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ABSTRACT The genus Peperomia belongs to the family Piperaceae and has extraordinary ethnomedicinal significance.
Characterising Peperomia dindygulensis Miq’s bioactive ingredients was the objective of the current study. The gas
chromatography and mass spectroscopy analysis of the methanol extract from this plant led to the identification of 30
compounds that principally contain steroids, sesquiterpenes, alkaloids, fatty acids, and fatty acid esters. Of these some
important compounds such as trans-13-Octadecenoic acid, cis-Methyl 11-eicosenoate, methyl 13-phenyl-tridecanoate,
6-hydroxy-5,14,14-trimethyl-15,19-dioxapentacyclo [11.7.0.01,16.02,10.05,9]icos-12-en-18-one, obacunone and 7-
Deacetoxy-7-hydroxy gedunin with higher area percentages revealed a large number of biological activities against
pathogens. Also, these phytoconstituents have been linked to anti-cancer, anti-inflammatory, anti-microbial, anti-
angiogenic, and antioxidant properties. The preliminary anti-microbial assay was carried out with five different extracts
against four bacteria (Staphylococcus aureus, Streptococcus mutans, Pseudomonas and Salmonella enterica) and four
fungal (Candida albicans, Aspergillus flavus, Rhizopus oryzae and Aspergillus niger) strains. Methanol extract of the
whole plant showed the best activity against microbes while the remaining extracts showed moderate activity.

*Address for correspondence:
E-mail: sbpadal08@gmail.com

INTRODUCTION

The analysis and extraction of plant material
are critical to the development, modernisation,
and quality assurance of herbal medicines. Due
to the existence of phytochemicals, which have
specific physiological effects on humans, me-
dicinal plants have been utilised as treatments
for human diseases for ages (Narayanamoorthi
et al. 2015). Modernising herbal therapy involves
analysing and extracting plant materials in sig-
nificant ways. Sources of novel pharmaceuti-
cals can be found aplenty in natural crude drug
extracts obtained from plant species (Sunita and
Ganesh 2017). A significant fraction of medicines
used in modern medicine are either synthesised from
lead compounds with natural origins or directly
extracted from plants (Anirban et al. 2021).

The genus Peperomia Ruiz and Pavon is a
species-rich genus usually found in tropical ar-
eas, which also contain some significant medic-
inal plants. P. dindygulensis, an herb used in
conventional medicine for the treatment of ma-

lignancies and asthma has been shown to include
secolignans, tetrahydrofuran lignans, polyketides,
and other alkaloids (Govindachari et al. 1998; Wu
et al. 2006; Wang et al. 2012). Secolignans are
potent new chemotherapy agents with a wide
range of biological effects, comprising the ability
to reverse multidrug resistance and have anti-
cancer, anti-angiogenic, anti-inflammatory, anti-
HIV, antiparasitic, antiviral, and antibacterial prop-
erties (Wu et al. 2006). Pep E has anti-proliferative
activity against prostate cancer cell lines and
causes its apoptosis (Li et al. 2019), and Pep B
and E have toxicity to human umbilical vein en-
dothelial cancer cells stop the growth of lung can-
cer cells that are aggressive (Lin et al. 2011).

Objectives

The current study is primarily concerned with
two important objectives:

1. Identifying potentially bioactive com-
pounds in the methanolic extract of P.
dindygulensis using the GC-MS technique.

2. Evaluation of the antimicrobial potentialities
of P. dindygulensis solvent extracts against
various bacterial and fungal pathogens
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MATERIAL  AND  METHODS

Test Sample and Chemical Extraction

The whole plant P. dindygulensis was col-
lected from Paderu, Visakhapatnam, Andhra
Pradesh, India (18010’10.79" N 82046’58.32" E) in
January 2022 and the specimen is identified by
Professor S.B. Padal, Department of Botany,
Andhra University and herbarium specimen sub-
mitted in AUV herbarium with accession num-
ber 25504. The entire plant was collected, air dried
and then used an electric blender to grind it into
a fine powder. Powdered material underwent ex-
traction through a continuous hot Soxhlet ap-
paratus, employing five distinct solvents: meth-
anol, acetone, chloroform, water, and n-hexane,
as detailed in the work of Harborne (1984).

Preliminary Phytochemical Screening

The screening of phytochemicals including
alkaloids, saponins, tannins, steroids, flavonoids,
terpenoids, anthraquinones, glycosides, cardiac
glycosides, and phenols was done on a total of
five extracts from this plant using a standard pro-
cedure (Stein 1990; Balamurugan et al. 2019).

The extraction values were determined by
employing the formula as follows:

Yield (percentage) = W1/W2 x 100
Where:
W1 = The weight of the extract after solvent

evaporation.
W2 = The dry weight of the plant sample.

GC-MS Analysis

The analysis of extracts was conducted uti-
lizing the Agilent Technologies GC-MS instru-
ment (GC-8890, GC/MS 5977 MSD). The injec-
tion mode employed was split, with a split flow
rate of 18 mL/min and a purge flow rate of 3 mL/
minute. Oven temperature was carefully regulat-
ed within the range of 75°C to a maximum of
360°C. Two distinct columns, namely the Polar
Columns (DB-WAX) and HP-5 MS UI, were em-
ployed, with a helium gas (99.99%) serving as
the carrier gas at a flow rate of 1.21 mL/minute.
Column temperature settings were maintained
between 60°C and 325°C. The total duration of

the GC-MS runs encompassed 53.5 minutes.
Electron ionization (EI) mode was employed to
ionize the sample components, utilizing an energy
level of 70 eV.

Determination of the Antibacterial Activity of
Crude Bioactive Compounds

Using the agar well diffusion method, the
antibacterial activity was evaluated (Balouiri et
al. 2016). The test pathogens (Pseudomonas sp.
MTCC 129, Salmonella enterica MTCC 98,
Streptococcus mutans MTCC 497 T and Staphy-
lococcus aureus MTCC 96) were inoculated in
nutrient broth agar plates. The 5 mm diameter
drilled wells on agar plates were supplied with
20 L of plant extract. Following a 24-hour incu-
bation period at 37°C, the plates were examined.
The diameter of the inhibition zone was mea-
sured to estimate the antibacterial activity fol-
lowing incubation. The findings of each test were
averaged after being run three times. The posi-
tive and negative controls were streptomycin
100g/ml and DMSO, respectively.

Analysis of Antifungal Activity

Antifungal activity was assessed using the
agar well diffusion method (Magaldi et al. 2004).
The zone of inhibition was used to assess anti-
fungal activity against the test fungus species
(Aspergillus flavus MTCC 2798, A. niger MTCC
282, Candida albicans MTCC 183, and Rhizo-
pus oryzae MTCC 2726). 5 mm diameter wells
were drilled on a potato dextrose agar (PDA)
using a sterilised cork-borer. After that, 20 ìL of
the sample solutions were added to the wells.
After 48-hour incubation at 26°C, the inhibition
zone’s diameter was determined. The reference
antifungal drug used was fluconazole 30 g/ml,
while DMSO was used as the negative control.
Triplicates of each experiment were run.

RESULTS  AND  DISCUSSION

A total of five different extracts from P.
dindygulensis were prepared in methanol, ace-
tone, chloroform, aqueous, and n-hexane. Each
extract’s proportion of soluble chemicals was
calculated, and the findings are shown in Table
1. This plant showed the highest percentage of
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soluble compounds in acetone extract (18.1%)
followed by distilled water (16.5%). The lowest
yield was reported in hexane (12.4) followed by
methanol (12.65%).

Preliminary Qualitative Phytochemical
Analysis

The current investigation found that the dif-
ferent P. dindygulensis extracts contained a va-
riety of compounds, including terpenes, fla-
vonoids, alkaloids, cardiac glycosides, phenols,
glycosides, steroids, saponins, and flavonoids
(Table 2). However, all five extracts included
phenols, tannins, and terpenoids. Except for n-
hexane, practically all extracts included alkaloids
and flavonoids. A variety of secondary metabo-
lites, including alkaloids, phenols, tannins, an-
thraquinones, terpenoids, anthocyanins, ste-
roids, coumarins, and flavonoids, were detected

in both methanol and acetone extracts. These
secondary metabolites were present in a medi-
um variety in the aqueous extract. The least
amount of secondary metabolites is present in
n-hexane and chloroform extracts when com-
pared to all other solvent extracts. Both the meth-
anol and the aqueous extracts contained prima-
ry metabolites such as carbohydrates, proteins,
and fatty acids. The methanol extract exhibited
higher levels of steroids, phenols, coumarins,
and alkaloids.

Antimicrobial Activity

About 4 strains of bacteria, two from each
gram-negative (S. enterica and Pseudomonas
sp.) and gram-positive (S. mutans and S. au-
reus) and 4 fungal species, 1 from a non-filamen-
tous human pathogen (Candida albicans), 2 fil-
amentous plant pathogens (Aspergillus flavus

Table 1: Percentages of the soluble extract of various solvent extracts

The solvent used for Weight of the The volume of the Weight of the Percentage of
extraction  powered material  solvent  soluble extract  the extract

Methanol 25gm 250ml 3.16 12.65
Acetone 25gm 250ml 4.52 18.1
Chloroform 25gm 250ml 3.18 12.72
Aqueous 25gm 250ml 4.14 16.5
N-Hexane 25gm 250ml 3.11 12.4

Source: Authors

Table 2: Preliminary qualitative phytochemical analysis of various extracts of P. dindygulensis

Plant constituents Aq Me Ac Ch Nh

Carbohydrates ++ ++ + - -
Proteins + + - - -
Fixed oils and fats - + - - -
Gums and mucilage - + + - +
Alkaloids - ++ + + -
Anthraquinones - + + + +
Phenols ++ ++ + + +
Tannins + ++ ++ + +
Flavonoids + + + + -
Terpenoids + + + + +
Glycosides - - + - ++
Cardiac glycosides + + - - -
Saponins - - - - +
Steroids + ++ + - +
Anthocyanins + + + - -
Coumarins + ++ ++ - -

Aq: aqueous extract; Me: Methanolic extract; Ac: acetone extract; Ch:  chloroform extract; Nh: n-hexane extract;
(-) = negative (absent), (+) = Positive (slightly present), (++) = Positive (Abundantly present).
Source: The authors give data from their analysis in the form of a table
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and A. niger) and 1 opportunistic human patho-
gen (Rhizopus oryzae) were exposed to crude
extracts of Methanol (Me), Acetone (Ac), Chlo-
roform (Ch), Aqueous (Ch), and n-hexane (Nh)
(10mg, 5mg, and 2.5mg of each). Tables 3 and 4
were showing the results of the zone of inhibi-
tion tests against bacteria and fungi, respectively.
Streptococcus mutans were most effectively in-
hibited by the methanol extract at concentra-
tions of 10 mg, 5 mg, and 2.5 mg in zones mea-
suring 20, 18, and 16 mm, respectively. Acetone
and chloroform extracts displayed strong inhib-
itory effects against the same microbe (S. mu-
tans) in comparison to methanol. Except for
Pseudomonas, three organisms were not inhib-
ited by aqueous extracts. Only the gram-posi-
tive bacteria S. mutans and S. aureus were sus-
ceptible to the inhibitory effects of n-hexane
extracts. Only methanol and chloroform extracts
displayed the lowest inhibitory activity at their
maximum concentrations when used against
Salmonella enterica, which exhibited the high-
est resistance to all plant extracts. Gram-nega-
tive bacteria Salmonella was highly resistant,
Pseudomonas was moderately tolerant to P.
dindygulensis plant crude extracts, whereas
gram-positive bacteria S. mutans and S. aureus
were more vulnerable.

Only C. albicans was affected by all five ex-
tracts, whereas methanol and water extract dem-
onstrated inhibitory efficacy against all four fun-
gal strains. At its maximum dose (10 mg), ace-
tone extract had the greatest growth-inhibiting
activity against C. albicans (12.3mm). While C.
albicans is more vulnerable than the other three
fungi, Rhizopus oryzae is the most resistant of
the four. Research has demonstrated that alka-
loids and polyphenols exhibit pronounced anti-
microbial properties against a diverse spectrum
of pathogenic bacteria and fungi (Othman et al.
2019). The methanol extracts exhibit strong an-
tibiotic activity against bacteria, which suggests
that active components are present in large amounts
and it also exhibited higher concentrations of ph-
thalic acid, di (2-propyl pentyl) ester, which has
antimicrobial effects (Osuntokun 2019). This could
be the cause of P. dindygulensis’ remarkable
antimicrobial potential.

GC-MS Spectral Data Analysis

Methanol extract demonstrated the highest
level of microbial growth inhibition among the

different solvent extracts studied, so GC-MS was
used to analyse the comprehensive phytochem-
ical profiling. The aforementioned experimental
method led to the identification of multiple peaks
in the GC-MS spectral data of the methanol ex-
tract of P. dindygulensis, which suggested the
existence of 30 different compounds. Figure 1
displayed the chromatogram of the GC-MS. By
evaluating the compounds’ mass fragmentation
patterns and retention indices in the Spectral
Library and Database based on the licensed
NIST 2017 Library and were operated using Open
Lab CDS version 2.5 software, each of these
compounds was identified and described. The
compounds reported in GC-MS spectral data are
included in Table 5 along with their peak area per-
centages, chemical class, molecular formula, mo-
lecular weight, structural features, and biological
activities in order of retention times.

The biological activities of important com-
pounds were investigated by a survey of the
literature. The researchers observed that most
of the compounds possess a variety of advan-
tageous pharmacological and therapeutic ef-
fects. Phthalic acid, di (2-propyl pentyl) ester
(37.68), 6-hydroxy-5,14,14-trimethyl-15, 19-diox-
apentacyclo [11.7.0.01,16.02,10.05,9] icos-12-en-
18-one (16.88), 7-deacetoxy-7-hydroxy gedunin
(10.24), cis-methyl 11-eicosenoate (5.14) and
methyl 13-phenyl-tridecanoate (2.93) were the
most prevalent significant chemicals in respec-
tive of their area percentages. The insignificant
substances included salvigenin (0.95), cis-13-
eicosenoic acid, methyl ester (1.96), obacunone
(1.93), ethyl iso-allocholate (1.05), cholesta-22,
24-dien-5-ol, 4, 4-dimethyl (0.97) and cis-13-
eicosenoic acid, methyl ester (1.96). Less than
0.9 percent of the compounds were leftovers.

P. dindygulensis contains numerous bioac-
tive compounds. Wu et al. (2006) isolated thir-
teen secolignans, including Peperomin A, B, C,
and E, and Lin et al. (2011) isolated two more
secolignans, Peperomin G and H, all of which
have anticancer properties. Wang et al isolated
tetrahydrofuran lignans in 2012. The entire phy-
tochemistry of P. dindygulensis is summarised
by Duan et al. (2019) and 87 identified chemicals
are discussed, including lignans (43), flavone
glycosides (15), and polyketides (17), steroids
(4), fatty acids (2) and aromatic compounds (6).
In this study, about 30 phytocompounds were
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reported through GC-MS analysis. Of these, only
hexadecanoic acid was previously reported by
Chen et al. (2007), but the remaining compounds
were discovered for the first time from this plant.
The compounds identified by GC-MS analysis
were categorised into terpenes, fatty acids, fla-
vones, phenols, steroids, and other substanc-
es. Fatty acids (11 compounds) were the most
representative compounds in terms of diversity,
followed by sesquiterpenes (10 compounds),
steroids (6), and phenols, flavones, and alkyl
aryl esters, which had the fewest single com-
pounds. However, alkyl aryl esters (Phthalic acid,
di (2-propyl pentyl) ester) alone led in terms of
area percentage, accounting for 37.68 percent,
followed by steroids, limonoids, and fatty acids
(26.84%). Tables 6 and 7 show several groups of
components’ relative abundance and diversity.

 In the present study, different phytocom-
pounds obtained with the help of GC-MS analy-

sis were also reported with anti-cancer, antimi-
crobial, anti-inflammatory, sedative, anti-asthma,
analgesic, antioxidant, and painkiller properties.
The compounds -caryophyllene,-cubebene,
oxyoctalineformate, methyl 9-cis,11-trans-octa-
decadienoate, trans-13-octadecenoic acid, me-
thyl ester, heptadecanoic acid, 16-methyl-, me-

Table 7: The relative abundance of different phy-
tochemical groups

S. Grouped components        Relative area
No.         percentages

1 Terpenes 2.37
2 Phenyl propenes 0.18
3 Fatty acids 26.84
4 Alkyl aryl ester 37.68
5 Flavones 0.95
6 Steroids 19.78
7 Limonoids 12.78

Source: Authors

 Table 8: Pie chart on % of compounds showing different biological activities

S. No. Compounds name Pharmacological action

1 - caryophyllene, 1-Naphthalenol, 1,2,3,4,4a,7,8,8a-octahydro- Antimicrobial activity
1,6-dimethyl-4-(1-methylethyl)-[ oxyoctaline formate], caryophyllene
oxide, hexadecanoic acid, methyl ester, hexadecanoic acid,
1-(hydroxymethyl)-1,2-ethanediyl ester, phthalic acid, di
(2-propylpentyl) ester, 9-octadecenoic acid (Z)-, 2-hydroxy-
1-(hydroxymethyl)ethyl ester, ethyl iso-allocholate,
14-demethyllanosterol, and 7-deacetoxy-7-hydroxygedunin

2 - caryophyllene, alloaromadendrene, palmitic acid, methyl Antioxidant activity
13-phenyl-tridecanoate,  hexadecanoic acid and 1-(hydroxymethyl)-
1,2-ethanediyl ester

3 -cubebene, 1-naphthalenol, 1,2,3,4,4a,7,8,8a-octahydro-1,6-dimethy Anti-cancer
l-4-(1-methylethyl)-[ oxyoctaline formate], methyl 9-cis,1
1-trans-octadecadienoate, trans-13-octadecenoic acid, methyl ester,
heptadecanoic acid, 16-methyl-, methyl ester, 9-octadecenoic
acid (Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester, salvigenin
and obacunone

4 - caryophyllene,  caryophyllene, -cubebene, 1-naphthalenol, Anti inflamatory
1,2,3,4,4a,7,8,8a-octahydro-1,6-dimethyl-4-(1-methylethyl)-[
oxyoctaline formate], palmitic acid, trans-13-octadecenoic acid,
methyl ester, cis-methyl 11-eicosenoate, methyl 13-phenyl-tridecanoate,
9-octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxymethyl) ethyl ester,
ethyl iso-allocholate and 7-deacetoxy-7-hydroxygedunin

5 - caryophyllene Sedative
6 - caryophyllene, -cubebene and 1-naphthalenol, 1,2,3,4,4a,7,8, Analgesic

8a-octahydro-1,6-dimethyl-4-(1-methylethyl)-[ oxyoctaline formate]
7 Hexadecanoic acid, methyl ester, n-hexadecanoic acid and trans- Anti-androgenic

13-octadecenoic acid, methyl ester
8 Hexadecanoic acid, methyl ester and n-hexadecanoic acid Nematicide/ insectiside
9 Hexadecanoic acid, methyl ester, palmitic acid, and trans- Hypocholestromic

13-Octadecenoic acid, methyl ester

Source: A review of the literature (references cited in table 5)
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thyl ester, phthalic acid, di (2-propyl pentyl) es-
ter, 9-octadecenoic acid (Z)-, 2-hydroxy-1-(hy-
droxymethyl) ethyl ester, salvigenin, and oba-
cunone are previously reported with anticancer
activities. The compounds with the highest area
percentages are discussed here for their biolog-
ical activities. Phthalic acid, di (2-propyl pentyl)
ester having anti-microbial properties (Osuntokun
2019), trans-13-octadecenoic acid methyl ester is
significant because it qualities that are anti-leu-
kotriene D4, anti-inflammatory, antiandrogenic,
cancer-preventive, irritating, hypocholesterolem-
ic, 5-alpha reductase inhibitor (Krishnamoorthy
and Subramaniam 2014), 7-deacetoxy-7-hydrox-
ygedunin is another important molecule having
anti-bacterial (Okhale et al. 2013), diuretic, anti-
inflammatory, and antiasthma (Tyagi and Agarw-
al 2017) properties. Cis-methyl 11-eicosenoate trig-
gers the immune system and stimulates the pro-
duction of inflammatory metabolites (Alqarni et
al. 2019). Of the 30 compounds found in methanol
extract, nearly 11 have antimicrobial and antiox-
idant properties, ten have cancer-fighting and
cytotoxic properties, four have antioxidant prop-
erties, three have analgesic and hemolytic prop-
erties and two have asthmatic properties (Table
8). No activity has been reported from cis-13-
eicosenoic acid, methyl ester, 6-hydroxy-5, 14,

1 4 - t r i m e t h y l - 1 5 , 1 9 - d i o x a p e n t a c y c l o
[11.7.0.01,16.02,10.05,9] icos-12-en-18-one  and cis-
13-octadecenoic acid, methyl ester till date. The
structures of the compounds detected in GC-MS
analysis are given in Figure 2.

CONCLUSION

In the present study, the medicinal herb of P.
dindygulensis was chosen for the phytochemi-
cal characterisation and microbial analysis. The
increased amount of phenolic compounds, alka-
loids, steroids, flavonoids and tannins revealed
by methanol and acetone extracts compared to
water, chloroform, and n-hexane extracts ex-
plained why these two extracts had stronger
antimicrobial activity among the five. A total of
30 peaks were identified by the GC-MS analysis
of the methanol extract representing a greater
variety of compounds. The majority of the chem-
icals found in this extract, including caryophyl-
lene, cubebene, oxyoctaline formate, methyl 9-
cis, 11-trans-octadecadienoate, trans-13-octade-
cenoic acid, methyl ester, phthalic acid, di (2-
propyl pentyl) ester, 9-octadecenoic acid (Z),
salvigenin and obacunone are proven to have
antioxidant, antibacterial, anti-inflammatory, an-

Fig. 1. GC-MS chromatogram of methanol extract of P. dindygulensis
Source: Authors
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titumor and anti-cancer properties. Among the
fungal strains examined, except C. albicans, all
others showed simply moderate to frail antifun-
gal action, and the antibacterial measure exhibit-
ed great adequacy. When antimicrobial potenti-
alities of plant extracts were compared to those of
standard extracts, methanol extract showed the
highest (65%) resistance to S. mutans, whereas
the other extracts demonstrated 25 to 50 percent.
The bioactive compounds of P. dindygulensis
methanolic extract showed effective antimicrobi-
al activities as a substitute for the development
of new antimicrobial agents as a medicine.

RECOMMENDATIONS

Methanolic extract of P.dindygulensis has
been found to have potent antimicrobial capa-
bilities under in-vitro conditions, whereas GC-
MS analysis of this medicinal plant confirms this
potential by identifying several secondary me-
tabolites and bioactive compounds with effec-
tive antimicrobial properties. These discoveries
have given the use of plant resources in tradi-
tional medicine a sound scientific foundation. It
is strongly advised that more research should
be done on this medicinal plant so that it can

Fig. 2: Phytocompounds (Structures) from P. dindygulensis  Compound numbering is given the same as
in Table 5
Source: Authors
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withstand the clinical trials to develop plant-
based natural medications.

ABBREVIATIONS

AUV: Andhra University Herbarium code
GC-MS: Gas Chromatography-Mass Spec-

trometry
MSD: Mass Selective Detector
HP-5 MS: (5%-phenyl)-methylpolysiloxane

capillary column
UI: Ultra Inert
EI: Electron Ionisation
MTCC: Microbial Type Culture Collection

and Gene Bank
DMSO: dimethyl sulfoxide
NIST: National Institute of Standards and

Technology
CDS: Chromatography Data System
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