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ABSTRACT

Natural bioactive compounds derived
from medicinal plants have been
extensively studied for their anti-diabetic
properties. Papaver somniferum and
Boswellia serrata are one of important
medicinal plants that have bioactive
compounds which could be utilized
against diabetes. Therefore, an in-silico
investigation of their function as anti-
diabetic agents was conducted in this
study, against two receptors i.e. alpha-amylase and glutamine-fructose-6-phosphate transaminase 1 (GFAT-1). The phytocompound-receptor
docked complex was evaluated with known inhibitors of both important proteins responsible for diabetes. The molecular binding energy and
inhibition constant were calculated, as well as the pharmacodynamics and pharmacokinetics characteristics were evaluated. Selected forty
compounds were studied via Lipinski’s rule. Out of 40 compounds one compound i.e. 3-O-Acetyl-11-Keto-Boswellic Acid, was eliminated since it
violated two of the parameters of Lipinski’s rule. Molecular docking (MD) analysis were performed on 39 identified components where (+-)-
Teframedine and Morphine were found to be the potential inhibitors of alpha-amylase and GFAT-1, respectively. Morphine and (+-)-teframedine
also demonstrated a good potential in bioavailability analysis and they can be taken orally. However, the solubility and lipophilicity parameters
were not followed by 11-keto-boswellic acid, ursane, 3-acetyl-boswellic acid, and -amyrin, suggesting that these 4 substances are less bioavailable
when taken orally. Further, these compounds should undergo in-vitro studies to support these results.
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INTRODUCTION year, as per the World Health Organisation (WHO) data (who. int).

One of the most common metabolic diseases, DM is  According to the statistical data of 2020, 463 million people were
characterized by abnormally elevated blood glucose levels,  diagnosed with diabetes worldwide, with around 77 million from
accounting for about 80% of the total fatalities occurring every ~ India and the International Diabetes Federation (IDF) has
anticipated that these figures would climb up to 642 million over
the next two decades. Currently, the most common medications
used to treat diabetes include insulin and oral hypoglycemic agents
like biguanides, a-amylase inhibitors meglitinides,
thiazolidinediones, sulfonylureas, and gliptins.: However, owing to
the numerous undesirable side effects like hepatocellular damage,
hypoglycemia, dizziness, neurological disorders, etc caused by
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these drugs, novel entities with fewer or no adverse effects must be
evaluated.?

Inhibiting carbohydrate-hydrolyzing enzymes such as amylases,
lipases, and maltases in the gut reduces glucose and fat absorption,
which is one of the most therapeutically important strategies for
managing diabetes.® A vital enzyme for digestion in the human
body is pancreatic alpha-amylase (EC 3.2.1.1). The hydrolysis
reaction of alpha-1,4 glycosidic bonds found in glycogen,
maltodextrins, amylose, starch, and amylopectin is catalyzed by EC
3.2.1.1 and results in the formation of oligosaccharides, which are
then split into monosaccharides by -glucosidase.* Hence, inhibiting
alpha-amylase may help individuals to manage their diabetes, by
retarding the elevation of blood glucose levels after consuming a
carbohydrate-rich diet.® In addition to the glycolysis pathway, the
hexosamine biosynthetic pathway—uwhich utilizes glutamine as an
amino source is also very important. It converts fructose-6-
phosphate into glucosamine-6-phosphate. Glutamine-fructose-6-
phosphate amidotransferase (GFAT-1) catalyzes this reaction by
regulating the glucose entering the hexosamine pathway and acts as
the rate-limiting enzyme.® Exceptionally high levels of sugar in the
blood lead to a higher concentration of fructose-6-phosphate
flowing into the hexosamine pathway and may result in the
development of diabetic complications.”® In addition, elevated
human GFAT1 activity has been associated with insulin resistance
in both animal and cellular models, which is a feature of Type 2
DM.® Thus, alpha-amylase and GFAT1 can strongly be
considered significant targets for the treatment of Type 2 DM.

Natural compounds have the potential to act as drug candidate
and they can be used for generation of novel therapeutic agents.*?
Utilizing herbal remedies is a cost-effective therapeutic option,
with fewer side effects, for several ailments.*>!* Plant-based drugs
possess many advantages concerning selectivity, efficacy, and
reduced off-target toxicities.*> In the last few years, the utilization
of phytocompounds has drastically enhanced due to the various
adverse effects exhibited by chemically synthesized drugs.
Moreover, the drugs that are currently available in the market
exhibit high levels of toxicity and thus, there is a need to replace
chemically synthesized drugs with herbal compounds that have
lower toxicity.!” Previously, some studies have been published, that
assess these two proteins as an important target for the management
of this disorder. A study reported potential inhibitors of a-amylase
extracted from the Leucas ciliata Benth (Lamiaceae) and
Streptomyces longisporoflavus and L. ciliata,*® followed by MD
studies. The results identified flavonoid and alkaloid compounds as
the potential inhibitors of a-amylase which could help in
development of potential a-amylase inhibitors against diabetes.
Okechukwu et al., 2020, showed MD on palmatine with a-amylase,
alpha-glucosidase, and gliptins.® Furthermore, the binding
energies were evaluated with those of widely used medications
such as sitagliptin and acarbose, and it was established that
palmatine has antidiabetic properties.

Ukwenya et al., 2021, carried out an in silico analysis where
compounds derived from Anacardium occidentale were used
against GFAT1.2° The findings revealed that 8 compounds that met
the RO5 and were within the acceptable range for Absorption,
Distribution, Metabolism, and Excretion (ADME) criteria,
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demonstrating their suitability for application in the production of
anti-diabetic medications. Davella et al., 2019, conducted a study
for the evaluation of compounds extracted from Rumex vesicarius
for anti-Type 2 Diabetes Mellitus activity.?! The results showed that
Physcion out of all the compounds had a better docking score (-7.66
kcal/mol). These investigations suggest that there is a scope for
improvement in finding better inhibitors for activity against
diabetes.?

Apart from this, it has been shown that phytochemicals extracted
from Boswellia serrata gum resin possess anti-inflammatory
properties and these have been used to treat several chronic
inflammatory conditions.?® It has previously been demonstrated
that administering Boswellia serrata gum resin to LADA (Latent
Autoimmune Diabetes in Adults) patients decreased blood levels of
IA2 antibodies, one of the markers associated with LADA
autoimmune diabetes. According to experimental research, it has
also been demonstrated that Papaver somniferum comprises critical
characteristics of therapeutic significance. It has been used as a
sedative, analgesic, narcotic stimulant, nutrition, and more. It is
even useful for headaches, cardiac asthma, cough, biliary colic, and
insomnia.?*

Thus, in this study, the aim was to find potential natural
inhibitors against the two major protein targets, alpha-amylase, and
GFAT-1, using computational techniques for the potentail
treatment of diabetes using the two selected medicinal plant
compounds.

RESULTS AND DISCUSSION

ADME Analysis

The 40 shortlisted phytocompounds were initially subjected to
preliminary assessment using molecular characteristics of the
ligand (Table 1). This was done to exclude some of the compounds
that did meet the criteria for selection. When the drug likeliness was
calculated using Lipinski's Rule of 5, one compound, 3-O-Acetyl-
11-Keto-Boswellic Acid, was eliminated since it violated two of the
characteristics taken into account. The remaining 39 compounds
were considered as potential candidates and were further
investigated using molecular docking to anticipate the interactions
of the protein-ligand complex.

Molecular Docking

The goal of MD studies is to identify conformations of the
docked complex that have the lowest binding affinities and to
anticipate the optimal configuration of the identified ligand with the
target protein. All 39 of the ligands that complied with Lipinski's
five conditions were subjected to MD to the active sites of the
enzyme alpha-amylase and the protein GFAT-1.

Alpha-amylase protein

In case of alpha-amylase, the binding energy of standard drug
i.e. acarbose showed a minimum binding energy of -4.05kcal/mol.
GLN63, TRP59, GLU240, GLY306 and ASP300 formed
conventional H-bonds. ALA198 and LEU162 demonstrated alky!l
interactions. There were 14 van der waal attractive interactions and
carbon-hydrogen bonds (Figure 1). The complexes with lowest
binding energy of Papaver somniferum and Boswellia serrata were
-8.31kcal/mol and -10.15 kcal/mol, respectively (Table 2).
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Table 1: ADME Analysis of selected ligands
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Plant Phytocompounds PubChe Mol wt H-bond | H-bond LogP Molar Lipinski
Name m 1D acceptors | donors | (XLOGP3)<5| Refractivity Violation
Papaver Sanguinarine 5154 332.33 g/mol 4 0 4.45 94.68 0
somniferu (+-)-Carnegine 442186 | 221.30 g/mol 3 0 2.14 68.48 0
m (+-)-Teframidine 436140 323.34 g/mol 5 0 2.94 90.15 0
Berberine 2353 336.36 g/mol 4 0 3.62 94.87 0
Kaempferol 5280863 | 286.24 g/mol 6 4 1.9 76.01 0
Linolenic acid 5280934 | 278.43 g/mol 2 1 6.46 88.99 1
Morphine 5288826 | 285.34 g/mol 4 2 0.76 82.27 0
Papaverine 4680 339.39 g/mol 5 0 2.95 97.16 0
Reticuline 439653 329.39 g/mol 5 2 3.01 97.01 0
1-Benzylisoquinoline 23345 219.28 g/mol 1 0 4.06 71.2 0
Xanthaline 96932 353.37 g/mol 6 0 3.66 97.59 0
Oripavine 5462306 | 297.35 g/mol 4 1 1.87 86.53 0
1,2-Dehydroreticuline 440930 328.38 g/mol 4 2 2.38 98.27 0
14-Hydroxycodeinone 9926820 | 313.35 g/mol 5 1 1.12 86.98 0
2-(2-Furanyl)-3-methyl-2- | 555644 150.17 g/mol 2 0 191 43.42 0
butenal
2-(4-Hydroxyphenyl) 440113 136.15 g/mol 2 1 0.53 38.44 0
acetaldehyde
3,4-Dimethoxyphthalic acid | 68209 226.18 g/mol 6 2 0.92 53.34 0
4-hydroxybenzaldehyde 126 122.12 g/mol 2 1 1.35 33.85 0
4-Hydroxybenzoic acid 135 138.12 g/mol 3 2 1.58 35.42 0
4,5-Dimethoxyphthalic 290988 226.18 g/mol 6 2 0.92 53.34 0
acid
Boswellia Alpha boswellic acid 637234 456.70 g/mol 3 2 8.41 136.65 1
Serrata a-Campholenic-Acid 117235 | 168.23 g/mol 2 1 1.92 49.11 0
Euphane 12312921 | 414.75 g/mol 0 0 12.12 136.83 1
(—)-Camphene 440966 136.23 g/mol 0 0 4.22 45.22 1
(+)-a-Phellandrene 443160 136.23 g/mol 0 0 3.21 47.12 0
(1S,2R,4S)-(—)-Bornyl 442460 196.29 g/mol 2 0 43 56.33 0
acetate
11-Keto-B-boswellic acid | 9847548 | 470.68 g/mol 4 2 7.2 137.11 1
3-Acetyl-p-boswellic acid | 11386458 | 498.74 g/mol 4 1 8.29 146.65 1
3-O-Acetyl-11-Keto-f- 11168203 | 512.72 g/mol 5 1 146.85 2
Boswellic-Acid
a-Terpinene 7462 136.23 g/mol 0 0 4.25 47.12 0
B-Pinene 14896 136.23 g/mol 0 0 4.16 45.22 1
I-1dose 11030410 | 180.16 g/mol 6 5 -3.24 35.74 0
Myrcene 31253 136.23 g/mol 0 0 4.17 48.76 0
P-Cymene 7463 134.22 g/mol 0 0 41 45.99 1
Serratol 101618281| 290.48 g/mol 1 1 5.85 95.92 1
Ursane 9548870 | 412.73 g/mol 0 0 11.47 134.45 1
a-Amyrin 73170 426.72 g/mol 1 1 9.01 135.14 1
2,3-Dihydroxyurs-12-en- 155934 472.70 g/mol 4 3 6.37 138.08 1
28-oic acid
Beta boswellic acid 168928 456.70 g/mol 3 2 8.26 136.91 1
11-Keto-B-boswellic acid | 10169578 | 468.71 g/mol 3 0 8.32 140.27 1
methyl ester 8
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Table 2: Molecular docking studies of selected ligands against alpha-amylase
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Plant Name Phytocompound PubChem Binding Ligand Inhibition Intermolecular Vdw H bond
ID Energy (AG) | Efficiency | constant (uM) energy desolvation energy
(Kcal/mol)
Papaver (+-)-Teframidine 436140 -8.31 -0.35 0.8168 -8.31 -6.57
somniferum Sanguinarine 5154 -7.65 031 247 -7.65 7.83
Oripavine 5462306 -6.93 -0.32 8.29 -7.53 -6.96
Berberine 2353 -6.91 -0.28 8.67 -7.5 -7.41
Kaempferol 5280863 -6.81 -0.32 10.28 -8.3 -7.75
(+-)-Carnegine 442186 -6.8 -0.43 10.35 -7.4 -5.48
Morphine 5288826 -6.72 -0.32 11.96 -7.31 -6.73
14-Hydroxycodeinone | 9926820 -6.17 -0.27 30.13 -6.76 -6.33
Reticuline 439653 -5.81 -0.24 55.02 -7.6 -6.9
Xanthaline 96932 -5.75 -0.22 60.63 -7.54 -7.38
1,2-Dehydroreticuline 440930 -5.57 -0.23 83.17 -7.36 -7.25
Linolenic acid 5280934 -5.31 -0.27 128.49 -9.48 -8.76
1-Benzylisoquinoline 23345 -5.07 -0.3 192.38 -5.67 -5.62
2-(2-Furanyl)-3-methyl-| 555644 -4.94 -0.45 241.11 -5.53 -5.51
2-butenal
Papaverine 4680 -4.92 -0.2 247.06 -6.71 -6.68
4-Hydroxybenzoic acid 135 -4.5 -0.45 503.8 -5.39 -4.64
4-hydroxybenzaldehyde 126 -4.39 -0.49 609.36 -4.98 -4.78
2-(4-Hydroxyphenyl) 440113 -3.99 -0.4 1200 -4.88 -4.81
acetaldehyde
3,4-Dimethoxyphthalic | 68209 -3.7 -0.23 1930 -5.49 -5.21
acid
4,5-Dimethoxyphthalic | 290988 -3.69 -0.23 1960 -5.48 -5.18
acid
Boswellia Serrata Ursane 9548870 -10.15 -0.34 0.03607 -10.15 -10.15
a-Amyrin 73170 -9.89 -0.32 0.05675 -10.18 -10.16
Euphane 12312921 -9.68 -0.32 0.08031 -11.17 -11.17
11-Keto-B-boswellic |101695788 -9.53 -0.28 0.104 -10.12 -10.06
acid methyl ester
11-Keto-B-boswellic | 9847548 -9.09 -0.27 0.21846 -9.98 -10.24
acid
Beta boswellic acid 168928 -8.69 -0.26 0.42423 -9.59 -9.91
3-Acetyl-p-boswellic | 11386458 -8.55 -0.24 0.54242 -9.74 -10.11
acid
Alpha boswellic acid 637234 -8.43 -0.26 0.65758 -9.33 -9.68
2,3-Dihydroxyurs-12- | 155934 -7.99 -0.24 1.39 -9.18 -9.32
en-28-oic acid
Serratol 101618281 -7.05 -0.34 6.83 -7.64 -7.47
(1S,2R,4S)-(—)-Bornyl | 442460 -5.64 -0.4 73.97 -6.23 -6.12
acetate
I-Idose 11030410 -5.17 -0.43 163.43 -6.96 -5.87
(+)-a-Phellandrene 443160 -4.86 -0.49 274.07 -5.16 -5.15
B-Pinene 14896 -4.86 -0.49 274.82 -4.86 -4.86
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a-Campholenic-Acid 117235 -4.85 -0.4 278.54 -5.74 -4.94
a-Terpinene 7462 -4.72 -0.47 347.76 -5.02 -5
(—)-Camphene 440966 -4.7 -0.47 360.85 -4.7 -4.7
P-Cymene 7463 -4.4 -0.44 594.08 -4.7 -4.68
Myrcene 31253 -3.9 -0.39 1380 -5.1 -5.08
Standard Acarbose 444254 -4.05 -0.09 1070 -10.61 -8.65
inhibitor

(+-)-Teframedine-alpha amylase complex demonstrated a
minimum inhibition binding energy of -8.31 kcal/mol amongst all
phytocompounds selected from Papaver somniferum. LEU673 and
VALG677 exhibited alkyl interactions. There were 13 van der Waal
attractive interactions present in the complex. ALA674 and
SER422 formed conventional H-bonds (Figure 1(A)).

Figure 1. a) Interaction between (+-)-Teframedine & Alpha-amylase
b) Interaction between Ursane & Alpha-amylase

In the case of Boswellia serrata, the Ursane-alpha amylase
complex exhibited a minimum binding energy of -10.15 kcal/mol.
HIS305, ASP300, ARG195, GLU233, ASP197, and GLN63 were
shown to have van der Waal attractive interactions. There were 9
alkyl and pi-alkyl interactions present in the complex. TRP59
demonstrated a pi-sigma interaction (Figure 1(B)).

The second top-docked phytocompound of this plant was the a-
Amyrin-alpha amylase complex, which demonstrated a minimum
binding energy of -9.89 kcal/mol. As it can be seen in Figure 2(A),

Table 3: Molecular docking studies of selected ligands against GFAT-1

TYR62 and TRP59 exhibited pi-sigma bonds. TRP58, ALA198,
HIS101, LEU162, VAL163, and LEU165 were shown to have alkyl
and pi-alkyl interactions. There was a presence of 7 van der Waal
attractive interactions in the complex.

s P

.....

Figure 2. a) Interaction between a-Amyrin and Alpha-amylase
b) Interaction between Morphine and GFAT1

GFAT1 protein

Metformin, a commonly used drug for GFAT-1, was taken as a
standard inhibitor in this study. Metformin-GFAT1 complex was
shown to have a most negative binding energy of -4.5 kcal/mol.
VAL471 and ALA674 formed conventional H-bonds.LEU673,
ALA472, SER473, LYS675, GLY374, and VALG77 were shown
to have van der Waal attractive interactions. A salt bridge was
observed between GLU560 and hydrogen.

The docking analysis exhibited the minimum binding energies of
-8.01 kcal/mol and -9.97 kcal/mol among all the docked complexes
of the two herbs, Papaver somniferum and Boswellia serrata,
respectively (Table 3).

Plant Name Phytocompound PubChem | Binding Energy Ligand Inhibition Intermolecular| Vdw H bond
ID (AG) (Kcal/mol) | Efficiency | constant (uM) energy desolvation
energy
Papaver Morphine 5288826 -8.01 -0.38 1.34 -8.61 -8.22
somniferum Oripavine 5462306 7.8 -0.35 1.92 8.4 774
14-Hydroxycodeinone 9926820 -7.62 -0.33 2.58 -8.22 -7.95
Xanthaline 96932 -7.43 -0.29 3.55 -9.22 -8.89
(+-)-Teframidine 436140 -7.11 -0.3 6.17 -7.11 -6.66
Sanguinarine 5154 -6.94 -0.28 8.22 -6.94 -6.75
1,2-Dehydroreticuline 440930 -6.85 -0.29 9.55 -8.64 -8.48
Reticuline 439653 -6.83 -0.28 9.85 -8.62 -1.7
Kaempferol 5280863 -6.55 -0.31 15.78 -8.04 -7.76
Journal of Integrated Science and Technology J. Integr. Sci. Technol., 2025, 13(2), 1040 Pg 5
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Berberine 2353 -6.45 -0.26 18.55 -7.05 -6.88
Papaverine 4680 -6.21 -0.25 27.95 -8 -7.81
1-Benzylisoquinoline 23345 -5.85 -0.34 51.76 -6.44 -6.38
(+-)-Carnegine 442186 -5.47 -0.34 97.13 -6.07 -5.39
4,5-Dimethoxyphthalic 290988 -5.18 -0.32 159.03 -6.97 -5.71
acid
3,4-Dimethoxyphthalic 68209 -5.1 0.32 182.42 -6.89 -5.74
acid
2-(2-Furanyl)-3-methyl-2- 555644 -5.05 -0.46 199.4 -5.64 -5.5
butenal
2-(4-Hydroxyphenyl) 440113 -4.88 -0.49 266.24 -5.77 -5.66
acetaldehyde
Linolenic acid 5280934 -4.87 -0.24 269.56 -9.05 -8.19
4-Hydroxybenzoic acid 135 -4.81 -0.48 299.99 -5.7 -5.15
4-hydroxybenzaldehyde 126 -4.73 -0.53 340.18 -5.33 -5.15
Boswellia 11-Keto-B-boswellic acid 9847548 -9.97 -0.29 0.04921 -10.86 -10.4
Serrata "3 acetyl-B-boswellic acid | 11386458 -9.79 -0.27 0.06629 -10.99 -10.56
Beta boswellic acid 168928 -9.74 -0.3 0.07291 -10.63 -10.18
Alpha boswellic acid 637234 -9.66 -0.29 0.08325 -10.55 -10.12
Ursane 9548870 -9.11 -0.3 0.20913 -9.11 -9.11
Euphane 12312921 -9.07 -0.3 0.22417 -10.56 -10.56
11-Keto-B-boswellic acid | 101695788 -9.03 -0.27 0.24161 -9.62 -9.69
methy| ester
a-Amyrin 73170 -8.9 -0.29 0.30115 -9.19 -9.05
Serratol 101618281 -7.93 -0.38 1.55 -8.52 -8.52
2,3-Dihydroxyurs-12-en- 155934 -7.65 -0.23 2.48 -8.84 -8.76
28-oic acid
(1S,2R,4S)-(—)-Bornyl 442460 -6.53 -0.47 16.36 -7.13 -7.05
acetate
a-Campholenic-Acid 117235 -5.4 -0.45 109.71 -6.3 -6
I-1dose 11030410 -4.99 -0.42 220.59 -6.78 -6.54
(+)-a-Phellandrene 443160 -4.9 -0.49 257.09 -5.2 -5.21
B-Pinene 14896 -4.86 -0.49 276.08 -4.86 -4.85
a-Terpinene 7462 -4.77 -0.48 320.18 -5.07 -5.07
(-)-Camphene 440966 -4.73 -0.47 343.78 -4.73 -4.72
P-Cymene 7463 -4.38 -0.44 615.47 -4.68 -4.68
Myrcene 31253 -4.2 -0.42 828.66 -5.4 -5.39
Standard Metformin 4091 -4.5 -0.5 501.31 -4.5 -3.39
inhibitor

Amongst all the ten energy conformations obtained for the
Morphine-GFAT1 complex from Papaver somniferum, -8.01
kcal/mol was the binding energy confirmation. GLU149, TYR151,
LEU162, GLY147, and GLY164 demonstrated van der Waal
interactions. ILE148 and GLN161 formed conventional H-bonds.
Pi-alkyl and alkyl interactions were present (VAL163).
Unfavorable donor-donor interactions were also observed (Figure

2(B)).
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Figure 3(A) shows the best-docked complex from Boswellia
serrata, i.e 11-Keto-B-boswellic acid, having a minimum binding
energy of -9.97 kcal/mol. Three types of interaction can be seen i.e.
conventional H-bond, van der Waal, and alkyl bonds. LYS675,
GLN421, SER376, and SER422 were forming conventional H
bonds. Alkyl interactions were observed with LEU673 and
LEU556. Thirteen other van der Waal attractive interactions were
found in the complex in addition to these interactions.
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The second top-docked compound, 3-Acetyl-B-boswellic acid,
which also belongs to Boswellia serrata, demonstrated the least
binding energy of -9.79kcal/mol. LEU673 AND LEU556 were
shown to have alkyl interactions. LYS675, GLN421, SER422, and
GLN480 formed conventional H-bonds. Moreover, there were 15
van der Waal attractive interactions that were present in the
complex (Figure 3(B)).

Antrractmm Intrractioe
B o b b [ s T re—

Figure 3. A) Interaction between 11-Keto-p-boswellic acid and
GFAT1 B) Interaction between 3-Acetyl-B-boswellic acid and GFAT1

Bioavailability Radar

From Boswellia serrata, 11-keto-B-boswellic acid and 3-acetyl-
B-boswellic acid were amongst the top two docked ligands against
GFAT-1 protein that were studied. However, Morphine-GFAT-1
complex showed the minimum binding energy from a pool of
phytocompounds obtained from Papaver somniferum. In case of
alpha-amylase, ursane and a-amyrin of Boswellia serrata were
amongst the top two obtained docked confirmations. (+-)-
teframedine, On the other hand, exhibited the best results compared
to all the phytocompounds chosen from Papaver somniferum. In
order to conduct a thorough examination, bioavailability radar is a
descriptive approach that takes 6 physical and chemical aspects into
account when evaluating the drug-likeness of particular substances.
It was noted that the ligand spectrum perfectly fit in the pink-
colored areas in the cases of morphine and (+-)-teframedine,
demonstrating that it is orally bioavailable. However, the solubility
and lipophilicity parameters were not followed by 11-keto-
boswellic acid, ursane, 3-acetyl-boswellic acid, and -amyrin,
suggesting that these 4 substances are less bioavailable when taken
orally. (Figure 4).

MATERIALS AND METHODS

Requirements for in silico investigations

IMPPAT database, PubChem, Protein Data Bank, Discovery
studio visualizer Biovia, Alpha fold protein structure database,
PyMOL, PyRx, SwissADME, and AutoDock v4.2.6 are the
programs and datasets used in this investigation.?

Macromolecule

The 3D structures of alpha-amylase (PDB ID: 10SE)?* and
GFAT-1 (PDB ID: 2ZJ3)?, both being two major receptors
involved in the progression of diabetes, were used for the
investigation. Their structures were extracted from ‘Protein Data
Bank’ in .pdb format.

Journal of Integrated Science and Technology

M. Roy et. al.

A B
C D
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Figure 4. Bioavailability radars of (A) Morphine (B) 11-Keto-f-
boswellic acid (C) 3-Acetyl-p-boswellic acid (D) (+-)-Teframedine

(E) Ursane (F) a-Amyrin.

Ligands

Two medicinal plants, Papaver somniferum (commonly known
as opium poppy) and Boswellia serrata, owing to their therapeutic
properties, were chosen for this study.?® Fourty different
phytocompounds present in the plants were selected using the
IMPPAT (https://ch.imsc.res.in/fimppat) database (Refer Table 1).
To continue with docking studies, their 3-dimensional structures
were downloaded from PubChem in the ".sdf" format and
transformed into ".pdb" format using Biovia Discovery Studio's
visualizer.?

ADME Analysis

The primary screening of the selected phytocompounds was
done using the SwissADME (http://www.swissadme.ch/index.php)
and their pharmacokinetic characteristics like ADME and toxicity
were estimated using Lipinski’s Rule of 5.3° According to it, the
molecular weight of the ligand should be <500 Dalton, H-bond
donors should be <5, H-bond acceptors should be <10 in number,
ligand should be highly lipophilic (LogP<5), and molar refractivity
should be between 40-130.3* Any ligand that exhibited more than
1 violation of Lipinski’s rule was directly eliminated from further
studies. Out of the forty phytocompounds, only 3-O-Acetyl-11-
Keto-B-Boswellic-Acid was eliminated and remaining thirty-nine
compounds were subject to MD.%

Molecular Docking

The MD of each selected ligand was carried out against alpha-
amylase and glutamine-fructose-6-phosphate transaminase 1
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(GFAT-1) proteins using Autodock v4.2.6. Water molecules were
eliminated, and polar hydrogens and Kollmann charges were
added.® Further, gasteiger charges were computed, followed by the
removal of hetatoms from the macromolecules to complete the
preparation of both proteins. For alpha-amylase, the active site
residues were arranged in a grid box with dimensions 48x60x44
and with a spacing of 0.375, and for GFAT-1, 60x60x64 and 0.375.
The docking studies resulted in Lamarckian GA output. For each
ligand, the process was performed three times, and among the 10
possible conformations, the ideal conformation with the lowest
binding energy was selected. Using Biovia Discovery Studio
Visualizer v19.1.0.18287, it was then converted into a 2-D graphic
showing the interaction between the ligand and the active site
residue.®

Bioavailability Radar

The filtration of a potent ligand molecule was continued using a
more reasonable evaluation of physicochemical characteristics. The
SwissADME  (http://www.swissadme.ch/index.php) web-based
tool was used to create bioavailability radars of ligands that
performed more effectively than the standard molecule. The
compounds were evaluated using six parameters: size, lipophilicity,
saturation, polarity, and flexibility. Non-oral bioavailability was
suspected in ligands that deviated from the established values, thus
they were excluded from further testing.3>%

CONCLUSION

In the present study, forty phytocompounds from two different
medicinal plants, Papaver somniferum and Boswellia serrata, were
chosen against two receptor, i.e. alpha-amylase and glutamine-
fructose-6-phosphate  transaminase 1 which are involved
pathogenesis of diabetes. These were screened for their drug
likeliness, out of which thirty-nine were further evaluated using
molecular docking studies. The docked complexes underwent
comparison with the standard inhibitors of both proteins. In the case
of alpha-amylase, thirty-five phytocompounds possessed higher
binding energies than the standard inhibitor acarbose. Similarly,
thirty-seven phytocompounds exhibited higher binding energies
against GFAT-1 compared to its standard drug metformin. For
bioavailability radar testing, the top compounds from each of the
two plants docked against each protein were selected. Morphine
and (+-)-Teframedine of Papaver somniferum was found to be
orally bioavailable. In conclusion this study suggests that Papaver
somniferum and Boswellia serrata, are probably better anti diabetic
agents than metformin and phythochemicals analysed are probably
better drug candidiates than metformin. Further in-vitro research
should be done to find an effective and reliable treatment for
diabetes. These phytochemicals can be employed as possible plant-
based inhibitors against the targeted proteins.
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