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ABSTRACT

Objective: The purpose of this study was to investigate the diabetic effect of phytocompounds isolated from Cressa cretica Linn. using spectroscopic 
analysis and molecular docking studies.

Methods: Coarse powder of the whole plant of C. cretica was extracted with methanol, extracted part was subjected to silica column isolation, and two 
compounds: 2-Isopropyl-4-(1-methyl-dodeca-2,4-dienyloxy)-benzene-1,3,5-triol (Compound CN-01) and 11-Methyl-dodeca-2,4,6,8,10-pentenoic 
acid 2,3-dihydroxy-5-methyl-phenyl ester (Compound CN-02) were isolated in pure form. The three-dimensional structure of target protein was 
downloaded from PDB (www.rcsb.org) Protein Data Bank, Ligand file CN – 01 and CN – 02 were converted to MDL Molfile (V2000) format using 
ChemSketch 2017.2.1. These files could not be used directly in AutoDock 4.0 tools; thus, they were first converted to PDB files using an open babel tool.

Results: Compounds were revealed through spectroscopic analysis and screened using AutoDock 4.0 tools. Docking study recommended that CN – 01 
and CN – 02 an existing phytochemical from the plant of C. cretica had the highest fitness docking score and hence could be a potent antidiabetic drug.

Conclusion: In this investigation, we docked the receptor (glycogen phosphorylase protein) holds a promising lead target formation against diabetes 
based on molecular docking analysis (minimum hydrogen bond length and maximum docked score). Thus, these compounds can be effectively used 
as drugs for treating diabetes which is predicted on the basis of docking scores.
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INTRODUCTION

Diabetes mellitus is a heterogeneous metabolic disorder characterized 
by the common feature of chronic hyperglycemia with disturbance of 
carbohydrate, fat, and protein metabolism [1-4] and by complications 
such as microvascular and macrovascular complications [5]. A world-
wide survey has reported that diabetes mellitus affects nearly 10% of 
the population [6]. It has been predicted that the prevalence of diabetes 
in adults will increase from 135 million in 1995–350 million in 2030, 
as given by the International Diabetes Federation [7,8]. At present, 
available synthetic antidiabetic agents produce serious side effects 
such as hypoglycemic coma and hepatorenal disturbances. Patients are, 
therefore, using herbal medicines which have fewer side effects and 
have the potential to impart therapeutic effect in complicated disorders 
such as diabetes and its complication [9-12].

Plants are well known in traditional herbal medicine for their 
hypoglycemic activities and available literature indicates that there 
are more than 800 plant species showing hypoglycemic activity. 
There has been increasing demand for the use of plant products with 
antidiabetic activity due to low cost, easy availability, and lesser side 
effects. One such plant is Cressa cretica Linn. which has been used 
in Traditional System of Indian Medicine for treating diabetes. The 
plant commonly known as Rudravanti is an erect, small, and dwarf 
shrub [13], belonging to family Convolvulaceae [14,15], and used in 
diabetes and many other disease [16]. It is reported to be antibilious, 
antitubercular, and cough medicine. The plant is used for alternative 
anthelmintic, stomachic, tonic, and aphrodisiac purposes, enriches 
the blood, and is useful in constipation, leprosy, asthma, and urinary 
discharges. The plant is traditionally used in Bahrain as expectorant 
and antibilious agent [17].

The aim of this research is to investigate the antidiabetic constituents 
present in the entire plant of C. cretica using spectroscopic analysis and 
molecular docking prediction. In silico docking procedures have also 
been carried out to examine the interactions of the plant components 
with diabetic targets. The widespread uses of C. cretica in traditional 
medicine have resulted in significant qualitative analysis of the plant 
and its active principles.

METHODS

Plant material
The plant of C. cretica L. Convolvulaceae was collected for the research 
work from Andhra Pradesh. The plant was identified and authenticated 
by Dr.  K. Madhava Chetty, plant taxonomist (IAAT, 357), SVU, 
Andhra Pradesh, India.

Extraction and isolation
The collected plant material of C. cretica was washed thoroughly in tap 
water, dried under the shade, pulverized, and sieved. Coarsely powdered 
drug was subjected to successive extraction in a Soxhlet apparatus with 
solvents of increasing polarity, namely, petroleum ether, chloroform, 
ethyl acetate, methanol, and water. The individual extract was filtered, 
concentrated to a small volume in a rotary vacuum evaporator followed 
by drying in china dishes on a hot water bath.

Removal of the solvent in a vacuum gave the MeOH extract, which was 
partitioned in water and extracted with petroleum ether, chloroform, 
ethyl acetate, and n‐BuOH. The n‐BuOH layer was concentrated and 
the residue was chromatographed, eluted with water and MeOH. 
The MeOH residue was fractionated by column chromatography on 
normal‐phase silica gel, eluted with gradient PE/CHCl3 (6:4 and 1:1) 
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afforded two fractions (Fr.1 and Fr.2). These compounds were isolated 
using a chromatographic column on the normal‐phase silica gel 
column [18- 22].

In silico molecular docking studies
The molecular docking study provides a significant view of the bindings 
and conformations of ligand-enzymes [23]. To explore the activities of 
newly synthesized compounds and binding interactions of ligand and 
glucose phosphorylase B, ligands were docked into the site of glucose 
phosphorylase B (PDB code: 1H5U).

Preparation of ligand structures
Ligand file CN – 01 and CN – 02 were converted to MDL Molfile (V2000) 
format using ChemSketch 2017.2.1. These files could not be used 
directly in AutoDock 4.0; thus, they were first converted to PDB files 
using open babel tool [24].

Preparation of protein structure
The three-dimensional structure of the target protein was downloaded 
from PDB (www.rcsb.org) Protein Data Bank. Optimization of protein 
was done by removing HETATOM using SPDB-Swiss PDB viewer.

Grid formation
The grid was centered in the active site region, which involves all functional 
amino acid residues. A  grid box is set with a dimension of 60×60×60, 
with the default grid points spacing 0.37 Å. The dimension will change 
depending on the ligand size. Lamarckian genetic algorithm (LGA) [25] 
was used for the flexible docking calculations. The LGA parameters such 
as population size (ga_pop_size), energy evaluations (ga_num_generation), 
mutation rate, crossover rate, and step size were set to 150, 2,500,000, 
27,000, 0.02, 0.8, and 0.2 Å, respectively. The LGA runs were set at ten 
runs. All obtained conformations of enzymes and compound complexes 
analyzed the interactions and binding energy of the docked structure using 
USF Chimera, Molegro Molecular Viewer (MMV 2008.1.2.0), Ligplot+v.2.1.

Molecular docking
Docking study was performed on EXHZ version  1.4 and Auto Dock 
4.0 on Fedora Linux WS 3.0. To identify potential antidiabetic lead 
compounds among all synthesized compounds, the 2D structure 
construction, energy minimization, and geometry optimization of 
the penetration enhancer were carried out using ACD/ChemSketch 
2017.2.1 and Chem3D Pro 7.0 (Cambridge Soft Corporation, 100 
Cambridge Park Drive, Cambridge MA, 02 140 USA) on an Intel(R) Core 

Fig. 1: Infrared spectrum of CN-01

Fig. 2: Proton nuclear magnetic resonance spectrum of CN-01
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Fig. 3: Carbon-13 nuclear magnetic resonance spectrum of CN-01

Fig. 4: Mass spectrum of CN-01

(TM)2 Duo Central Processing Unit T 6670 @ 2.20 GHz and 4.00 GB of 
RAM, running the Windows 7 Home Basic, 64-bit compatible operating 
system. The energy minimization was carried out to a minimum RMS 
Gradient of 0.100, with a step interval of 2.0 Fs and frame interval of 10.

LGA is used to create a set of possible conformations. LGA is used as a 
global optimizer and energy minimization as a local search method. The 
minimum binding affinity was calculated for compounds (CN-01 and 
CN-02) with glycogen phosphorylase B using molecular docking tool 
AutoDock 4.0. The corresponding ligands are docked to the active site of 
each protein using AutoDock 4.0 to find best-docked conformation for 
the protein structures. The docking score, hydrogen-bonded residue, 
and hydrophobic interaction such as alkyl and pi alkyl, Van der Waals 
interaction were recorded.

RESULTS AND DISCUSSION

Compound CN–01(2-isopropyl-4-[1-methyl-dodeca-2,4-dienyloxy]-
benzene-1,3,5-triol)
Elution of the column with petroleum ether: chloroform (6:4) afforded 
white crystalline powder of CN-01, recrystallized from methanol, 
80 mg.

Melting point: 210–215°C. Infrared (IR) (KBr, ʋ max/cm‒1): 3458.88 
(Ar-OH), 2925.61 (R-CH2-CH3), 2853.82 (-CH2-), 1464.93 (C-C in ring), 
1376.57 (-CH3), 1245.31 (Ar-O-R). Proton nuclear magnetic resonance 
(1H NMR) (400 MHz, CDCl3, δ in ppm): 1.16 (s, 1H of OH at C9), 1.29 (m, 
3H of C21, C22 and C23), 1.33 (m, 1H of C20), 1.35 (m, 1H of C24), 1.36 
(m, 1H of C26), 1.94, 1.98 (d, 2H of C19), 2.91 (s, 1H of C6), 3.49 (m, 2H 
of OH at C2 and C7), 3.88 (s, 1 H of C6), 4.19 (s, 1H of C6), 4.48 (s, 1H of 
C14), 5.03, 5.07 (d, 2H of C5), 5.55 (s, 1H of C15), 5.66 (s, 1H of C18), 6.26 
(d, 1H of C17), 6.40 (d, 1H of C16), 6.55 (s, 1H of C8). Carbon-13 nuclear 
magnetic resonance (13C NMR) (CDCl3, 100 MHz, δ in ppm): 14.02 (s, 
C25), 19.38 (s, C26), 22.18 (s, C6), 22.94 (s, C24), 28.73 (s, C21), 29.6 (d, 
C22), 29.25 (d, C20), 31.29 (s, C19), 31.65 (s, C23), 76.00 (s, C14), 92.81 
(s, C8), 103.04 (s, C3), 122.69 (s, C5), 127.14 (s, C16), 129.98 (d, C17), 
130.08 (d, C1), 132.58 (s, C15), 135.84 (s, C18), 137.66 (s, C4), 150.81 
(s, C2), 152.24 (s, C9), 155.79, (s, C7). MS (m/z, %): (360.25, M, 7.7%).

IR spectrum (Fig.  1) of compound CN 01 showed characteristic 
absorption bands for Ar-OH at 3458.88 cm‒1, carbon chain R-CH2-CH3 
at 2925.61 cm‒1,  -CH2- at 2853.82, C-C in the ring at 1464.93, methyl 
group -CH3 at 13.76.57 and ester Ar-O-R at 1245.31 cm‒1. The 1H NMR 
spectrum (Fig.  2) of CN 01 showed a one-proton singlet at δ 1.16 
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Fig. 6: Proton nuclear magnetic resonance spectrum of CN-02

Fig. 7: Carbon-13 nuclear magnetic resonance spectrum of CN-02

Fig. 5: Infrared spectrum of CN-02



88

Asian J Pharm Clin Res, Vol 13, Issue 4, 2020, 84-91
 Rani et al.

Fig.8: Mass spectrum of CN-02

Fig. 9: Structure of CN-01

Fig.10: Structure of CN-02

Compound CN-02 (11-methyl-dodeca-2,4,6,8,10-pentenoic acid 
2,3-dihydroxy-5-methyl-phenyl ester)
Elution of the column with petroleum ether:chloroform (1:1) afforded 
white crystalline powder of CN-02, recrystallized from methanol, 86mg.

Melting point 180–184°C. IR (KBr, ʋ max/cm‒1): 3435.73 (Ar-OH), 
1467.15 (C-C in ring), 1380.07 (-CH3), 1260.50 (Ar-O-R), 1175.95 
(R-COO-R’), 719.97 (R-CH=CH-R). 1H NMR (400 MHz, CDCl3, δ in ppm): 
1.77 (m, 6H of C23 and C24), 2.30, 3.76, 3.87 (s, 3H of C20), 4.63 (s, 1H 
of OH at C15), 5.35 (s, 1H of C17), 5.42 (s, 1H of C19), 6.13 (s, 1H of C10), 
6.27 (d, 1H of OH at C16), 6.28 (d, 1H of C2), 6.55 (s, 1H of C9), 6.64 (m, 
1H of C4), 6.65 (m, 1H of C6), 6.66 (m, 1H of C9), 6.72 (m, 1H of C7), 6.75 
(s, 1H of C5), 7.47 (s, 1H of C3). 13C NMR (100 MHz, CDCl3, δ in ppm): 
19.30 (s, C23), 21.99 (s, C20), 25.58 (s, C24), 115.41 (s, C19), 117.01 
(s, C17), 128.00 (s, C10), 129.90 (s, C2), 130.61 (s, C8), 130.83 (s, C18), 
132.82 (s, C9), 134.40 (s, C4), 135.07 (m, C6), 135.23 (m, C15), 135.72 
(s, C11), 136.32 (s, C5), 139.00 (s, C14), 143.67 (s, C3), 145.60 (s, C16), 
167.92 (s, C1). MS (m/z, %): (326.96, M, 5.8%).

IR spectrum (Fig.5) showed compound CN 02 characteristic absorption 
bands for Ar-OH at 3435.73 cm‒1, C-C in ring at 1467.15 cm‒1, methyl 
group-CH3 at 1380.07 cm‒1, ether Ar-O-R at1260.50 cm‒1, aliphatic ester 
R-COO-R’ at 1175.95, and alkene chain R-CH=CH-R at 719.97 cm‒1. In 1H 
NMR (Fig. 6) spectrum of CN 02, a six-proton multiplet at δ 1.77 was 
ascribed to protons of C23, and 24. Three singlets at δ 2.30, 3.76, and 
3.87 were ascribed to three-protons of C20. One-proton singlet at δ 4.63 
was assigned to proton of –OH at C15. One singlet at δ 5.35 of C17, 5.42 

Fig.11: Hydrogen bonding interaction of compound CN–01 with 
1h5u

assigned  to  proton  of  –OH  at  C9.  A  three-proton  multiplet  at  1.29 
was ascribed to protons of C21, 22, and 23. One multiplet at δ 1.33 of
 C20,  1.35  at  C24,  1.36  at  C26,  doublet  at  1.94  and  1.98  for  C19  with  2 
protons. One singlet found at 2.91 of C6 for 1 proton. A multiplet for two 
protons  of  –OH  at  C2  and  C7  were  found  at  3.49.  Singlet  for  C6  was 
observed at 3.88. One proton was found that was at 4.19 as a singlet of 
C6. For C14, a singlet has been found at 4.48 for one proton. A doublet 
has  been  found  at  5.03  and  5.07  for  2  protons  at  C5.  AT  5.55  a 
single  has  been  found  for  1  proton  against  C15.  5.56  is 
correspondence to a singlet for one proton at C18, whereas 6.26 and
 6.40 corresponds to a doublet for C17 and C16, respectively. A singlet
 has been found at  6.55 for  one proton corresponds to C8.  The 13C 
NMR  spectrum  (Fig.  3)  of  compound  CN  01  showed  signals  for 
oxymethylene  at  δ  76.00  of  C14,  methine  carbons  in  the  range  of 
137.66–122.69  attributed  to  C4,  C5,  and  C15-18.  Signals  for  the 
methyl  group were observed in  the range of  22.18–14.02 for  C6,  C25, 
and  C26.  Its  mass  spectrum  (Fig.  4)  exhibited  a  molecular  ion  peak  at 
m/z 360.25, consistent with the molecular formula C22H32O4.
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Signals for the methyl group were observed in the range of 25.58–19.30 
for C20, C23, and C24. Its mass spectrum (Fig. 8) exhibited a molecular 
ion peak at m/z 326.96 consistent with the molecular formula C20H22O4.

Isolated compound obtained from fractions of PE/CHCl3  (6:4 and 1:1) 
solvent system in the column and the presence of bioactive compounds 
was confirmed by thin-layer chromatography and melting point. The 
structure of isolated compound confirmed with the help of spectral studies 

of C19, and 6.13 of C10 was assigned for 1 proton. A doublet has been 
found at δ 6.27 for one proton of –OH at C16 and at δ 6.28 for one proton 
at C2. One proton was found at 6.55 as a singlet of C9. One multiplet 
at δ 6.64 of C4, 6.65 of C6, 6.66 of C9, and 6.72 of C7 was assigned for 
1 proton. One singlet at δ 6.75 of C5 and 7.47 of C3 was assigned for 1 
proton. 13C NMR (Fig. 7) spectrum showed signals for ester carbon at δ 
167.92 (C1), aromatic carbons between δ 145.60 and 115.41 (C14-C19), 
methine carbons in the range of 143.67–128.0 attributed to C2-C11. 

Fig. 12: (a) Hydrogen bonding interaction of compound CN – 02 with 1h5u in PLIP tool (b) hydrogen bonding interaction of compound 
CN  – 02 with 1h5u

ba

Fig. 13: (a) Hydrophilic interaction of CN – 01 with 1h5u in ligplot+tool (b) hydrogen bonding interaction of CN – 01 with 1h5u in 
ligplot+tool

a b

Fig. 14: (a) Hydrogen bonding interaction CN – 02 with 1h5u in ligplot+tool (b) hydrophilic interaction of CN – 02 of with 1h5u in 
ligplot+tool

a b
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such as IR, 1H NMR, 13C NMR, and mass spectrometry. Interpretation data 
reveal that positive with CN-01 (Fig. 9) and CN-02 (Fig. 10).

Docking study
Glycogen phosphorylase is the main enzyme in muscle control and 
the metabolism of hepatic glycogen [26] and catalyzes the first step 
in intracellular degradation of glycogen to produce glucose-  1-phos-
phate  [27]. The minimum binding capacity of CN – 01 (Fig.  11) and 
CN – 02 (Fig.  12) compounds with glycogen phosphorylase protein 
(1h5u) was calculated. Docking analysis showed that the compound 
CN-01 had the binding affinity (ΔG, Binding energy=‒10.45 kcal/mol) 
(Fig. 13) and the compound CN-02 had the binding affinity (ΔG, Binding 
energy=‒10.50 kcal/mol).

This discussion showed that the compounds (CN-02) had a high binding 
affinity (ΔG, Binding energy=‒10.50 kcal/mol) showing three hydrogen 
bonding with protein VAL650, THR 676, LYS 680, three intense hydrophobic 
interactions were showed with protein TYR 90, TYR648, TYR648 (Fig. 14), 
salt bridge interaction was also there with protein LYS680 along with one 
pi-stacking interaction with protein TYR 90 (Fig. 15).

CONCLUSION

The receptor (protein) and ligand play an important role in structural 
based drug design. In the present work, phytochemicals were obtained 
from the whole plant of C. cretica by column chromatography. The 
presence of different bioactive compounds provides evidence for 
the efficacious use of plant parts for various ailments by traditional 
specialists. In this investigation, we docked the receptor (glycogen 
phosphorylase protein) holds a promising lead target formation against 
diabetes based on molecular docking analysis (minimum hydrogen 
bond length and maximum docked score). Thus, these compounds can 
be effectively used as drugs for treating diabetes which is predicted on 
the basis of docking scores.
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