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ABSTRACT
Background: The current study assesses the anthelmintic impact of root extracts of 
Pavetta tomentosa on Pheretima posthuma compiled by molecular docking analysis of 
phytocompounds steemed from the plant with the β-Tubulin (PDB ID: 1SA0). Methods: 
In this study, P. tomentosa root was subjected to extraction using methanol and water. 
In vitro, anthelmintic activity was assessed by utilizing the Pheretima posthuma and 
in silico molecular docking was executed making use of Autodock 4.0. Results: The 
outcomes revealed that the methanolic extract has the most significant dose-dependent 
anthelmintic activity at various doses, followed by aqueous extracts of root. Amongst 
all the substances, β-eudesmol revealed the most effective docking rating of -6.53, 
which is nearer to Albendazole, i.e., -6.79, ensuring that β-eudesmol has a strong  
binding fondness in between protein and ligand. Conclusion: From the examinations,  
a conclusion can be drawn that the anthelmintic activity of P. tomentosa root in both  
in vitro and insilico assays. The information sustains β-eudesmol to be a useful anthelmintic 
compound beneficial to future clinical examinations.
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INTRODUCTION

Considering that the beginning of  the 
human world, alternative medicine with 
healing has been made use of  in the therapy 
of  numerous disorders.1 According to the 
WHO, eighty percentile of  the populace of  
a few Asian countries rely on conventional 
medicine in their day-to-day elements of  
healthcare.2 About twenty-five percentile of  
the arbitrary drugs consist of  plant-derived  
components and also about 120 active  
constituents are presently made use of  in 
pharmaceutical products.3

The last fifty years of  research study has 
offered a couple of  medications made use 
of  to treat human helminthiases infection;  
nevertheless, in lasting usage, lots of  parasites  
are revealing resistance to these medications.  
The factor given for the reduced activity 
can be either due to the heritable changes 
(epigenetic or genetic) lack of  ability of  
anthelmintic versus a populace of  parasites  
or decrease in time to which medical therapy  
uses its impact. The usage of  the plant can 
play an essential function in antihelmintic 
drug-target recognition.4,5
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Pavetta tomentosa Roxb. ex Smith., a therapeutic and con-
sumable herb of  the family Rubiaceae, is a plant having 
an elevation of  3 m high,6 which extensively disburse in 
India and Indo-China in deciduous forests and scrub 
jungles long hill slopes.7,8 Pavetta tomentosa continues to 
be presented the usage of  the whole plant as Conven-
tional Medication intended for the several treating ill-
nesses. Cooked fruits are taken to eliminate intestinal 
worms, for a similar purpose recommended the flower 
extract. The stem bark extract of  the plant has orally 
intended for liver disorders, like the hepatic stimulant 
and hepatoprotective.9,10 Here, this study is performed 
to assess the possible anthelmintic activity of  various 
portions of  the P. tomentosa root and also its phyto
constituents. However, their anthelmintic activity is not 
well recorded, via researching their binding possibilities 
with β-Tubulin.
In the age of  modern innovations, the analog system 
based technique is made use of  in the evaluation of   
phytoconstituents of  therapeutic plant essences with the  
help of  molecular docking as well as likewise molecular  
attributes, which are essential devices in biology in 
addition to computer-assisted medication design.11 In  
docking, the goal is to anticipate the primary binding  
site in betwixt a ligand and a protein of  3D structure, as  
well as individual ligand confirmation in the dynamic  
scoring of  the protein, is placed using racking up  
feature.12 In the 1990s, inadequate pharmacokinetic, 
as well as toxicity properties, triggers pricey last phase 
failings in drug development. So, in silico, ADMET 
modeling obtained a substantial interest in reasonable 
drug-design layout. Promising substances are explored  
for their pharmacokinetic properties, metabolic process,  
possible toxicity and also unfavorable results.
The chemical constituents and efficiency of  extracts 
from genus Pavetta had been intensively explored in 
earlier research. The genus Pavetta has been reported 
to contain several phytoconstituents including linoleic  
acid, (9z,12z,15z)-octadecyl- 9,12,15-trienoic acid, pro-
anthocyanidin, epicatechin and ferulic acid,13 palmitic 
acid, stearic acid, myristic acid, capric acid, adipic acid,  
β-eudesmol, β-pinene, tetracontane, 3- methyl-4-heptanone,  
n-hexadecane, ethyl phthalate, tartronic acid,14  
epicatechin, (+)-catechin, ent-epicatechin, proantho-
cyanidin A2 and proanthocyanidin A4,

15 trans and cis 
octadecanoyl ferulate,16 Pavetannins B7 and B817 and  
possess antiprotozoal, antimicrobial, antitumor,18 anti-
convulsant,19 hepatoprotective,20 and against Schistosoma 
mansoni infection.21

Our research study intended to assess the anti-helminthic 
potency of  various portions of  P. tomentosa extract as 
well as identify the molecular interactions existing  

between various phytoconstituents with the beta-tubulin 
enzyme.

MATERIALS AND METHODS
Collection and identification of plant material

Fresh plants of  P. tomentosa, Rubiaceae, was gathered 
from Tirumala, Tirupati, Andhra Pradesh (13° 37’  
44.6340” N and also 79° 25’ 28.0056” E), acknowl-
edged and also confirmed by Prof. K. Madhava Chetty, 
Plant Taxonomist, Assistant Professor, Department of  
Botany, Sri Venkateswara University, Tirupati, Andhra 
Pradesh, India. 

Reagents and chemicals 

All chemicals were of  analytical grade (E. Merck,  
Darmstadt, Germany), except the methanol used for the 
preparation of  extracts, which was of  high-performance 
liquid chromatography grade (J.T. Baker, Center Valley, 
PA, USA). Albendazole (100% purity) was obtained 
from Sigma- Aldrich (#A0325100) bearing CAS number: 
54965-21-8.

Preparation of extracts

About 1000 g of  powdered drug of  the root of  P. tomentosa  
was extracted by Soxhelation with 5000 mL of  petroleum  
ether, ethyl acetate, chloroform and methanol, for 18 hr.  
The aqueous extract was prepared by cold maceration 
method. The extracts were concentrated by distilling  
off  the solvent and then evaporating to dryness on the  
water bath and stored in the refrigerator for future use.22

Preliminary phytochemical Screening

The root extract of  P. tomentosa underwent initial 
phytochemical testing for the recognition of  chemical  
components according to the standard operating  
procedures.23-26

Experimental Model

Adult Indian earthworms, Pheretima posthuma (P. posthuma) 
having anatomical as well as physiological resemblance 
with intestinal roundworm parasite of  the person was 
made use of  to assess anthelmintic activity. These were 
collected from moistened soil and washed with tap 
water to get rid of  all fecal matter.

Collection of worms

The Indian earthworms, Pheretima posthuma (Annelida) 
utilized in today’s research study, were gathered from 
damp soil of  Vaddeswaram Village, Guntur District 
Andhra Pradesh, India.

Anthelmintic activity
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A total of  72 earthworms were collected and divided 
into 12 groups, each of  6 worms. Various concentrations 
(25, 50, 75 and 100 mg/ml) of  the extracts (PTME and 
also PTAQ) and standard (Albendazole), were prepared 
in distilled water of  10 ml. The earthworms have been 
formerly washed in tapped water, were launched into 
10 ml of  the corresponding Petri dish. Promptly after  
releasing the earthworms in the concerned Petri dishes, 
the time of  launching was recorded and also conse-
quently, the motility of  the earthworms was observed. 
The time of  paralysis was seen when the worms showed  
no movement except when worms were shaken vigorously.  
Also, the time of  death was noted after determining 
that worms neither moved when shaken vigorously nor 
when dipped in warm water(40-50°C).27,28

Molecular Docking 

The docking studies of  compounds Albendazole, 
Adipic acid, β-eudesmol, β-pinene and tricyclene were  
carried out using Autodock 4.0 and Discovery studio  
Biovia 2017 software to find out the interaction  
between ligand and the target protein (Figure 1). The crystal  
structure of  β-tubulin (1SA0) (Figure 2), was derived 
from the protein data bank. Physicochemical abilities of  
the ligands satisfied the standards of  Lipinski’s guide-
line of  five or else understood as Lipinski’s guideline of  
drug-likeness (Table 1).29-32

ADMET Analysis

Table 1: Physico-chemical properties of current ligands.

Physicochemical 
properties

Ligands

Albendazole Adipic acid β-Eudesmol β-pinene Tricyclene

Pubchem ID 2082 196 91457 14896 79035

Smiles CCCSC1=CC2=C(C=C1)
N=C(N2)NC(=O)OC

C(CCC(=O)
O)CC(=O)O

CC12CCCC(=C)
C1CC(CC2)C(C)(C)O

CC1(C2CCC(=C)
C1C2)C CC1(C2CC3C1(C3C2)C)C

Molecular Formula C12H15N3O2 C6H10O4 C15H26O C10H16 C10H16

Molecular weight 
(g/mol) 265.33 146.14 222.37 136.23 136.23

Hydrogen-bond 
Donor Count 2 2 1 0 0

Hydrogen-bond 
Acceptor Count 4 4 1 0 0

Rotatable bond 
count 5 5 1 0 0

XLogP3 2.9 0.1 3.7 3.1 3.2

Molar Refractivity 73.22 34.5 70.46 45.22 43.32

NO. of Deviations 0 1 0 0 0

ADMET of  the ligands is their pharmacokinetic  
properties that are required to be examined to establish  
their function inside the body. The ADMET inheritance  
of  the ligands was studied, making use of  admetSAR.

Statistical Analysis

All information was revealed as the mean ± S.D;  
information went through one-way ANOVA adhered 
to by Tukey examination. The analytical evaluation  
executed with Graphpad Prism (Version 3, U.S.A.)  
software program. P < 0.05 was taken into consideration  
statistically considerable.

RESULTS
Phytochemical Screening of the extract

Initial phytochemical testing of  P. tomentosa root exposed 
different phytoconstituents detailed in Table 2.

Anthelmintic activity

The extract displayed substantial dose-dependent 
anthelmintic activity in concentration as contrasted to 
standard, Albendazole (Table 3). At higher concentration,  
loss of  mobility and also death was noticeable against P. 
posthuma. The time needed for triggering paralysis was 
(2.18±0.63) min and also fatality (4.55±0.09) min at 100 
mg/ml by the extract, which was practically equivalent 
to the outcomes acquired with Albendazole (Figure 7 
and 8).
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Table 2: Phytochemical analysis of various extracts of the root of P. tomentosa.

Phytoconstituents Method Aqueous 
Extract

Alcohol
Extract

Chloroform 
Extract

Ethyl acetate 
Extract

Pet. Ether 
Extract

Flavonoids Shinoda Test + + - + -

Zn. Hydrochloride  test + + - + -

Lead acetate Test + + - + -

Volatile oil Stain test + + - - -

Alkaloids Wagner Test + + + - -

Hager’s Test + + + - -

Tannins and Phenols FeCl3 Test + + - + -

Potassium dichromate test + + - + -

Saponins Foaming Test + + - - -

Steroids Salkowski test + + + - +

Carbohydrates Molish test + + - - -

Acid compounds Litmus test - - - - -

Glycoside Keller-Killani Test + + - - -

Amino acids Ninhydrin test + + - - -

Proteins Biuret test + + - - -

“+” – Present; “-“- Absent

Table 3: Anthelmintic activity of aqueous and methanolic root extract of Pavetta tomentosa against  
Pheretima posthuma.

Conc. (mg/ml) Paralysis Time (min) Death Time (min) Albendazole

PTME PTAE PTME PTAE Conc. 
(mg/ml)

Paralysis 
Time (min)

Death Time 
(min)

Control --- --- --- --- --- --- ---

25 15.45±2.52* 18.85±3.53* 22.86±1.85* 26.12±2.63* 25 10.86±1.25 16.52±0.86

50 9.75±1.15# 13.58±1.25# 18.52±2.02# 23.85±2.85# 50 6.8±0.75 11.86±0.36

75 6.58±1.87* 11.23±2.55* 10.56±2.18* 14.48±1.88* 75 3.6±0.51 7.22±0.65

100 2.18±0.63$ 8.32±1.33$ 4.55±0.09$ 12.22±2.13$ 100 2.2±0.06 4.15±0.21

Values are expressed as mean±S.D (n=6), *, p<0.05, #, p<0.01 and $, p<0.001 versus Standard.  PTME=Crude Methanolic extract of Pavetta tomentosa; PTAE= Crude 
Aqueous extract of Pavetta tomentosa.

Figure 1: The Three Dimensional structures of ligands. (a) 
Albendazole (b) Adipic acid (c) β-eudesmol (d) β-pinene (e) 

Tricyclene.

Figure 2: Three Dimensional Structure of the molecular target, 
Tubulin-Colchicine: Stathmin-Like Domain Complex (1SA0).
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Table 4: Binding affinites of isolated compounds at the active site of β-Tubulin.

Ligands
Highest to Lowest mode of conformation with corresponding RMS binding affinities in ΔG (Kcal/mol)

1 2 3 4 5 6 7 8 9

Albendazole -6.79 -6.27 -5.9 -5.89 -5.84 -5.74 -5.65 -5.54 -5.31

Adipic acid -1.56 -1.19 -1.03 -1.03 -1 -0.59 -0.55 -0.33 -0.33

β-Eudesmol -6.53 -6.51 -6.47 -6.3 -6.15 -5.94 -5.93 -5.77 5.75

β-pinene -5.24 -5.22 -5.21 -5.21 -5.2 -5.2 -5.19 -5.18 -5.11

Tricyclene -5.05 -5.05 -5.04 -5.04 5.02 -4.38 -4.23 -4.23 -4.23

Figure 3: In silico Docked complexes of Ligand (Ball and Stick 
representation) with Tubulin-Colchicine: Stathmin-Like  
Domain Complex (1SA0) (Molecular representation) by  

Autodock 4.0. (a) Albendazole (b) Adipic acid (c) β-eudesmol 
(d) β-pinene (e) Tricyclene.

Table 5: Interactions of β-Tubulin amino acid residues with ligands at receptor sites.

Ligands Binding Affinity, 
ΔG (Kcal/mol)

Amino acids involved and Distance (A°)

Hydrogen Binding 
Interactions

Hydrophobic 
Interactions Electrostatic Interactions

Albendazole -6.79 Gly142 (3.75), Glu183 (4.94), 
Ser178 (5.25), Ala174 ( 4.06) Pro173(4.48) Ala12 (4.69), Ser140(4.47)

Adipic acid -1.56 Lys254 (4.45), Asn249 (3.23) - -

β-Eudesmol -6.53 Ala174 (4.11), Val177 (4.42) Pro173 (4.39) Ala12 (5.05)

β-pinene -5.24 - - Ala12 (5.04), Ile171 (4.97),  Pro173 (4.35)

Tricyclene -5.05 -  - Ala12 (4.77), Ile171 (4.42),  Pro173 (4.18)

Computational Study

In today’s examination, to evaluate the possibility of  
substances accountable for anthelmintic activity, the 
docking score was made use of  to verify the prospective 
binding energy. The molecules were additionally based 
on iLOG predictors utilizing online tools to identify 
their ADME/T properties.

Docking researches revealed that out of  the five sub-
stances consisted of  in the study, β-eudesmol had the 
most excellent docking rating of  -6.53, which showed 
both hydrogen bond interactions (Ala174, Val177) 
and also hydrophobic interactions (Pro173) with the 
β-tubulin enzyme. β-pinene and also tricyclene revealed 
no hydrogen bonding and even hydrophobic interac-
tions with the amino acids of  the β-tubulin, however, 
had significant electrostatic communications. The 
standard Albendazole revealed the highest possible 
docking rating of  - 6.79. The outcomes gotten by the  
autodock 4.0 are shown in Table 3, as well as the  
protein-ligand interactions revealing hydrogen bonding  
and also binding settings are additionally published in 
Tables 4 and 5 (Figure 3-6). 

ADME/T evaluation by using admetSAR

The ADMET properties of  the ligands were assessed, 
making use of  admetSAR. ADMET properties for the  
substances in the research study were evaluated, making 
use of  admetSAR. All the substances revealed excellent  
human intestinal solubility (HIA), blood-brain barrier  
(B.B.B.) infiltration. No medication was cancer-causing.  
All the compounds were AMES negative. The results of  
HIA, B.B.B., LD50 values for the compounds are listed 
in Table 6.



Prasanth, et al.: In silico Anthelmintic Activity of Pavetta tomentosa against Pheretima posthuma

S256� Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 2 (Suppl) | Apr-Jun, 2020

Table 6: ADME/T Properties of different compounds 
from Pavetta tomentosa.

Compound HIA BBB AMES 
Toxicity

Carcino
genicity

LD50 
in rat 
(mol/
kg)

Albendazole 0.9944 0.9381
Non-
toxic

Non-
carcinogenic 2.0752

Adipic acid 0.5319 0.8236
Non-
toxic

Non-
carcinogenic 1.4221

β-Eudesmol 0.995 0.9596
Non-
toxic

Non-
carcinogenic 1.8911

β-pinene 0.9834 0.9229
Non-
toxic

Non-
carcinogenic 1.4934

Tricyclene 0.9956 0.9827
Non-
toxic

Non-
carcinogenic 2.0257

Figure 4: The ligands (Ball and Stick) are docked into the 
binding cavity of the receptor (Cartoon), and the putative  
conformations are explored by using Discovery Studio  

Visualizer 2017. (a) Albendazole (b) Adipic acid  
(c) β-eudesmol (d) β-pinene (e) Tricyclene.

Figure 5: Various Two dimensional Interactions of ligands 
with Tubulin-Colchicine: Stathmin-Like Domain Complex  

(1SA0). a) Albendazole (b) Adipic acid (c) β-eudesmol  
(d) β-pinene (e) Tricyclene.

Figure 6: Various three dimensional Interactions of ligands 
with Tubulin-Colchicine: Stathmin-Like Domain Complex  

(1SA0). a) Albendazole (b) Adipic acid (c) β-eudesmol  
(d) β-pinene (e) Tricyclene.

Figure 7: Paralysis Time for Aqueous and Methanolic Extracts 
of Pavettta tomentosa concerning Albendazole.

Figure 8: Death Time for Aqueous and Methanolic Extracts of 
Pavettta tomentosa concerning Albendazole.
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DISCUSSION
Phyto-compounds have gotten interested as a possi-
ble resource of  new healing representatives. Many of  
the scientifically active medications are from natural 
resources, which show the significance of  medicines 
having all-natural remedies in medicine exploration 
procedure. In this view, P. tomentosa has been checked  
out for the assessment of  anti-helminthic task utilizing  
earthworm complied with by molecular docking 
research study as well as ADMET evaluation.33 

Helminths infection is thought about to be an essential  
issue in humans and also pets that bring about a disas-
trous as well as a persistent illness, which inevitably  
results in a fatality as well as likewise triggers drug resis-
tance to various other conditions. To avoid an epidemic  
of  helminths, there is a requirement for researches  
concentrating on all-natural products such as medicinal  
plants which provide new bioactive substances having  
no or less unwanted effects, conveniently readily available  
to individuals of  establishing nations as well as even  
more significantly, they have the best compatibility with  
human physiology than traditional medications.34,35 Sev-
eral bioactive phytoconstituents such as alkaloids, fla-
vonoids, saponins, as well as tannins were discovered 
primarily throughout the phytochemical evaluation of  
the PTME and PTAE which have been related to anti-
helminthic activity.36

Our current research study wraps up that PTME and 
PTAE have been located to have a considerable anthel-
mintic capacity in a dose-dependent way. A few of  
these phytoconstituents such as alkaloids, tannins, phe-
nols and so on might be accountable for the substan-
tial anthelmintic task. Alkaloids can create paralysis by 
acting upon the C.N.S. In contrast, polyphenols and 
also tannins uniquely bind to complementary proteins  
existing in the G.I. system and, even at some point, create  
fatality. On the various other hands, the anthelmintic 
effectiveness of  saponins is because of  its membrane 
layer permeabilizing properties.
On the other hand, organic medications that have  
been utilized given that the old times keep reduced  
toxicity, have far better absorption, as well as abundant.  
Scientists around the world remain in search of   
plants that have such biological activities, which will 
undoubtedly aid in the improvement of  the existing 
clinical system, making less expensive as well as reliable 
therapy.
Online testing, utilizing molecular docking programs, 
has ended up being a significantly prominent method  
to the advancement of  new medicines, partly due to  
the desired time and also budgeting prices of  in silico  

medication testing compared to standard lab experiments. 
In this research, we used a docking method making 
use of  open software programs as well as virtualized.  
Interactions of  the ligands adipic acid. β-eudesmol, 
β-pinene, tricyclene and standard, Albendazole with the 
anti-helminthic protein β-Tubulin.
ΔG indicates informative of  ligand docking in the 
active site of  a protein, kind of  molecular communi-
cations, such as hydrogen bond, hydrophobic, as well 
as likewise electrostatic interactions, with necessary  
amino acid, which is a step of  ligand docking in  
favorable conformations. Hydrophobic synergy is the 
main aspect of  the firmness of  proteins. Hydrogen 
bonding furthermore maintains protein firmness, yet to 
a minimized degree than hydrophobic synergy.
Our results disclose that electrostatic, hydrophobic  
and hydrophilic communications are regulated by 
numerous amino acid deposits in each ligand-protein 
communication. Specifically, Ala12 was determined 
in all electrostatic interactions of  all ligands with  
β-tubulin other than for adipic acid. No hydrophobic  
interactions were existing in adipic acid, β-pinene and 
also tricyclene with β-tubulin. Even no hydrogen bonds 
were living in β-pinene and also tricyclene.

CONCLUSION
The outcomes confirm the ethnomedicinal use of   
P. tomentosa to anthelmintic activity, which recommends 
that this plant might be a possible resource for the 
growth of  a new anthelmintic representative. The here 
and now molecular docking experiments suggest that  
adipic acid. β-eudesmol, Tricyclene as well as β-pinene 
are prospect ligands for anthelmintic activity as well as 
act with interactions with β-Tubulin. High-throughput  
evaluating making use of  molecular docking evaluation  
brought about the final thought that eudesmol revealed 
ideal fitness score as well as appropriates for personal 
usage, specifically. Even more, intricate measurable  
S.A.R. is needed to guarantee its safety and also  
bioefficacy. Additionally, in vivo experiments are required 
to verify these in silico outcomes.
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•	 All the isolated compounds have no toxicity and 
are non-carcinogenic.
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