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Diabetes is a global disease problem that is thriving due to its synthetic medicine sustaining antibiotic resistance.
Purslane leaves (Portulaca oleracea) with a high content of ®-3 fatty acid, particularly a-linolenic acid (ALA),
have emerged as an alternative antidiabetic herbal medicine. This study aims to identify the potential of purslane

leaf extract as an antidiabetic herbal medicine by analyzing the target protein tyrosine phosphatase 1B (PTP1B) to
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the ALA through molecular docking analysis. The research results showed that the highest extract volume yield
was achieved in 120 minutes and a speed of 1,000 rpm using the stirring maceration method. The extract results
with several solvents have properties that are appropriate to the standards. Sample E36 shows the most optimal
potential because of the large number of ®-3 fatty acid functional groups then which will be analyzed further. The
gas chromatography-flame ionization detection chromatogram shows a high ALA content in E36 and molecular
docking analysis shows a binding affinity value of —3.4 kcal/mol to the target protein PTP1B, with hydrogen bonds

and hydrophobic interactions. This compound has the potential for development as an anti-diabetic herbal medicine,
with further exploration for efficacy in vivo and in vitro.

INTRODUCTION

Diabetics around the world continue to grow along
with the increase in population and lifestyle changes, as well as
genetic factors. Based on data from the International Diabetes
Federation, around 537 million people worldwide had diabetes
in 2021, with around 374 million having type 2 diabetes [1,2].
This number continues to increase along with research and
global demographic development. The disease is of global
public health concern because of its significant impact on the
health and quality of life of individuals as well as the burden it
places on the health care system [3].
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Nowadays, diabetes medication treatment still uses
synthetic medicine such as thiazolidinediones, sulfonylureas,
and artificial insulin [4,5]. It causes antibiotic resistance if
used for a long period. Furthermore, natural content such as
-3 fatty acids are faced to overcome this problem. These fatty
acids are of great importance, but cannot be synthesized by the
human body’s metabolism [6,7]. The most essential ®-3 fatty
acid consist of several types such as o-linolenic acid (ALA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA).
ALA has an important role in human growth, development, and
disease prevention. It functions as a precursor of long-chain ©-3
fatty acids, including EPA, DPA, and DHA [8].

Furthermore, as highlighted in disease prevention,
ALA is emerging as a key aspect of diabetes management by
reducing nitrative stress, strengthening eNOS activity, and
improving insulin sensitivity [9]. This prevents endothelial
dysfunction through the PI3K/Akt pathway due to chronic
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hyperglycemia and increases glucose absorption which can
treat insulin resistance. It also reduces the symptoms of diabetes
complications such as cataract formation, blood vessel damage,
and polyneuropathy [10].

The highest content of the ALA compound is found
in purslane leaves (Portulaca oleracea). The compound almost
accounts for the majority of the abundance of ®-3 fatty acids in
these leaves [11]. Generally, the -3 fatty acid content (FAC)
in purslane leaves is five times higher compared to spinach.
That leaves also contain 2%-2.5% protein which can lower
blood cholesterol and is rich in vitamins A, B, C, and minerals
[12]. Compared to ®-3 fatty acids from fish oil, its leaves
have the advantage of being low in cholesterol, triglycerides,
and calories [13]. Therefore, purslane leaves have very high
potential thereby the right method is needed to obtain ®-3 fatty
acids. In this research, purslane leaf extract will be obtained
using stirring maceration which can optimize the yield of ®-3
fatty acids. The results obtained will be tested using several fatty
acid parameters, and the contents were identified to analyze the
potential development as an antidiabetic herbal medicine with
molecular docking.

MATERIAL AND METHODS

Materials

Ethanol (>99.7%), chloroform (99.5%), and iodine
(>99.8%) were purchased from PT. Smart Lab in Indonesia.
N-hexane (=99%), H,SO, (=98%), potassium hydroxide
(>85%), and potassium iodide (>99%) were purchased from
Merck, Germany. Acetic acid (>99.7%), sodium thiosulfate
(99%), and phenolphthalein (=98.0 %) were both purchased
from Sigma Aldrich, Singapore. Filter paper Whatman TM
grade 40 quantitative and aquadest were purchased from
Chemindo, Indonesia. Purslane leaves were obtained from
Mojokerto, Indonesia.

Instrumentations

Gas chromatography-flame ionization detection
(GC-FID) (PerkinElmer Clarus 690), rotary evaporator
(Buchi R-300), grinder 50-300 mesh (Shenzhen Yason

General Machinery), magnetic stirrer (NESCO LAB MS-
H280-Pro), Fourier transform infrared spectroscopy (FTIR)
spectrophotometer (Perkin Elmer Spectrum Two).

Preparation of purslane leaves extract

Fresh purslane leaves are selected, cleaned, and dried.
10 g of dried leaves each were put into three separate beakers to
be extracted using the solvents ethanol, n-hexane, and ethanol-
n-hexane (1:1) and performed at different volumes (50, 100,
and 200 ml). Stirring maceration was carried out with variations
in time (15, 30, 60, and 120 minutes) and speed (600, 800, and
1,000 rpm). The extraction results were filtered and concentrated
using a rotary evaporator at a temperature of 50°C(water bath)
and 1°C (chiller) to obtain ®-3 fatty acid concentrate. Table 1
shows the operational conditions for maceration stirring using
ethanol (E). The same operational conditions are also used for
two other types of solvents, namely n-hexane (H), and ethanol-
n-hexane (EH).

Characterization of purslane leaves extract

Optimization of yield

Response surface methodology is used to determine
the relationship between response results and stirring maceration
parameters based on Table 1 based on optimal solvent volume.
The graph obtained will show the impact of the parameters by
looking at the surface and contours formed [14].

Determination of moisture content (MC)

MC testing is carried out by measuring the difference
in weight before and after heating (AOAC 930.15). The test
was carried out at a temperature of 103°C = 2°C for 3 hours and
calculated using the following calculations [15].

MC (%) = 2 100

=~ X
=5 6

where W is the container mass (g), W, is the container

mass with the sample (g), and W, is the sample mass after

drying (g).

Table 1. Operational conditions on stirring maceration of purslane leaves with ethanol solvent.

Code T (minutes) V(rpm) Vol (ml) Code T (minutes) ¥V (rpm) Vol (ml) Code T (minutes) V (rpm) Vol (ml)
E1 15 600 50 E13 30 800 50 E25 60 1,000 50
E2 15 600 100 E14 30 800 100 E26 60 1,000 100
E3 15 600 200 E15 30 800 200 E27 60 1,000 200
E4 15 800 50 E16 30 1,000 50 E28 120 600 50
E5 15 800 100 E17 30 1,000 100 E29 120 600 100
E6 15 800 200 E18 30 1,000 200 E30 120 600 200
E7 15 1,000 50 E19 60 600 50 E31 120 800 50
E8 15 1,000 100 E20 60 600 100 E32 120 800 100
E9 15 1,000 200 E21 60 600 200 E33 120 800 200

E10 30 600 50 E22 60 800 50 E34 120 1,000 50
E11 30 600 100 E23 60 800 100 E35 120 1,000 100
E12 30 600 200 E24 60 800 200 E36 120 1,000 200
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Determination of free fatty acid (FFA)

FFA is measured using the AOAC 940.28 method. 2 g
of sample were weighed and placed in a 250 ml conical flask.
A mixture of 25 ml diethyl ether, 25 ml of alcohol, and 1 ml
of 1% PP indicator (w/v) was added to the flask. The flask is
placed in a water bath until the mixture is completely dissolved.
The hot solution is then titrated with 0.1 M KOH until a pink
color emerges for 15 seconds. The FFA can be calculated by the
following equation [16]:

V x5.6
Y

where V'is the KOH volume (ml), and W is the sample
mass (g).

FFA (mg KOH/g) =

Determination of peroxide value (PV)

PV uses AOAC 965.33 method. 5 g of sample is put
in a closed conical flask. A mixture of 18 ml CH,COOH and 12
ml CHCI, (3:2) is added and stirred until homogeneous. A 0.5
ml of saturated KI solution is added using a pipette. The flask
is shaken for 1 minute, then 30 ml of distilled water is added.
Titration is carried out using 0.01 N Na,S O, until obtained a
pale-yellow. Before continuing, the titrate is added with a starch
solution to liberate all iodine in the CHCI, layer, titrated with
Na S O,, and shaken to the end point with marked loss of blue.

27273
The calculation is explained by the following equation [17]:

V x N x1000
w
where V' is Na,S,0, volume (ml), N is Na,S O,

27273
normality (N), and W is the sample mass (g).

PV (meq O /kg) =

Determination of iodine value (IV)

The method used is AOAC 993.20. 10 ml CH3Cl
and 25 ml of Hanus reagent were mixed into the 0.5 g sample,
incubated the solution for 30 minutes in the dark add 10 ml of
15% KI, and 100 ml of aquadest as well. The mixed solution
was titrated with 0.1 M Na,S,O, until a pale-yellow color and
continued titration until the blue color disappeared, using starch
solution as an indicator. The IV is calculated using the following
equation [18]:

(V,=V) xM x12,69
w

The chemical reactions involved in iodine value
determination are illustrated in Figure 1. where V| is Na,S,0,

IV (g I/100g) =

R R, R

>_< + |—c —> |§—é| + 1 cl
excess remainin

H 4 H H g

== + 2Kl —» KCl + Kl * I,

l + Starch + 2NaS,0, — 2Nal + Starch + Na,5,0g

(blue) (colorless)

Figure 1. Chemical reactions involved in IV determination.

volume (ml), V, is Na,S O, and sample volume (ml), M is
Na S 0, molarity (M), and W is the sample mass (g).

Determination of saponification value (SV)

SV is specified using the AOAC 920.160 method. 5
g of purslane leaf extract was dissolved in 100 ml KOH (0. 5
M) and heated under reflux for 2 hours. After cooling, three
drops of PP indicator are added, then titrated with 1 M HCI until
the pink color disappears. Each sample is treated in triplicate
to calculate the average value. The SV is calculated using the
following equation [19]:

56.1 xM x(V,=V)

/4

where M is HCI molarity (M), V, is HCI volume as a
blank (ml), V, is HCI volume with sample (ml), and W is the
sample mass (g).

SV (mg KOH/g) =

Functional group evaluation by FTIR

The FTIR (Perkin Elmer Spectrum Two) was employed
to obtain infrared spectra from purslane leaves extract samples.
The sample is carefully placed into an iron tube located above
the diamond crystal plate. The range of wavenumbers examined
from 4,000 to 500 cm™'. The information obtained from the
FTIR band will show the functional groups of ®-3 fatty acids in
the sample [20].

Identification of fatty acids by GC-FID

Analysis of the fatty acid composition is carried out
using GC-FID. The column used is a glass column (length 25
m, thickness 0.25 pm, diameter 0.25 mm) with stationary phase
CPSil 5 CB. This analysis was performed at a temperature of
50°C-250°C, with an increase rate of 25°C/minute-200°C/ml
and 18 minutes for separation ratio. The helium, with a pressure
of 12 kPa, is used as a carrier gas. The result of the resulting
analysis is the composition of fatty acids and their relative
percentage. Quantitative determination of FAC is carried out
using the following equation [21]:

FAC (g/100g) =C x %

where C is the fatty acids percentage (%), Y is the
filtrate mass after evaporation (g), and W is the sample mass (g).

Antidiabetic analysis by molecular docking

The protein used in this study was phosphatase 1B
(PTP1B) (PDB ID: 4Y14) as an antidiabetic target. X-ray
crystals for protein receptors were obtained from the Research
Collaboratory for Structural Bioinformatics webserver. The
proteins are sterilized using AutoDockTools-1.5.7 to remove water
molecules. Proteins use only the A chains needed for molecular
docking. The initial preparation is that all nonessential ligands and
molecules must be removed from the protein. Then the protein
is added to polar hydrogen and charge. Protein is designated as
macromolecule on a grid arrangement and saved as .pdbqt format.

The preparation of the 3D ligand conformer refers to
the identified GC-FID compound. Compound data is obtained
from the PubChem web server in .sdf format, and converted into
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.pdb format using the NCI/CADD Group Chemoinformatics
User Tools and Services for processing in AutoDockTools 1.5.7.

The complex compound between the PTP1B protein as
a receptor and ligand was simulated using AutoDock Vina with
predetermined ligand coordinates. Compounds with the lowest
binding affinity were visualized in 3D using PyMOL to see the
position of ligands against protein receptors. The 3D results are
stored in .pdb form to analyze the interaction between receptors
and ligands in 2D form using LigPlot+.

RESULTS AND DISCUSSION

Yield

This research provides statistical data that a solvent
with a volume of 200 ml obtains an optimal yield. This occurs
because increasing the solvent volume causes an expansion
of the contact area on the samples [22]. Figure 2 is a surface
and contour graph that shows the results of yield volume with
maceration stirring in different types of solvents. Figure 2a shows
the optimal location of the sample which produces the highest
yield volume with a time of 120 minutes and a speed of 1,000
rpm. The distribution of the widest contour area (purple) can be
seen in Figure 2a that too short a time is not able to increase the
yield volume. Figure 2b from also shows the optimal location
of the sample under the same operational conditions. However,
the difference in the area of the contour can be seen in red that
the speed in Figure 2a has a significant influence compared to
Figure 2b. Figure 2¢ provides a different indication compared to
the two previous images where the purple contour area is not the
widest part. This explains that speed has a significant impact on
increasing the yield volume. According to Martinez-Ramos et
al. [23], stirring maceration with two combinations of solvents
can cause interactions between solvents, thereby affecting the
chemical and physical properties of the solvent. This interaction
causes changes in the contour.

Regarding the type of solvent, the more polar ethanol
has a significant influence on the binding of unsaturated fatty
acids (UFAs). As also explained by Montoya-Garcia et al. [24],
purslane leaves have a high UFA content (50%—-88%) and most
of it comes from ®-3 fatty acids which are easily attracted
by polar solvents. This fact is supported by Wang et al. [25]
who reported a low yield of fatty acids with nonpolar solvents

(n-hexane) because most of the fat was still in lipoproteins.
Apart from that, the use of a mixture of ethanol with n-hexane
is also not recommended by Saini et al. [26] because it affects
carbon chain interactions and interferes with the yield of the
ethanol solvent. However, to obtain a significant comparison,
further characterization was carried out on the three types of
solvents with the highest volume. Samples that meet these
criteria are E36, H36, and EH36.

Characterization of Purslane leaves extract

Characterization was performed to determine the
optimal condition of -3 fatty acids in samples based on AOAC
standards. Several characterizations involved are shown in
Table 2. MC has an important role in determining the shelf life of
extracts. High MC triggers fungus growth and conglomeration,
thereby impacting physical and chemical stability. In general,
5%—15% of MC represents the requirement for most fatty acids
used in various industries [27]. Purslane leaves extract showed
an MC 0f 5.52%—6.36%. Low MC will minimize lipid oxidation,
suppress free radicals, and slow hydroperoxide decomposition.
Ethanol has a higher MC percentage because it interacts with
water in the sample but is still within the appropriate range
[28]. This was explained by Bai ef al. [29] that ethanol provides
a higher MC due to the presence of hydrogen bonds between
ethanol and water compared to the n-hexane solvent (Figure 3).
N-Hexane has the lowest MC due to the weak bonds between
water molecules and n-hexane and the large polarity difference.
Consistently, EH had an MC between the two solvents.

FFA are used to find out the levels of fatty acids that are
not esterified. FFA can be used to estimate the fatty acids amount
that will be lost during purification. When FFAs are volatile, the
quantity can be a measure of rancidity. In this study, the FFA
was 1.33 (E36); 1.52 (H36); 1.44mg (EH36) KOH/g. This value
indicates the low long-chain fatty acids amount in the sample [30].

The PV of purslane leaves extract is 0.35 (E36); 0.88
(H36); 0.73 (EH36) meq/kg. PV measures the degree of lipid
oxidation in fatty acids. The PV measures the transient oxidation
product [31]. The lower values represent early or late oxidation,
which may be distinguished by time. Based on the research of Desta
et al. [32], PV can be categorized as low when it is below 0.75 +
0.21 meg/kg. This is in accordance with research by Gharby et al.

() BWNOA

(W) SWNOA

Figure 2. Surface and contour plot of purslane leaves extract yield: a) ethanol; b) n-hexane; ¢) EH.
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[33], the PV increases when the extract is oxidized due to proper
purification and rancidity removal conditions. The rancidity occurs
because the higher the PV and FFA, the easier it is for oxidation to
occur [34]. In the pathway (Figure 4), the main focus is on lipids as
the fatty acid backbone. In the first step as shown in Figure 4, fatty
acids will be initiated to obtain lipid radicals due to OH radicals
produced from the decomposition of hydroperoxides (ROOH)
in the atmosphere, through the reaction of excited oxygen atoms
with water. Then it reacts with oxygen to form peroxyl radicals.
Continuously, lipids combine with peroxyl radicals and produce
lipid peroxide, then increasing rancidity [35,36].

The IV measures 114.22 (E36); 113.25 (H36); 110.12
(EH36) g 1/100 g. A higher IV indicates greater unsaturation
in fatty acids, leading to specific physical, chemical, and

Table 2. Characterization of purslane leaves extract.

Sample
Parameter
E36 H36 EH36
MC (%) 6.46 5.53 5.82
FFA (mg KOH/g) 1.33 1.52 1.44
PV (meq O,/kg) 0.35 0.88 0.73
IV (g 1/100 g) 114.22 113.25 110.12
SV (mg KOH/g) 188.96 191.94 197.61
Hydrogen Bonding
He o Ha ﬁ O—H
C
Hae” OH, ¢+ 1T NH — o™ \O————H/
Ethanol Water

Figure 3. Hydrogen bonding of ethanol and water molecule.

Lipid Radical
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Initiation

0,

Unsaturated Lipid
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Lapd Pecuzada Lipid Peroxyl Radical

nutritional properties [37]. Purslane leaves extract has a high IV
with a minimum standard of 100 g I/100g. High IV can have a
good impact on humans to reduce the risk of heart disease, high
cholesterol, and cancer [38,39].

The SV of purslane leaves extract is described in
Table 2. The reference value proposed by AOCS is a minimum
of 196 mg KOH/g for SV, a higher value than observed in this
study with successive values of 188.96 (E36); 191,94 (H36);
and 197.61 (EH36) mg KOH/g. SV relates to the length of the
fatty acid chain or double bond in triglycerides which lowers its
value. Then, a higher SV indicates the alkali amount required in
the saponification reaction as shown in Figure 5 [40]. According
to Folayan et al. [41], the proportionality of SV can be known
due to the higher amount of UFA (61%) than SFA.

Functional group identification

FTIR analysis of samples from solvents shows the
spectrum profile (Figure 6). EH36 and E36 have hydroxyl
group peaks (-OH: strain Ar-OH) at 3,350.67 and 3,338.85 cm™!
which generally represent carboxylic acids [42,43]. Hydroxyl

R
(] :/\
0] O
OH
R
0
0 3 KOH
— OH, + 3 R
o0
o K®
OH
O
R
Triglycenide Glycerol Salt of Fatty Acid

Figure 5. Saponification reactions in general.

xr H36 e

|

EH36

w .

T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Transmittance (%)

Wavenumber (cm')

Figure 4. Free radical pathway of the oxidative rancidification of lipid.

Figure 6. Infrared spectrum of purslane leaves extract.
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groups (-OH) were identified in both solvents at peaks 1,015.12
and 1,017.10 cm™' with vibrating O-H bonds [44]. The methyl
group was identified in E36 with peaks of 2,947.53 cm™ and
2,835.94 cm ™! and in EH36 with peaks 0f2,952.50 and 2,843.04
cm™' which are sp* hybridization (-CH,) with symmetric and
asymmetric vibrations [45]. Apart from that, E36 has a peak
of 1,449.69 cm™ which is the scissor vibration of the methyl
group (-CH,) and also 1,405-1,409 cm™ area with a weak
intensity which is the bending vibration of the methyl group
(-CH,) in aliphatic compounds [46,47]. This compound is a
group of ®-3 fatty acids which are easily soluble in fat [48].
According to Tilinti et al. [49], aliphatic compounds emerge
due to the nonpolar of carbon chain. Meanwhile, the hydroxyl
group (-OH) that appears in ethanol occurs due to its high level
of polarity rather than n-hexane.

Furthermore, the spectrum of E36 and EH36 shows a
peak of 1,601.20-1,639.30 cm™! which indicates the presence of
an alkane group (-C=C-) [50]. The samples gave rise to a peak
in the range 1,701.56-1,748.12 cm™' indicating the carbonyl
group (C=0) of carboxylic acid followed by an O-H group at
1,002.33-1,015.12 cm™" [51]. According to Nimbalkar and Bhat
[52], The presence of a carboxyl group (-COOH) is important
for binding other molecules.

The H36 spectrum shows peaks at 2,956.49 and
2,924.54 cm™ as a methyl group (-CH,) with a C-H sp® bond that
vibrates symmetrically and asymmetrically [53]. Furthermore,
the peaks 2,873.07 and 2,857.19 cm™ are the methylene group
(-CH,) from the C-H sp* bond which vibrates symmetrically
[54]. The methyl group (-CH,) was also identified from the peak
at 1,460.07 cm™! which indicated the vibrations of stretching and
the peak at 1,378.29 cm™ which indicated rocking vibrations
[55,56]. These results show that the n-hexane solvent can
identify various variations of methyl groups (-CH,). However,
this solvent cannot reveal other functional groups of ®-3 fatty
acids. This fact strengthens the statement by Su ez al. [57] that
the nonpolar of n-hexane is unable to bind ©-3 fatty acids,
resulting in low yields. Regarding the spectrum comparison,
the E36 sample has the potential for further analysis because it
retains many functional groups of ®-3 fatty acids in high yields.

Composition of fatty acids in Purslane leaves extract and
molecular docking analysis

GC-FID chromatogram analysis shows the FAC
in sample E36 which is presented in Table 3 and in Figure 7.

One of the ®-3 fatty acid compounds in sample E36 was
successfully identified as ALA with a concentration of 58.54
g/100 g. However, EPA and DHA were not identified in purslane
leaves extract. The presence of this compound is useful as an
antidiabetic by preventing insulin resistance [58]. These results
strengthen the overall research that ALA is the most abundant
component in purslane leaves extract.

The composition of ®-3 fatty acids obtained based
on Table 3 was analyzed using molecular docking to obtain
accurate information regarding the antidiabetic properties
of these compounds so that purslane leaf extract has great
potential to be developed as an antidiabetic herbal medicine in
Indonesia in the future. The antidiabetic properties are based on
the binding affinity value of each compound obtained through a
molecular docking process using AutoDock Vina.

Molecular docking analysis was carried out to evaluate
the potential of the ®-3 fatty acid compound in purslane
leaves as an antidiabetic herbal medicine targeting the protein
tyrosine PTP1B. This protein is a cell growth enzyme involved
in differentiation, metabolism, and immune response [59].
However, the most important properties of this protein is that
it removes phosphate groups from important tyrosine residues
on the insulin receptor and causes decreased glucose uptake
in insulin-responsive cells [60]. The ligand compounds for
protein receptors are explained in Table 3 by showing that the
ALA compound has the lowest binding affinity —3.4 kcal/mol
compared to other compounds in the GC-FID chromatogram.
It has also the lowest binding affinity rather than common
drugs such as metformin, sulfonylurea, thiazolidinedione, and
miglitol (Table 4). According to Saffaryazdi ef al. [61], the
lower the binding affinity, the more stable the complex so that
its inhibitory activity is greater. This is supported by Dreny
[62] that it may decrease blood glucose levels, improve liver
and kidney function, and increase body weight when purslane
leaves are added to the diet of diabetes mice. In addition, Kumar
et al. [63] identified water-soluble polysaccharides in purslane
leaves significantly improved glucose tolerance and lowered
blood glucose levels in diabetic rats, thus suggesting a potential
mechanism for its antidiabetic properties.

Figure 8a shows the position of the ALA compound
at the receptor potential with its active side. This figure
explains that a complex contains various interactions, including
hydrophobic, electrostatic, and hydrogen bonds. The interaction
affects the affinity value of complex binding. According to

Table 3. The composition of ®-3 fatty acids in purslane leaves extract.

Fatty acids Structure Relative(zz)rcentage Cor(n;;:lnot;&gx;ion Aft;lll(li?l/ll);:;;i)ing
Butanoic acid C4:0 0.92 1.03 8.7
Tetradecanoic acid C 14:0 0.85 0.96 325
Hexadecanoic acid C 16:0 17.87 20.01 26.8
Cis-9-Hexadecenoic acid C16:1 2.03 2.27 26.8
Octadecanoic acid C 18:0 2.82 3.16 31.3
Cis-9-Octadecenoic acid C18:1 9.13 10.23 37.7
9-Cis,12-Cis-Linoleic acid C18:2 14.12 15.81 27.9
ALA C18:3 52.27 58.54 -34
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Figure 7. GC-FID chromatogram of purslane leaves extract.

Table 4. Binding affinity of common diabetes drugs.

Common drugs Aﬂ;llr:it:; /l:lgging
ALA (control/herbal medicine) -34
Metformin 18.3
Sulfonylurea 12.2
Thiazolidinedione 21.9
Miglitol 36.4

Verma and Subbaro [64], stable complexes will have a low-
affinity value because they have few unfavorable bonds.

Each compound on the receptor has an amino
acid residue position that can bind and interact with ligand
ALA compounds. These explain the ligand’s performance
mechanism against its antidiabetic properties. ALA binds to
the catalytic site of the receptor with two H-bonds. Argl05 by
H-bonding to the hydroxyl group of ligand at a bond length
of 2.98 A. Another H-bond is observed between Lys103 and
the hydroxyl group of the ligand which has a bond length of
2.91 A. According to Ali et al. [65], the shorter hydrogen bond
length gives an increase in bond strength. Brinck and Borrfors
[66] added that the strength of hydrogen bonds has a significant
influence on binding affinity. The shorter hydrogen bonds result
in low-affinity value due to the correlation between the redshift
strain mode of the H-bond group and the hydrogen bond length.

Furthermore, Argl05 and Lysl03 run into
hydrophobic interactions with several other residues as seen in
Glu70, Glu207, Gly202, His208, Ser201, Ser203. By previous
research [67,68], molecular docking results show that ALA
carries out catalytic inhibition that forms hydrogen bonds and
hydrophobic interactions at PTP1B residues. These in silico
follow the results of in vitro kinetic analysis carried out by
Bhowmick et al. [69], showing that UFA, such as ALA, bind
to each of the catalytic and allosteric sites of PTP1B. This is
under the properties of ALA which can regulate growth factor
signaling and cell proliferation through dephosphorylation of
major receptor tyrosine kinases, such as the insulin receptor. It
directly interacts with activated insulin receptors, exhibits a role
in insulin receptor signal transduction, and exerts therapeutic
effects on diabetics.

GIu207(A)

N

Argl05(A)
00

Ser203(A)

Gly202(A)

(b)

Figure 8. Molecular docking analysis: a) 3D complex compound; b) 2D interaction of receptor and ligand.
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CONCLUSION

In conclusion, the highest volume was achieved with a
time of 120 minutes, a speed of 1,000 rpm, and a solvent volume
of 200 ml. Extract MC plays an important role in determining
its shelf life. The PV and IV indicate the low amount of long
chain carboxylic acids in the sample. SV is influenced by the
levels of unsaturated and saturated fatty acids. From the initial
characterization, the E36 sample has the potential for further
analysis because it can retain many ®-3 fatty acid functional
groups in high yield. Then the samples were analyzed with
GC-FID. The results showed that ALA was the most abundant
composition. Molecular docking analysis evaluated the potential
of purslane leaf extract as an antidiabetic herbal medicine
targeting protein tyrosine PTP1B. By the binding affinity of
—3.4 kcal/mol, the ALA ligand shows strong inhibitory activity
against the PTP1B receptor. Molecular docking simulations
between PTP1B and the ALA ligand support the bond affinity
results with hydrogen bonds occurring at residues Argl05 and
Lys103 and several hydrophobic interactions at other residues.
This compound in silico provides in-depth knowledge of how
the ALA compound in purslane leaf extract has great potential
to be developed as an anti-diabetic herbal medicine. This
compound can be further explored to determine its efficacy
in vivo and in vitro in diabetes models with the molecular
mechanisms involved.
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