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Abstract | Medicinal plants have played a vital role in drug production. Herbal medicines have proved to
be safe to use. Crude extract of Caralluma tuberculata stem was used to examine its antibacterial activity and
phytochemical screening. Antibacterial assay was carried out by well diffusion method. A maximum number
of compounds were eluted by methanolic extract by thin-layer chromatography and a total of 70 compounds
were identified by GC-MS analysis. The phytochemical screening showed that the methanolic extract of
the whole plant was rich in alkaloids and tannins. Zones of inhibition around the bacterial colonies show
the antibacterial activity of the plant. Extract of the targeted plant was effective against all test organisms
Escherichia coli, Bacillus, Staphylococcus, and Pseudomonas that revealed methanolic extract of medicinal plant
Caralluma possesses high antimicrobial activity against E. co/i. and Bacillus causing 16mm=0.53 and 12.6+0.43
while ethyl acetate solvent of plant extract against E. co/i. and Bacillus inhibited 08+0.0.03 and 9.6+0.32mm
respectively. Ethyl acetate extract showed the best inhibition against Pseudomonas and Staphylococcus 15.6+0.54
and 9.8+0.41mm respectively and the same extract exhibited the zone inhibition 0.68+0.14 and 0.53+0.51mm
against B. subtilis and P, aeruginous. The inhibitory effect was compared to standard gentamycin. Four bioactive
compounds were subjected to molecular docking from which all targeted compounds received scores ranging
from (-3.5 to -5.9) kcal/mol with targeted protein. Hence the study revealed that bioactive compounds
derived from the Caralluma tuberculata plant pose highly antibacterial activity and might be used to synthesize
the antibacterial drug.
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Introduction the United Arab Emirates, Saudia Arabia, Iran, and
Nigeria (Zarei ez al., 2020; Bodoprost and Rosemeyer,

Cam/[uma tuberculata is a perennial succulent herb, 2007). The plant is widely distributed in Waziristan,
wild-growing in Pakistan, India (Andra Pradesh), Punjab, K.P,, Dir, and Baluchistan (Fernie et al,
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2004). Caralluma tuberculate locally known as Chung,
marmot, pamanghi, aputag, and pamanky in Pashto
(Khan ez al., 2019; Zarei et al., 2020; Hamburger
and Hostettmann, 1991). The genus Caralluma
has a hundred species that are found in dry regions
of the world. The genus belongs to the subfamily
Asclepiadoideae and the family Apocynaceae
(Harborne, 1986).

C. tuberculata is an upright, succulent herb without
leaves. Fresh juice of C. tuberculata is used for
the treatment of diabetes due to having some
hypoglycemic activities.

Caralluma species have been used in folk medicine
for hundreds of years in the treatment of various
ailments. Its traditional application is reported in
curing of simple disorders such as cuts, colds, coughs,
and some complicated diseases including malaria,
diabetes, kidney stones blood disorders, leprosy,
diabetes, and rheumatism. It is also used for blood
disorders, rheumatism, and leprosy (Baig er al.,
2021; Khan ez al., 2019). Both the urban and rural
populations of Pakistan have employed the plant as a
traditional anti-bacterial, antifungal, and anti-diabetic
therapeutic agent (Khan ez a/.,2019; Rauf ez al.,2013).
Microorganisms have developed resistance to many
antibiotics. Resistant bacteria are responsible for
infections that are more difficult to treat, requiring the
use of drugs that are more toxic and more expensive.
In some cases, bacteria have become resistant to
all known antibiotics, so there is a need to develop
alternative antibiotic drugs from plants (Serwecinsk,
2020). One method is to identify plants that possess
high antimicrobial activity. Current studies are based
on the identification of antimicrobial activity and
screening of medicinal bio-active compounds by
using qualitative techniques and drug designing.

Materials and Methods

Collection of samples
The plants were collected from a glass house at
the National Institute for Genomics and Advance
Biotechnology, National Agriculture Research
Center, Islamabad.

Sample preparation

To get rid of undesired foreign objects like soil and
dust, fresh Caralluma tuberculata stems were washed
with distilled water and then bleached with Clorox.

Following washing, the plant material was air dried
at room temperature in the shade, and shielded from
the sun. It was then, finely pulverized into powder
by using liquid nitrogen in piston and mortar. For
extraction in a sonicator, set the frequency to 35 kHz,
4 ¢ of dried stem powder was combined with 40 mL
of methanol in a solvent to sample ratio of 1: 10 at
45°C and for 60 minutes, respectively. Extracts were
micro-filtered through 0.45 m cellulose membrane
filters, centrifuged, and solvent evaporated by vacuum

evaporator (Roberts and Xia, 1995).

Chromatographic instrument and conditions
The screening of phytochemical compounds of

Caralluma tuberculata was done by using TLC and
GC-MS.

Thin layer chromatography (TLC)

Based on molecular weight and mobility, bioactive
substances can be identified using a technique called
TLC. Different solvents, methanol, ethanol, ethyl
acetate, and chloroform were used to elute a maximum
number of active compounds from the crude extract
of the plant. The targeted sample was loaded on a silica
plate. After loading the sample, the plate was dried
and put into the TLC tanks having different solvents
(methanol, ethanol, ethyl acetate, and chloroform) in
each tank and the baseline sample did not directly
touch the tank surface. The spots and colored bands
were visualized under the short and long UV (254
and 365 nm respectively). Sprayed the dragendorffs
and sulphuric acid reagent to evaluate the alkaloids
and terpenoids compounds (Javed ez al., 2018).

Gas chromatography and mass spectrum analysis

The column used for the GC program was DB-5
(0.32mm x 30m x 0.25um) length of 30m. The
equipment was Agilent 6890 6°C, version N. 04.12,
MS-5973. 'The carrier gas used in the GC-MS
program was helium ml/min, and the software was
chemstation. The oven’s temperature was increased
trom 200 °C to 700 °C at a pace of 6 °C per minute
without holding. The temperature of the injector
was 250 °C.The GC ran for 37 minutes in total. The
MS’s library was NIST version-year 2011. The MS
program’s source temperature was 280°C, and the
inletline temperature was 230°C. The MS ran for 37
minutes in total (Aunsha and Sathish, 2021). The
components of the test materials’ names, molecular
weights, and structures were determined (Adnan ez

al.,2014).
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Antibacterial screensing

Different microbial strains E. coli, Bacillus,
Pseudomonas, and Staphylococcus were used to evaluate
the antimicrobial effect of plant extract. The strains
were ATTC strains obtained from the Food Sciences
Research Institute (FSRI) NARC, Pakistan (Noreen,
2017; Baig et al., 2021). The disc diffusion method
was carried out for antibacterial susceptibility testing
according to the standard method (Paskialakshmi
and Naziya, 2014).

Molecular docking

The Auto Dock Vina software has been used in the
molecular docking study (De-Fatima ez4/.,2006). Four
bioactive compounds 3,4-di-fluroanisole, d-fructose,
acetyldimethy 1, and 2-propionic acid of Caralluma
plant were used as ligands to increase the expression
of calprotectin anti-microbial protein in plants that
inhibit the growth of pathogens by tightly binding
transition metals e.g., Mg, Zn thereby preventing
their uptake and utilization by invading microbes.
The targeted ligands were docked against the active
site of the calprotectin protein in plants (Falodu ez a/.,
2009). The co-crystallized ligand (Parathion) of the
enzyme was used to identify the binding location. The
grid boxes had the following coordinates (x = -9.682;
y=4.274;2=-23.145 and x = 45.424;y = 92.375; z =
34.811). The grid’s box dimensions were set to 20 A.
Each docking experiment generated ten poses. Pymol
software was used to analyze and display docking
poses (Bourhia ez al., 2020).

Results and Discussion

Thin layer chromatography

Bioactive compounds present in plants were detected
by thin-layer chromatography scanning procedure.
Elution and separation of bioactive compounds
from crude extract vary with different solvents based
on the nature of the solvent. Precise separation of
compounds was done in a methanolic solvent. The
spots and bands were visualized under short and long
UV (254 and 365) respectively shown in Figure 1.
Dragendorff reagent was used to detect alkaloids and
15% sulphuric acid was used to detect terpenoids. A
red color band was shown on the top far away from
the baseline that indicated the highest retention
factor as compared to the terpenoid compound.

According to recent results, the Caralluma plant
possesses many phytochemical compounds with

highly medicinal properties. TLC results depicted
that tannins and alkaloids bioactive compounds have
highly anti-parasitic, anti-inflammatory, antifungal,
antidiabetic, anticancer, and antibacterial activity
(Albalawi ez al.,2015). TLC showed that as compared
to the other solvents, methanol eluted many spots that
were determined after spraying of Dragendorft and
15% sulphuric acid under the wavelength of (254 and
365 nm) the little bit results were similar to a previous
study (Ahmad ez a/., 2014). Plant extract contains
many phytochemical compounds that possess highly
medicinal properties.

Figure 1: TLC of Caralluma plant (A) short wavelength (254 nm),
(B) long wavelength (365 nm,).
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Figure 2: GC-MS Chromatogram of Caralluma tuberculata.
aerugonosa) (Al-Snafi, 2017; Bibi et al., 2015).
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Phyto-components by GC-MS report

Phytochemicals present in methanolic extracts of
Caralluma tuberculata are tabulated and represented
by a graphical method. 70 compounds were identified
in the targeted plant by GC-MS analysis which are
shown in Figure 2. The Prevailing compound was, 3,
4-di-fluroanisole, D-fructose, Acetyldimethyl, and
2-propionic acid identified by the GC-MS analysis.

'The compounds identified in methanolic solvents by
GC-MS analysis are medicinally valuable (Hussain
et al., 2018; Khan ez al., 2008) because Methanol was
the best solvent for the extraction among the tested

solvents (Salih ez al., 2021).

Antibacterial analysis

In the current study, the antibacterial results revealed
that the methanolic extract of the medicinal plant
Caralluma possesses high antimicrobial activity
against E. co/i. and Bacillus causing 16mm=0.53 and
12.6+0.43 while ethyl acetate solvent of plant extract
against E. coli. and Bacillus inhibited 08+0.0.03
and 9.6+0.32, respectively. Ethyl acetate extract
showed the best inhibition against Pseudomonas and
Staphylococcus at 15.620.54 and 9.8+0.41 respectively
and the same extract exhibited the zone inhibition
0.68+0.14 and 0.53+0.51 against B. subtilis and P
aerugonosa represented in Table 1. In the current
study, the antibacterial activity was indicated due
to the presence of secondary metabolites phenolic,
saponins, alkaloids, and tannins (Vanitha ez a/., 2019).
These compounds have the potential to restrain the
growth of many pathogenic bacteria. Our results
are also to those of (Makeen ez a/., 2020). The high
antibacterial activity of the Caralluma plant depicts
that some natural compounds present in plants may
lead to isolating the antibiotics.

Table 1: Antibacterial activity of methanolic and
ethylacetate crude extract of Caralluma tuberculata.

Bacterial strain ~ Methanolic extract  Ethanolic extract
E. coli 16mm=+0.53 08+0.0.03

B. subtilis 12.6+0.43 9.6:0.32

P, aerugonosa 0.68+0.14 15.6+0.54

S. aureus 0.53+0.51 9.8+0.41

In the present study, the methanolic extract obtained
trom Caralluma tuberculate extract exhibited strong
antimicrobial activities against (E. co/i and Bacillus)
while ethyl acetate extract showed strong antimicrobial
activity against (Pseudomonas, Staphylococcus, B. subtilis,

and P, aeruginous) (Al-Snafi, 2017; Bibi ez al., 2015).

Molecular docking

The four bioactive compounds were subjected to
molecular docking to enhance the expression of the
antimicrobial protein calprotectin as shown in (Table 2
and Figure 3). All targeted compounds received scores
ranging from (3.5 to -5.9) kcal/mol with targeted
protein. The ligand 1% received scores -5.9 kcal/mol,
the ligand 2™ received -5.9 kcal/mol, the 3 ligand
secured -3.8 kcal/mol, and the 4% received -3.5 kcal/
mol respectively. The compounds that achieved the
best score (=5.9 kcal/mol) with calprotectin protein
while the standard compound Parathion received a
score of -5.6 which is slightly lower than the targeted
ligand and hence -5.9 kcal/mol was selected as the
best compound to enhance the expression of protectin
antimicrobial protein in Caralluma plant.

D
E

Figure 3: Docking confirmation for selected ligand compound and
targeted proteins (3D and 2D) structures, respectively.

Table 2: Docking sores and estimated absolute binding
free energies (in kcal/mol) of the targeted ligands and
protein, along with standard Parathion.
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Ligand name Protein name Docking scores
3,4-Di-fluroanisole Calprotectin -5.9
D-fructose Calprotectin -5.9
Acetyldimethyl Calprotectin -3.5
2-propeonoic acid Calprotectin -3.8
Parathion Calprotectin -5.6
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Image of docking analysis

The present study was conducted to isolate and
design the antimicrobial drug by In-silico study. The
identified phyto-components need further research
on toxicological parameters to develop safe drugs.

Conclusions and Recommendations

The present study highlights the screening of
bioactive compounds by chromatographic techniques
and detects the antimicrobial activities of targeted
phytochemicals by In-silico study. However, the
identified phyto-components studies need further
research on toxicological parameters to synthesize

safe drugs.
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