanothic acid,
and the standard drug acarbose had low intestinal absorption
while the other hit compounds had a high absorption.
Quercetin, jujubogenin, christinin III, christinin 1, ceanothic,

and the acarbose were not substrates of for P-glycoprotein (P-
gp)-

Quercetin is the only CYP1A2 inhibitor, and none of the
compounds were CYP2C19 inhibitor. Zizyberanalic,
ceanothenic acid, epiceanothic, betulinic acid, and ceanothic
acid are CYP2C9 inhibitors. Quercetin is the only CYP2D6
inhibitor, and quercetin, eriodictyol, and christinin III were
CYP3A4 inhibitors.
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Table 3. Pharmacokinetics and Pharmacodynamics Properties of the Phytochemical Compounds from Ziziphus spina-christi

Gl BBB Pgp CYPIA2  CYP2C19 CYP2C9  CYP2D6  CYP3A4 Eﬁﬁ;’f‘
absorption  permeant substrate  inhibitor inhibitor  inhibitor inhibitor  inhibitor Score y
1 (+)-Catechin
* cianidanol High No Yes No No No No No 0.55
)-
2. Epicatechin High No Yes No No No No No 0.55
3. Quercetin High No No Yes No No Yes Yes 0.55
4. Eriodictyol High No Yes No No No No Yes 0.55
5. Sisymbrifolin High No Yes No No No No No 0.55
6. Jujubogenin High No No No No No No No 0.55
7. Christinin III High No No No No No No Yes 0.55
8. Christinn 1 High No No No No No No No 0.55
Zizyberanalic
9. or colubrinic
acid High No Yes No No Yes No No 0.85
10 Ceanothenic
acid High No Yes No No Yes No No 0.85
11 Epiceanothic Low No Yes No No Yes No No 0.56
12 Maslinic acid High No Yes No No No No No 0.56
13 Alphitolicacid  High No Yes No No No No No 0.56
14 Betulinic acid Low No No No No Yes No No 0.85
15 Ceanothicacid Low No Yes No No Yes No No 0.56
16 Acarbose Low No Yes No No No No No 0.17
Table 4. Toxicity Profile of the Hit Phytochemical Compounds from Ziziphus spina-christi
T Predicted *Predicted
S/N LD50 Toxicity Hepatotoxicity = Carcinogenicity = Immunotoxicity = Mutagenicity = Cytotoxicity
compounds
(mg/kg) Class
(+)-Catechin
1 cianidanol 10000 VI Inactive Inactive Inactive Inactive Inactive
)-
2 Epicatechin 10000 VI Inactive Inactive Inactive Inactive Inactive
3 Quercetin 159 111 Inactive Active Inactive Active Inactive
4 Eriodictyol 2000 v Inactive Active Inactive Inactive Inactive
5 Sisymbrifolin 5000 \% Inactive Inactive Inactive Inactive Inactive
6 Jujubogenin 5000 A% Inactive Inactive Active Inactive Inactive
7 Christinin III 7 11 Inactive Active Active Active Inactive
8 Christinn 1 7 11 Inactive Active Active Active Inactive
Zizyberanalic
9 or colubrinic 2610 A% Inactive Inactive Active Inactive Inactive
acid
Ceanothenic
10 acid 11800 VI Inactive Inactive Inactive Inactive Inactive
11 Epiceanothic 4820 v Inactive Inactive Active Inactive Inactive
12 Maslinic acid 2000 v Inactive Active Active Inactive Inactive
13 Alphitolicacid 2610 \Y% Inactive Active Active Inactive Inactive
14 Betulinic acid 2610 \% Inactive Active Active Inactive Inactive
15 Ceanothic acid 4820 A% Inactive Inactive Active Inactive Inactive
16 Acarbose 24000 VI Active Inactive Active Inactive Inactive

Table 4 shows the toxicity profile for the compounds. (+)- ceanothenic acid were non-toxic for all the toxicity
catechin cianidanol, (-)-epicatechin, sisymbrifolin, and parameters studied. The Predicted LDso (mg/kg) in table 4
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reveals that Christinin III and I are both fatal if swallowed,
quercetin is toxic if swallowed, eriodictyol and maslinic acid
are both harmful if swallowed, sisymbrifolin, jujubogenin,
colubrinic, and epiceanothic may be harmful if swallowed,
while (+)-catechin cianidanol, (-)-epicatechin, ceanothenic
acid and acarbose were non-toxic. All the phytochemical
compounds are not hepatotoxic whereas acarbose was
hepatoxic.

Quercetin, Eriodictyol, Christinin III and I, maslinic acid,
alphitolic acid and betulinic acid were carcinogenic
compounds. Jujubogenin , Christinin III and I, zizyberanalic
or colubrinic acid , epiceanothic, maslinic acid, alphitolic
acid, betulinic acid, ceanothic acid and acarbose were
immunotoxic . quercetin, Christinin III and I are mutagenic.
None of the compounds was cytotoxic. In overall, the toxicity

profile of this study reveals that (+)-catechin cianidanol, (-)-
epicatechin, sisymbrifolin, and ceanothenic acid were not
hepatotoxic, carcinogenic, immunotoxic, mutagenic, and
cytotoxic.

The binding affinity from the molecular docking is within
the range of - 7.3 and - 8.9 as shown in Table 5. Jujubogenin
has the highest binding affinity. of -8.9 kcal/mol, followed by
maslinic acid and namely (+)-Catechin cianidanol with
binding energies -8.5 and -8.4 Kcal/mol respectively. All of
the compounds from Ziziphus spina-christi had better
affinities compared to the standard drug acarbose.

In table 6, the amino acids residues involved in each of the ligand -
amylase complex interactions are itemised.

Table 5. Binding Affinity of the Various Compounds Complex with a-Amylase

S/N Ligands Binding Affinity / kcal/mol
1 (+)-Catechin cianidanol -8.4
2 (-)-Epicatechin -8.0
3 Quercetin -8.2
4 Eriodictyol -8.3
5 Sisymbrifolin 7.7
6 Jujubogenin -8.9
7 Christinin III -8.0
8 Christinn 1 7.4
9 Zizyberanalic or colubrinic acid -7.5
10 Ceanothenic acid -7.5
11 Epiceanothic -8.0
12 Maslinic acid -8.5
13 Alphitolic acid -7.9
14 Betulinic acid -8.0
15 Ceanothic acid -7.7
16 Acarbose -7.3

Table 6. Amino Acids Residues Involved in the Ligand - Amylase Complex Interactions

S/N Ligands Amino acids involved in ligand complex Interactions
1 (+)-Catechin cianidanol *Asp197, *Asp300, *Glu233, His305, Ala198, Argl195, His299, Trp58, Tyr62, His101,
Leul65, GIn63, Trp59
2 (-)-Epicatechin *Asp300, *Glu233, Leul62, Tyr62, Trp59, Thr163
3 Quercetin *Glu233, *Asp197, His299, *Asp300, Trp59, His305, GIn63, Leul65, His101, Tyr62,
Ala198, Leul62, Argl195
4 Eriodictyol Argl195, *Asp197, *Asp300, GIn63, His305, Trp59, Leul62, Ala198, *Glu233
Sisymbrifolin *Asp300, *Glu233, Ile235, Tyr151, Leul62, Trp59
6 Jujubogenin His305, *Asp300, Leul65, Tyr62, His101, Ala198, *Asp197, Leul62, *Glu233, Ile235,
His201, Gly306, Lys200, Tyr151
Christinin III Gly306, Leul62, Thr163, Trp58, His305, Leul65, Tyr62, Ala198, Tyr151
8 Christinn 1 His305, Leul62, Thr163, Trp59, Leul 65, His299, Tyr62, Trp58, Argl195, *Glu233, Ile235,
9 Zizyberanalic or colubrinic acid Tyr151, His201, *Asp300, Tyr62, His299, Trp58, Thr163, Leul65, His305, Leul62, Ile235,
10 Ceanothenic acid Trp59, Thr163, *Asp300, Trp58, His305, Gly306, Leul62, Tyr151, Ala198, Tyr62

11 Epiceanothic

His305, Leul62, Ala307, Ile235, Lys200, Tyr151, His201, *Glu233, Tyr62, Trp58, His299,

Leul65, Trp59, Thr163,
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Table 6. Continued

His201, Thr163, Leul62, His101, Leul62, Tyr62, Arg195, *Asp197, His305, Trp58, I1e235,

His305, Trp59, Leul65, Thr163, Trp58, Tyr62, Leul62, His101, [le235, His201, Tyr151,

12 Maslinic acid

Ala307, Glu240, Tyr151
13 Alphitolic acid

Lys200, Ala307,
14 Betulinic acid

Trp59, Lys200
15 Ceanothic acid

Acarbose

Thr163, Tyr62, His305, Leul62, Tyr151, His201, Ala307, Ile235, His299, His101, Trp58,

Gly306, Tyr151, 11e235, Leul62, His101, Tyr62, Trp59, His305, Trp58
Tyr62, Leul62, GIn63, Trp59, Thr163, Leul65, His101, Tyr151, Gly306, His305

*denote amino acids residues in amylase active site that directly participate in catalysis

Figures 2-5 shows the visualisation of the 3D and
corresponding 2D docking poses of the three best hit
phytochemicals of Ziziphus spina-christi and acarbose in the
amylase active site pocket. The interactions comprise of
hydrogen, and non-hydrogen bonding. The interactions of
jujubogenin with amylase comprise of two hydrogen bonds at
His101, and Gly306 as shown in Figure 2. The other
interactions include van der Waals, alkyl and pi-alkyl
interactions.

The interactions of maslinic acid with amylase comprise
of two hydrogen bonds at Arg195, and Asp197 as shown in

Figure 3. The other interactions include van der Waals, pi-
sigma, alkyl and pi-alkyl interactions. The interactions of (+)-
catechin cianidanol with amylase comprise of three hydrogen
bonds at Asp197, asp300, and Glu233 as shown in Figure 4.
The other interactions include van der Waals, Pi-anion, Pi-
donor hydrogen bond, and pi-pi stacked interaction. The
interactions of acarbose with amylase comprise of three
hydrogen bonds at Thr163, tyrl151, and his305 as shown in
Figure 5. The other interactions include van der Waals, carbon
hydrogen bond, alkyl and pi-alkyl interactions.

C) (+)-Catechin cianidanol

D) Acarbose

Figure 1: Structure of the three best Molecular Docked Phytochemical from Ziziphus spina-christi

A) Jujubogenin, B) Maslinic acid, C) (+)-Catechin cianidanol, and D) Acarbose
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Figure 5. The 3D and Corresponding 2D Docking Pose of Acarbose in the Amylase Active Site Pocket

DISCUSSION

The use of computational (in silico) techniques has avail
scientist and researchers with a fast and cost-effective
approach to screen for potential drug candidates (Hou & Xu,
2004) from the large pool of existing compounds. In order to
discover potent antidiabetic drug candidates with high
binding affinity for the active site pocket of a-amylase,
Ziziphus spina-christi ligands library (Table 1) was screened
through the Lipinski’s rule for drug likeness (Table 2).

Christopher Lipinski proposed the rules of five (ROF)
which is employed to determine the druglike potential of
compounds via molecular weight < 500, number of HB
acceptor < 10, number of HB donor < 5 and octanol/water
partition coefficient (log p) <5 and polar surface area < 140A°
(Benet et al., 2016; Lipinski et al., 2001). The rule is premised
on the non-violation of more than one component of the five
components for a compound to be described drug-like. The
Lipinski rule was explored in the screening of compounds
from the compound library. Fifteen compounds from the
library were deemed fit as potential drug like compounds for
further analysis. Interestingly, these phytochemical
compounds of the Ziziphus spina-christi were of a better
druglike property compared to the standard drug. Acarbose
violated three ROF based on its high molecular weight,
hydrogen bond acceptor and donor values.

Poor pharmacokinetic studies have resulted in the
enormous attrition of drugs in preclinical and clinical trials
(Gurung et al, 2016). Therefore, screening of drug-like
molecules can increase the chances of passing through the
clinics (Gurung et al, 2020). The ADME test is used to
evaluate the pharmacokinetic properties of compounds
(Terao & Mukai, 2014). The gastrointestinal intestinal (G.I.)
absorption and Pglycoprotein (Pgp) inhibition were used to
determine the absorption of the hit compounds (Akinloye et
al., 2020). Epiceanothic, Betulinic acid, Ceanothic acid, and
the standard drug Acarbose had low intestinal absorption
while the other hit compounds had a high absorption as
shown in Table 3. Quercetin, Jujubogenin, Christinin III,
Christinin 1, Ceanothic, and the reference drug were not

substrates of for P-glycoprotein (P-gp) (Table 3). P-gp is a
type of membrane transport protein that inhibits the
absorption, distribution and bioavailability of drugs that
appear to be its substrates and release them out of circulation
(Akinloye et al., 2020). With respect to the amylase site of
action being in the gastrointestinal tract (GIT) before
absorption, it is plausible rational for the effective inhibitor
not to be readily absorbable through the GIT. Betulinic acid
and ceanothic acid had a low absorption as acarbose.
Arguably, the affinity of an inhibitor to amylase is also of
immense consideration which this study has revealed that the
understudied phytochemical compounds have better affinity
(as inhibitors) to acarbose.

Quercetin is the only CYP1A2 inhibitor, none of the
compounds was CYP2C19 inhibitor, =zizyberanalic or
colubrinic acid, ceanothenic acid, epiceanothic, betulinic
acid, and ceanothic acid are CYP2C9 inhibitors, Quercetin is
the only CYP2D6 inhibitor, Quercetin, Eriodictyol, and
christinin III were CYP3A4 inhibitors. The cytochrome P450
enzymes (CYPs) are important proteins in the metabolism
and detoxification of xenobiotics (foreign compounds)
(Brown et al, 2008). The inhibition of any of the drug-
metabolizing CYPs leads to the increase in the concentration
of the drug substrate and probable drug overdose (Murray,
2006).

Six toxicity classes were defined based on the Globally
Harmonized System of Classification and Labelling of
Chemicals (GHS) defined six toxicity classes by making use of
the LDso thresholds of 5, 50, 300, 2000 and 5000 mg/kg body
weight (Drwal et al., 2014). The LDso is the median lethal dose.
This is the dose of a substance which upon administration
causes fatality of half or 50% of the test subjects. The
Predicted LDso (mg/kg) in table 4 reveals that Christinin III
and I are both fatal if swallowed, quercetin is toxic if
swallowed, eriodictyol and maslinic acid are both harmful if
swallowed, sisymbrifolin, jujubogenin, colubrinic, and
epiceanothic may be harmful if swallowed, while (+)-catechin
cianidanol, (-)-epicatechin, ceanothenic acid and acarbose
were non-toxic. All the phytochemical compounds are not
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hepatotoxic whereas acarbose was hepatoxic. Quercetin,
eriodictyol, christinin III and I, maslinic acid, alphitolic acid
and Dbetulinic acid were carcinogenic compounds.
Jujubogenin, christinin III and I, zizyberanalic or colubrinic
acid, epiceanothic, maslinic acid, alphitolic acid, betulinic
acid, ceanothic acid and acarbose were immunotoxic .
quercetin, Christinin IIT and I are mutagenic. None of the
compounds was cytotoxic. In overall, the toxicity profile of
this study reveals that (+)-catechin cianidanol, (-)-
epicatechin, sisymbrifolin, and ceanothenic acid were not
hepatotoxic, carcinogenic, immunotoxic, mutagenic, and
cytotoxic.

Molecular docking as a computer-based approach, is used
in structure-based drug design comprising of numerous tools
for the prediction of binding model and energy of ligands with
their orientation or pose on the active site of proteins
(Elekofehinti et al., 2021; Kumar et al., 2021). The curated
compounds from Ziziphus spina-christi namely (+)-Catechin
cianidanol, (-)-Epicatechin, Quercetin, Eriodictyol,
Sisymbrifolin, Jujubogenin, Christinin III, Zizyberanalic or
colubrinic acid, Christinn 1, Ceanothenic acid, Epiceanothic,
Maslinic acid, Alphitolic acid, Betulinic acid, and Ceanothic
acid demonstrated a better binding affinity and orientation
compared to acarbose (the reference drug) that has a binding
energy of -7.3 kcal/mol for the selective active site residues
of a-amylase as shown in table 5. Generally, the more
negative the binding energy the better the affinity of a ligand
to a target receptor. Jujubogenin is suggested the best
candidate for exhibiting the highest negative binding energy
of -8.9 kcal/mol, followed by maslinic acid and (+)-Catechin
cianidanol with binding energies -8.5 and -8.4 Kcal/mol
respectively. The compounds from Ziziphus spina-christihad
better affinities compared to the standard drug acarbose. The
lower binding energies of these phytochemicals as compared
to acarbose is likely due to the greater number of weak non-
covalent intermolecular interactions and thermodynamically
feasible orientations or pose in the active site, especially the
hydrogen bonds interactions and the various hydrophobic
interactions with the amino acid residues of the enzyme.
Therefore, the relatively higher negative binding energy of
these compounds from the docking results shows that they
could be better selective inhibitors than the reference drug for
a-amylase in the management of postprandial
hyperglycaemia.

Jujubogenin is a complex triterpene with nine contiguous
stereocenters, six of which are quaternary, including four all-
carbon quaternary centers (Karimov et al., 2018). They have
been shown to have memory enhancing activity, anti-ageing,
anticancer, anticonvulsant, antidepressant, anti-emetic,
anti-inflammatory,  bronchovasodilatatory, antipyretic,
sedative, mast cell stabilizing activities and antibacterial
properties in a variety of pre-clinical and clinical studies as
reviewed in (Bhandari et al, 2020; Murthy, 2022). Maslinic
acid, a pentacyclic triterpene acid, exhibit a broad range of
biological activity, for example anti-diabetic, anti-
inflammatory, antimicrobial, anticancer, neuroprotective and
hepatoprotective activities (Deng et al, 2020). While,
catechins are polyphenolic compounds with antioxidative

property, and has been linked to the chemo-preventive and
anti-inflammatory activities of whole tea (Daussin et al,
2021).

Furthermore, negatively charged (acidic) amino acid
residues of D197, E233 and D300 in the active site of a-
amylase have been described to play key role in its catalysis.
The compounds interactions at the enzyme active site pocket
include hydrogen bonding, van der waals, and hydrophobic:
pi-pi stacking, pi-anion, alky, pi-alkyl, and pi-sigma
interactions as shown in figure 2-5 and table 6. Jujubogenin,
maslinic acid, and (+)-catechin cianidanol which are the
phytochemicals with the best binding affinity,
intermolecularly interacted with Asp197, asp300, or glu233
residues in the active site of the a-amylase. These compounds
could comparably inhibit amylase like acarbose since there
interactions would inhibit or slow down the catalysis of
polysaccharides to oligomers. This inevitably may lead to the
postprandial sugar control benefit for type 2 diabetic mellitus
patient. Hydrogen bond interactions have strong influence on
drug specificity, absorption, and metabolism in drug design.
Furthermore, hydrophobic interactions exist between
hydrophobic amino acid resides and aromatic or aliphatic
group on the compounds (ligands) (Omoboyowa et al., 2021).
The molecular docking result of the compounds from
Ziziphus spina depicts the probable mechanism for the
inhibition of a-amylase.

CONCLUSION

The results from this study reveals the potential of
phytochemical compounds from Ziziphus spina-christi as an
inhibitor to a-amylase which is a drug target for the
management of diabetes mellitus. Among the compounds
that did not violate the Lipinski rule, jujubogenin has the
highest negative binding affinity. Also, all the compounds
displayed higher negative binding affinity compared to
acarbose. Jujubogenin, Maslinic acid, and (+)-Catechin
cianidanol which are the best three phytochemicals with a-
amylase in terms of binding affinity, intermolecularly
interacted with key catalytic residues of Asp197, Asp300, or
Glu233 residues in the active site of the a-amylase. Ziziphus
spina-christi postprandial sugar control benefit for type 2
diabetic mellitus patient and molecular dynamic simulation
study on the three best identified compounds is
recommended to establish their binding stability with a-
amylase.
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