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Abstract

Palmatine a protoberberine alkaloid has been previously reported to possess in vivo antidiabetic and antioxidant property. The aim
of the experiment is to evaluate the in vitro antidiabetic activity and in-silico studies of the binding energies of Palmatine, acarbose,
and Sitagliptin with the three enzymes of alpha-amylase, alpha-glucosidase, and dipeptidyl peptidase-IV (DPP-IV). The in vitro
antidiabetic study was done by evaluating the inhibitory effect of palmatine on the activities of alpha-amylase, alpha-glucosidase,
and DPP-1V. Acarbose, and sitagliptin was used as standard drug. The molecular docking study was performed to study the binding
interactions of palmatine with alpha-glucosidase, a-amylase, and DPP-IV. The binding interactions were compared with the standard
compounds Sitagliptin and acarbose. Palmatine with IC, (1.31 + 0.27 uM) showed significant difference of (< 0.0001) higher inhib-
iting effect on alpha-amylase and weak inhibiting effect on alpha-glucosidase enzyme with IC, (9.39 + 0.27 uM) and DPP-IV with
IC_, (8.7 + 1.82 uM). Palmatine possess inhibition effect on the three enzymes.
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Introduction was 8.4% in 2017 and predicted to grow to 9.9% in 2045

(Cho et al. 2017). There is an increase interest towards the

Diabetes mellitus (DM) is a metabolic multiple etiology
disease associated with high blood sugar levels (Kharrou-
bi and Darwish 2015). DM is associated with minor and
major complications such as renal function, liver functi-
on, dyslipidemia, and cardiovascular disease (Rangel et al.
2019). According to the International Diabetes Federation
Atlas 2017, the globally estimated prevalence of diabetes

discovery of new leads from plants with strong antidiabe-
tic property to be developed as potential antidiabetic the-
rapy. There are many mechanisms of antidiabetic drugs
such as to suppress hepatic glucose production (Biguani-
des), stimulate insulin secretion (sulfonylureas), improve
the sensitivity of insulin receptor and peripheral glucose
uptake (thiazolidinedione’s) and delay digestion and ab-
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sorption of intestinal carbohydrates to maintain the post-
prandial glucose levels (Meneses et al. 2015). One of the
therapeutic approaches for DM management is to reduce
the postprandial hyperglycemia by delaying the digestion
and absorption of carbohydrates such as alpha- glucosi-
dase and alpha-amylase enzyme in the digestive tract. In-
hibitors of alpha- glucosidase and alpha-amylase enzyme
delays the digestion of carbohydrate and prolong the car-
bohydrate digestion rate, which causes a reduction in the
absorption rate of glucose and consequently decrease the
postprandial hyperglycemia (Ahmed et al. 2016; Akuba et
al. 2018; Tar et al. 2020). Researchers are equally interested
in antidiabetic drugs that target incretin pathway. Incre-
tins are hormones predominantly glucose-dependent in-
sulin tropic polypeptide (GIP) and glucagon-like peptide
1 (GLP-1) produced by the intestinal mucosa that enhance
glucose-induced insulin secretion and lower blood gluco-
se concentration levels (Thakare et al. 2017). About 60% of
the insulin release in the body is through incretin pathway
via the activity of GLP-1 and GIP (Salehi et al. 2012). The-
refore, there are two main approaches in the GLP-1 the-
rapies have been used for the treatment of diabetes. Both
treatments aim to extend the time of GLP-1 circulation in
the liver. Dipeptidyl peptidase-IV (DPP-IV) is serine pro-
tease enzyme that is responsible for the rapid degradation
of incretins GLP-1 and GIP-1 (Lin et al. 2019).

Palmatine, is a bioactive protoberberine alkaloid,
which was isolated from Coscinium fenestratum (CF) stem
extract. CF belongs to the plant family name Menisper-
maceae and commonly known as ‘tree turmeric’. Previous
report has shown that the stem extract of CF and Palmati-
ne possess in vivo antidiabetic and antioxidant properties.
This study was aimed to evaluate the in-vitro antidiabetic
activity and in-silico studies of the binding energies of pal-
matine and the standard compounds with the three active
centers of alpha-amylase, alpha-glucosidase, and DPP-IV
enzymes.

Materials

Abbreviation's

ADT = AutoDockTools, DM = Diabetes melltius;
DNS = 3,5-Dintirosalicylic acid DPP-IV = Dipeptidyl
peptidase-IV; GIP = Glucose-dependent insulin tropic po-
lypeptide; GLP-1 = glucagon-like peptide 1; NaOH = so-
dium hydroxide.

Chemicals

Palmatine (Sigma Aldrich, USA), alpha-glucosidase from
Saccharomyces cerevisiae (E.C. 3.2.1.20) (Sigma Aldrich,
USA), alpha-amylase from porcine amylase ((E.C. 3.2.1.1)
(Sigma-Aldrich, USA) DPP-IV enzyme (Sinar Scientific,
Malaysia), starch (Friendmann Schmdit, Austria), sucro-
se (EMD, Millipore Chemicals, France), 6N HCL (Sinar
Scientific, Malaysia), Sodium phosphate buffer (Sigma

Aldrich, USA), 3,5-dinitrosalicylic acid (Systrem, Ma-
laysia), sodium potassium tartrate tetrahydrate (Hopkins
and Williams, UK), Sodium hydroxide (Systrem, Ma-
laysia), Rebaudioside (Sigma Aldrich, USA), Tris buffer
(Bio-Rad, United States), 25% glacial acetic acid (Merck,
Germany), Acarbose (Sigma-Aldrich, USA), Sitagliptin
(Januvia, MSD Pharmaceutical Pvt. Ltd., India), Glimepi-
ride (Amaryl, Sanofi India Pvt. Ltd., India), Metformin
(Glucophage XR, Merck, Malaysia).

Equipment

Vortex mixer (LMS CO., LTD, Japan); Centrifuge machi-
ne (Zentrifugen, Germany); pH meter (Mettler Tolledo,
Switzerland); UV-Vis spectrophotometer (SECOMAM,
France); Water bath (Copens Scientific (M) Sdn Bhd, Ma-
laysia); Electronic balance (Mettler Toledo, Switzerland);
FLUOstar Omega Plate Reader (Thermofisher, USA).

Methodology
In-vitro Anti-diabetic studies
Alpha-Amylase inhibiting activity

The inhibiting activity of alpha-amylase was performed ac-
cording to the method by Gonzalez-Montoya et al. 2018.
The reaction mixture contained 1mL of Palmatine solution
at concentrations of 29.2, 58.4, 87.61, 116.81 and 146.02
uM and ImL of alpha - amylase solution (2U/mL). The
mixture was pre-incubated for 30 minutes and then 1 mL
of the starch solution was added to the reaction and in-
cubated at 37 °C for 10 minutes. The reaction mixture was
stopped by adding 1 mL of DNS solution 12.0 g of sodium
potassium tartrate tetrahydrate in 8 ml of 2M NaOH and
96 mM of 3,5-dinitrosalicylic acid solution and the mixtu-
re was boiled for 5 minutes. The negative control was pre-
pared without sample and acarbose was used as standard
drug (positive control), the following equation was used to
determine the percentage of inhibition of each compound
using equation 3.1. Inhibitory concentration 50% (IC, ) of
alpha - amylase enzyme inhibiting activity of each com-
pounds were calculated using Graph Pad Prism version 7.0.

(Absorbance of control — Absorbance of sample)

% inhibition = x100

Absorbance of control

Alpha-Glucosidase inhibiting activity

The alpha-glucosidase inhibiting activity was performed
according to a method described by Pandithurai et al. 2015.
ImL of 2% w/v of sucrose solution was added as the sub-
strate in 0.2 M of Tris buffer (pH 8.0). ImL of palmatine at
concentrations of 29.2, 58.4, 87.61, 116.81 and 146.02 uM
was added to the reaction mixture and incubated for 5 mi-
nute at room temperature. 1 mL of the alpha - glucosidase
enzyme (10U/mL) was added into the reaction mixture for
initiation of the reaction followed by incubation for 40 mi-
nutes at 35 °C. The reaction was terminated by the addition
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of 2 mL of 6N HCL. The intensity of the color was measured
at 540 nm. Acarbose was used as standard drug control.
The absorbance was measured at 540 nm. The % inhibition
was calculated as given equation 3.1. IC, of alpha - gluco-
sidase enzyme inhibiting activity of each compounds were
calculated using Graph Pad Prism version 7.0.

Dipeptidyl peptidase IV inhibiting activity
(DPP-1V)

The inhibiting activity of dipeptidyl peptidase IV (DPP-
IV) was performed according to the method by Gon-
zalez-Montoya et al. 2018 with slight modifications.
DPP-1V inhibiting activity was performed with a pre-in-
cubation volume 200 pL containing 50 uL of DPP-IV enzy-
me (500 pg/mL) and 25 pL of 29.2, 58.4, 87.61, 116.81 and
146.02 uM concentration of Palmatine drugs on 96-mi-
crowell plates. This mixture was incubated at 37 °C for 5
minutes, followed by the addition of 100uL rebaudioside
(substrate). The reaction mixture was incubated for 15 mi-
nutes at 37 °C and the reaction was terminated with 25 pL
of 25% glacial acetic acid. Absorbance was measured at
405 nm. The negative control was without palmatine and
sitagliptin was used as standard drug. The percentage of
inhibition was calculated as given in equation 3.1. IC, of
DPP-IV enzyme inhibiting activity of each compounds
were calculated using Graph Pad Prism version 7.0.

In-silico studies

The molecular docking study was performed using Auto-
Dock Vina 1.1.2. The X-ray crystallographic structures of
the target receptors, alpha — glucosidase (PDB ID: 3W37),
alpha - amylase (PDB ID: 4W93) and DPP-IV (PDB ID:
4A5S), bound with their co-crystallized ligands were re-
trieved from the protein data bank (PDB) at resolutions of
1.70 A, 1.35 A and 1.62 A, respectively. The protein struc-
tures were prepared for docking using Biovia Discovery
Studio (DS) and AutoDock Tools (ADT) 1.5.6. All the wa-
ter molecules, co-crystallized ligands and other heteroa-
toms were removed and polar hydrogen atoms, as well
as Gasteiger charges, were added. Following the protein
preparation, the structures of palmatine and the standard
compounds, acarbose and Sitagliptin, were downloaded
from PubChem and converted into their respective 3D
structures using Biovia DS. The ligands were imported
into AutoDock where ADT was used to add charges, set
the rotatable bonds, and allow all the torsions to rotate for
the ligands. Then, the amino acid residues of the prepared
protein structures that involved in the interactions with
the co-crystallized ligands were determined in which the
binding site of each protein structure was identified based
on the determined residues. ADT was used to determine
the Grid Box that covers the entire binding site of the pro-
tein. The coordinates and size of the Grid Box were saved
in the input parameter file. Finally, the prepared ligands
were docked into the active sites of the prepared proteins’
structures. All the docking parameters have remained as
default settings. The binding energies of the ligands were

recorded and compared (the more negative value indicates
the higher affinity). The binding poses of the ligands and
the mode of interactions of the protein-ligand complexes
were studied thoroughly using Biovia DS.

Statistical analysis

All data were presented as mean (+) standard deviation
(SD) in triplicates (n = 6) using the XL. STAT 7.0. The
data were statistically analyzed by One-Way ANOVA fol-
lowed by Dunnet’s Test. Values were considered statistical-
ly significant and denoted as; p < 0.05 = a; p < 0.01 = b;
p < 0.001 = ¢; p < 0.0001 = d and data which were not
found significantly different from each other, denoted by
same superscript letter.

Results
In-vitro anti-diabetic activities
Alpha-amylase enzyme inhibiting activity

The effect of palamtine on the alpha-amylase activity was
investigated using starch substrate. Acarbose was used as
psitive control and glimepiride and metformin was used
as standard drug. On the basis of IC,,, Palmatine with IC,,
(1.31 £ 0.27 uM) showed significant (< 0.0001) higher in-
hibiting effect on alpha-amylase followed by metformin
(2.5 £ 0.47 uM), acarbose (2.94 £ 0.36 pM) and glimepi-
ride (4.98 + 0. 47 uM) as shown Figure 1. However, met-
formin and acrbose had similar inhibtiory effect on alpha-
amylase enzyme.

Alpha-Amylase enzyme Inhibiting activity
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Figure 1. Alpha-amylase enzyme inhibting activity (IC_ (uM) of
palmatine, glimepiride, metformin and standard drug(acarbose).
The result are shown as Mean + standard deviation in triplicates
(n = 3). The data were statistically analyzed by One-way ANO-
VA followed by Dunnet’s post hoc test. Graph showed that acar-
bose(a) vs. glimepiride = p < 0.001 = ¢; acarbose vs. metformin =
p <0.01 =b; acarbose vs. palmatine = p < 0.0001 = d. Glimepiride
vs. Metformin = p < 0.001 = ¢, glimepiride vs. palmatine = p <
0.0001 = d, metformin vs. palmatine = p < 0.0001 = d.

Alpha-glucosidase enzyme inhibiting activity
The effect of palamtine on the alpha-glucosidase enzyme ac-
tivity was investigated using sucrose as substrate. Acarbose
was used as positive control drug, glimepiride and metfor-
min was used as standard drugs. On the basis of IC,, palma-
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tine had a weak inhibiting effect on alpha-glucosidase en-
zyme with IC, | (9.39+0.27uM). Metformin and glimepiride
had similar inhibtiory effect with IC_ (9.5 + 1.11 uM and 9.9
+ 0.22 uM). However, acarbose showed a very strong inhib-
tiory effect with IC,  (1.31 + 0.2 uM) as shown in Figure 2.
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Figure 2. Alpha-glucosidase enzyme inhibting activity
((IC,,(uM) of palmatine, glimepiride, metformin and standard
drug(acarbose). The result are shown as Mean + standard devi-
ation in triplicates (n = 3). The data were statistically analyzed
by One-way ANOVA followed by Dunnet’s post hoc test. Graph
showed that acarbose(a) vs. glimepiride = p < 0.0001 = d; acar-
bose vs. metformin = p < 0.0001 = d; acarbose vs. palmatine =
p < 0.0001 = d. Glimepiride vs. metformin = No significant = d,
glimepiride vs. palmatine = No significant = d and metformin vs.
palmatine = No significant = d.

Dippetidyl peptidase enzyme (DPP 1V) In-
hibiting activity

The effect of palamtine on the dippetidyl peptidase enzy-
me activity was investigated using rebaudioside as a sub-
strate. Sitagliptin was used as positive drug, glimepiride
and metformin was used as standard drug. On the basis

of IC,,, palmatine had a weak inhibiting effect on DPP-
IV with IC_ (8.7 + 1.82 uM) and sitagliptin showed a
very strong inhibtiory effect with IC, (1.07 + 0.23 uM)
as shown in Figure 3. Metformin and glimepiride did no
showed any inhibition against DPP-IV enzyme.

DPP IV enzyme inhibiting activity
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Figure 3. DPP-IV enzyme inhibting activity ((IC_(uM) of
glimepiride, metformin, palmatine and standard drug(sita-
gliptin). The result are shown as Mean * standard deviation in
triplicates (n = 3). The data were statistically analyzed by One-
way ANOVA followed by Dunnet’s post hoc test. Graph showed
that sitagliptin (a) vs. palmatine = p < 0.0001 = d. Glimepiride
and metformin = NA = No activity.

In-silico studies

The docking study of palmatine and the standard com-
pounds, acarbose and sitagliptin, allowed to display the affi-
nity and the best binding pose of the respective compounds
within the active sites of alpha-glucosidase, alpha-amylase
and DPP-IV in addition to the elucidation of the interacti-
ons and the amino acids involved in the binding. The re-
sults of docking studies are presented in Table 1, the lower

Table 1. The binding energies of palmatine and the standard compounds with the three active centers of alpha-amylase, al-
pha-glucosidase and DPP-IV enzymes (Table shows the result of the binding energies of palmatine and the standard drug acarbose

and sitagliptin).
Compound Structure Binding Energy (Kcal/mol)
alpha-glucosidase alpha-amylase DPP-IV
Palmatine -6.4 -7.8 -8.0
Acarbose -8.3 -8.8 -9.4
Sitagliptin -8.7 -8.7 -9.2
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value of the binding energy indicates a higher binding af-
finity within the active site of the respective protein target.

Discussion

Hyperglycemia is categorized as a common metabolic ab-
normality in diabetes mellitus. Hyperglycemia is a condi-
tion in which an excessive quantity of glucose circulates in
the blood plasma due to insufficient secretion or impaired
action of insulin (Kortykowski et al. 2012), thus it is ess-
sential to mainatin the glucose levels. The alpha-amylase
enzyme is a endonulcease enzyme which is resposnible for
the digestion of polysacchardies and alpha-glucosidase is
located in the brush border of small inestinal area and res-
ponsible for the digestion of oligosacchardies (Telagari and
Hullatti 2015) DPP-1V is serine protease enzyme and loca-
ted in the liver, responsible for the deactivation of incretins
(Lin et al. 2019). These enzymes are the key enzymes for
the regulating the blood glucose level by delaying digestion
and absorption of carbohydrate and incretins. In the pre-
sent study we have investigated the ability of palmatine to
inhibit the enzymatic activity of the alpha-amylase and alp-
ha-glucosidase and observed that palmatine have a strong
alpha-amylase inhibiting activity and weak alpha-glucosi-
dase and DPP-IV enzyme inhibiting activity. Several stu-
dies have shown that polyphenols, flavonoids, alkaloids are
known for the inhibition of carbohydrates enzyme activity
(Kidane et al. 2018; Unuofin et al. 2018). Palmatine is an
alkaloid, which may interact with the specific position of
the enzymes thereby reducing the activity the alpha-amyla-
se and alpha-glucosidase. However, palmatine is a potent
inhibitor of alpha-amylase enzyme and weak inhibitor of
alpha-glucosidase enzyme. There is a contradictory in the
activity of the alpha-glucosidase enzyme of flavonoids

and alkaloids; many studies have shown that flavonoids
and alkaloids are the weak inhibitors of alpha- glucosida-
se enzyme (McDougall et al. 2005) and some studies have
shown that flavonoids and alkaloids are potent alpha-
glucosidase enzyme (Yin et al. 2014). Several studies have
shown that Flavonoids and alkaloids are known as a potent
alpha-amylase inhibitor (Kidane et al. 2018, Telagari and
Hullatti et al. 2015; Somtimuang et al. 2018) which was in
accordance with alpha-amylase inhibitory activity of pal-
matine found in our study. In-vitro DPP-IV inhibiting ac-
tivity, palmatine showed relatively lower inhibiting activity
of DPP-IV compared to sitagliptin. Several recent progres-
ses of DPP-IV inhibitors have shown that chemical com-
ponents of natural sources were found with potent DPP-IV
inhibitory activity (Kim et al. 2018). A study has shown
that Berberine which is an alkaloid have potency to inhibit
the DPP-IV enzyme, but activity was lower compared to
sitagliptin (Beidokhti et al. 2018). which was in accordance
with DPP-IV inhibiting activity of palmatine observed in
our study. In-vitro anti-diabetic studies have demonstrated
that palmatine may interfere or delay the digestion or ab-
sorption of dietary carbohydrate and incretins leading to
the suppression of postprandial hyperglycemia. Hence, it
may be useful in the management of diabetes melltius.
According to the docking results, acarbose has shown
the highest binding affinity (binding energy -8.8 kcal/mol)
to the alpha-amylase. The high affinity is attributed to the
hydrogen bond interactions between the ligand and the
active site residues of the receptor. As can be seen in Fi-
gure 4, the ligand interacts with alpha-amylase via five hy-
drogen bonds. Three hydrogen bonds form between two
hydroxyl groups of the ligand and the residues TRP59,
GLN63 and ASP300, respectively. The oxygen atom in
tetrahydropyran forms one hydrogen bond with the resi-
due GLN63 while the amino group of the ligand form one

Figure 4. Docking interaction and binding mode of acarbose and alpha-amylase enzyme. The hydrogen bonds are presented in

green dotted lines.
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hydrogen bond with the residue THR163 of the receptor.
All the amino acid residues act as hydrogen bond donors.

In contrast to acarbose, no hydrogen bond interactions
were observed between palmatine and alpha-amylase. The
isoquinoline group of palmatine displays m-t staked inter-
actions with the aromatic ring of TRP59. Additionally, the
tetrahydronaphthalene group displays another n-n staked
interaction with the aromatic residue TYR62 (Figure 5).
The five hydrogen bonds that observed between the acar-
bose and alpha-amylase play an important role in stabili-
zing the ligand in the active site of alpha-amylase. Whereas,
the lack of hydrogen bond interactions between palmatine
and alpha-amylase result in a lower binding affinity.

The binding mode of acarbose within the active
site of alpha-glucosidase receptor showed that the li-
gand forms two hydrogen bond interactions with the
receptor. These hydrogen bonds form between the hy-
droxyl groups of the ligand and the residue MET470
and SER497, respectively, in which the amino acids
residues act as hydrogen bond donors. Moreover, the
methyl group of the ligand interacts with the aroma-
tic rings of PHE236 and PHE601 (Figure 6). Similar-
ly, palmatine shows two hydrogen bond interactions
with alpha-glucosidase. Both hydrogen bonds form
between the two methoxy groups of the dimethoxy-te-
trahydronaphthalene of the ligand and the residue

Figure 5. Docking interaction and binding mode of palmatine and alpha-amylase enzyme. The n-t staked interactions are present-

ed in magenta dotted lines.

\ ' Serd97
AT

AT
{

N

Met470

A\

Figure 6. Docking interaction and binding mode of acarbose and alpha-glucosidase enzyme. The hydrogen bonds are presented in

green dotted lines and the m-alkyl interactions are presented in pink dotted lines.
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SER497. Palmatine also displays aromatic interactions
with the receptor (Figure 7). These interactions were
observed between the isoquinoline group and the resi-
due ALA234 from one side and the tetrahydronaphtha-
lene group and the residues ILE233 and LYS506 from
the other side (Figure 7).

Both acarbose and palmatine displayed similar in-
teractions with alpha-glucosidase. However, acarbo-
se exhibited a higher affinity to the receptor (binding
energy -8.3 Kcal/mol) than palmatine (binding energy
-6.4 Kcal/mol). The higher affinity can be attributed, to
the hydrogen bond interactions with two different resi-

dues MET470 and SER497 which were observed with
acarbose in contrast, to the hydrogen bond interactions
with only one residue SER497 which, were observed
with palmatine.

Sitagliptin was used as a standard compound where it
exhibited high affinity towards DPP-IV receptor (binding
energy -9.2 Kcal/mol). The ligand involved in several in-
teractions with DPP-IV in which the two fluorine groups
of the phenyl ring and the carbonyl group form four hy-
drogen bonds with the residues ARG358 and ARG125,
respectively. The ligand acts as hydrogen bond acceptor
where it accepted the hydrogen atoms from ARG. Addi-

Figure 7. Docking interaction and binding mode of palmatine and alpha-glucosidase enzyme. The hydrogen bonds are presented in
green dotted lines and the m-alkyl interactions are presented in pink dotted lines.

s

R 3 Tyr662

Figure 8. Docking interaction and binding mode of sitagliptin and DPP-IV enzyme. The hydrogen bonds are presented in green
dotted lines, the m-mt staked interactions are presented in magenta dotted lines and the m-alkyl interactions are presented in pink
dotted lines.
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Figure 9. Docking interaction and binding mode of palmatine and DPP-IV enzyme. The hydrogen bonds are presented in green

dotted lines, the nt-nt staked interactions are presented in magenta dotted lines and the m-alkyl interactions are presented in pink

dotted lines.

tionally, the phenyl ring of the ligand displays m-t sta-
ked interactions with the aromatic residue PHE357 and
the methyl group interacts with the aromatic residues
TRP659, TYR662 and TYR666 (Figure 8). On the other
hand, palmatine interacts with DPP-IV through one hy-
drogen bond that formed between the methoxy group of
the ligand and the residue LYS554 where the ligand acted
as hydrogen bond acceptor. Besides, three aromatic inter-
actions were observed between the isoquinoline group
and tetrahydronaphthalene group of the ligand and the
residue TYR547 (Figure 9).

The binding interactions of sitagliptin (four hydrogen
bonds and the aromatic interactions) contribute to the
strength of binding and the high affinity of the ligand to-
wards the DPP-IV receptor in comparison to palmatine
which involved in only one hydrogen bond and three aro-
matic interactions with the same residue of the receptor.
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