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Ab s t r Ac t

The primary aim of the current study was to screen Cuscuta chinensis Lam., Dendrophthoe falcata (L.f.) Ettingsh, Clitoria ternatea L., Acacia 
nilotica L., and Aristolochia littoralis Parodi plants on a comparison basis for their antibacterial and anticancer activities. To achieve 
this, aqueous, chloroform, and ethanol extracts of leaves and seeds were prepared and subjected to antibacterial activity against 
multidrug-resistant clinical isolates of Escherichia coli and Staphylococcus aureus. It was observed that aqueous and ethanol extracts 
of A. littoralis Parodi seeds were found to possess significant antibacterial activity against test bacteria compared to extracts obtained 
from leaves. Further, phytochemical analysis was performed for the extracts of each plant to determine the phytoconstituents present. 
The phytochemical analysis of different extracts from the seeds of all five plants revealed the presence of metabolites such as alkaloids, 
steroids, carbohydrates, terpenoids, tannins, and resins. Consequently, the seed extracts were investigated for anticancer activity against 
human skin carcinoma A431 cell lines by MTT assay. Here too, A. littoralis extracts showed significant anticancer activity and the other 
four plants had negligible or no activity. In conclusion, in the current study, it was determined that extracts of A. littoralis seeds, among 
the five medicinal plants screened, possessed both antibacterial and anticancer activity. Based on our previous study, the anticancer 
activity of A. littoralis seed extract recorded in the current study is attributed to a bioactive principle termed naneoicglycolate.
Highlights
• Five traditional medicinal plants were screened for their antibacterial and anticancer activities.
• Phytochemical analysis was performed for the extracts of the plants to determine their phytoconstituents.
• Antibacterial activity was subjected against multidrug-resistant clinical isolates of Escherichia coli and Staphylococcus aureus.
• Seed extracts of potentially screened plants were investigated for anticancer activity against human skin carcinoma A431 cell lines 

by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay.
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In t r o d u c t I o n

Plants with medicinal properties have been used as a source 
of medicine in many parts of the world including India such 

as Africa, Australia, Brazil, and China. Herbal medicines are 
carefully evaluated based on their safety, efficacy, and efficiency 
Khalid et al., (2022). The use of traditional plants as medicine 
is an age-old skill and knowledge that is practiced based on 
former theories and experiments conducted for maintaining 
health and determining the ways and means of treatment for 
various physical and mental illnesses using those medicinal 
herbs Benzie et al., (2011). Research suggests that xenobiotic 
drugs cause adverse and toxic side effects. Long-term usage 
of such drugs causes serious side effects leading to health 
complications. The development of resistance against synthetic 
drugs like antibiotics among bacteria is also a challenge. Hence, 
there is an urge for the discovery of new therapeutics from safe 
and efficient sources. Besides, an increasing recent preference 
among consumers for herbal products against synthetic 
medicines suggests the need for investigation of natural and 
traditional plants for potential therapeutics.

 Medicinal plants contain numerous phytochemicals that 
can potentially be used for therapeutic purposes or to discover 
useful drugs as an alternative to their synthetic counterparts 
Sofowora et al., (2013). Researchers are interested in drug 
resistance as a major challenge and thus putting unprecedented 
efforts over the past decades to address it. Vast research is going 

on in search of the best alternate substances from these plants to 
overcome health hazards (Mahomoodally 2013). Reports suggest 
that more than 80% of the population in developing countries 
depend on wild medicinal plants to treat gut issues, infections, 
reproductive problems, respiratory diseases, wound healing, 
and pain management with their antimalarial, antibacterial, 
antifungal, and antiviral activities (Mahomoodally 2013). Yet, 
numerous studies are required to explore and apply these 
indigenous plants and their derivatives for lethal diseases like 
infectious diseases and cancers (Mahomoodally 2013).

 Incidence of cancer has become the primary cause of death 
in both developed and developing countries leading to incessant 
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economic loss throughout the world due to its cumulative 
frequency results. The adverse effects caused to the human 
body by treating cancer with chemotherapy, radiotherapy, 
and surgery include alopecia, nausea, and vomiting. Hence, 
there is a great demand and urge for the discovery of novel 
medicinal plant species with less or no toxic effects on healthy 
host cells but should be more effective against cancerous cells 
Abdelhamed et al., (2013). Several studies have documented that 
the use of certain plant bioactive principles is not only helpful 
in treating cancer but is also effective in preventing various 
cancers Khanna (2008); Abu-Dahab et al., (2012). The application 
of these molecules is not only cheaper and safer but also has 
various beneficial effects due to its numerous phytochemicals 
Alves-silva et al., (2017); Gezici et al., (2019). 

 With this background, in the present study, we have screened 
five plants namely Cuscuta chinensis Lam., Dendrophthoe 
falcata (L.f.) Ettingsh, Clitoria ternatea L., Acacia nilotica L., and 
Aristolochia littoralis P. to decipher one such potential plant 
with both antibacterial and anticancer properties. To achieve 
this, aqueous, chloroform, and ethanol extract from their leaves 
and seeds were screened. Antibacterial activity was screened 
against antibiotic-resistant isolates of Escherichia coli, and 
Staphylococcus aureus, available in our repository. Anticancer 
activity was tested against human skin carcinoma A431 cell lines 
by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium 
bromide) assay. Upon comparison, A. littorais parodi seed extract 
was found to be more effective for anticancer activity and 
antibacterial activity than its leaf extract. In our previous study, 
the presence of an active molecule termed naneoicglycolate 
in the seed extract was reported and it was attributed to the 
observed antibacterial and anticancer properties (Thara and 
Raghavendra, 2022).

MAt e r I A l s A n d Me t h o d s

Collection and authentication of plant material
 The five plants namely C. chinensis Lam., D. falcata (L.f.) Ettingsh, 
C. ternatea L., A. nilotica and A. littoralis (Table 1) which are 
generally considered as traditional plants were randomly 
collected from the Western Ghats regions of Karnataka, India. 
Upon taxonomical authentication for their unambiguous 
identity, the plants were submitted to Government Science 
College, Hassan, Karnataka, India. Each plant was analyzed for 
its phytochemical constituents. Further, all plant extracts were 
tested for antibacterial and anticancer activity to select potential 
plants with effective activity.

Extraction Process

Extraction from leaves
Fresh leaves were collected from all the 5 plants. The leaves 
were cleaned thoroughly with sterilized water. About 250 g of 
each leaf sample was weighed and ground using a pestle and 
mortar to get a fine paste. This paste extraction was done with 
three different solvents measuring 200 mL such as distilled 
water, 70% ethanol and chloroform, mixed thoroughly for 15 
minutes at room temperature and filtered using muslin cloth 
(Azmir et al., 2013). This preparation was kept in a water bath 

to get a fine powder which was stored at -20°C for future use. 
Whenever required, the powder was dissolved in dimethyl 
sulfoxide (DMSO) with a final concentration of 1-mg/mL.

Extraction from seeds
Dried seeds were powdered to a coarse consistency. About 250 
g of dried seeds were separated with three different solvents 
such as distilled water, 70% ethanol and chloroform. The seed 
sample was divided into three parts and treated with 150 mL of 
the above-mentioned solvents in separate cork bottles and kept 
in the shaker for 3 to 4 days at room temperature. After three 
days, the samples were filtered using Whatman filter paper. The 
extracts were kept in a water bath to get a fine powder which was 
stored at -20°C for future use. Whenever required, the powder 
was dissolved in DMSO with a final concentration of 1-mg/mL.

Soxhlet extraction
Soxhlet extraction was performed using distilled water, 
70% ethanol and chloroform in classical Soxhlet apparatus. 
Approximately, 100 mg of seed powder of each plant was placed 
inside a thimble in a filter paper which was loaded into the main 
chamber of soxhlet extractor. The soxhlet extractor was placed 
into a flask containing 100 mL of each solvent separately. This 
cycle is repeated for 2 days. The collected mixture was placed 
in a water bath to remove the solvent. After the extraction 
process, the suspension was filtered using Whatman no. 1 filter 
paper and was concentrated by a rotary vacuum evaporator. The 
vacuum-dried extracts were preserved in the dark until further 
use Zhang et al., (2018). 

Antibacterial Activity of Plant Extracts using the cup 
diffusion method
Bacterial isolates E. coli U15 and S. aureus P37, isolated from urine 
and pus samples, respectively, were selected from the repository 
of Government Science College, Hassan. 

Antibiogram Study
The antibiogram study was performed to determine the 
antibiotic susceptibility profile for the clinical isolates of E. coli 
and S. aureus. The antibiotics used in this study were azithromycin 
(AZM - 15 µg), cephalothin (CEP – 30 µg), ciprofloxacin (CIP - 5 
µg), cefuroxime (CXM – 30 µg), cefoxitin (CX - 30 µg), cefazolin 
(CZ - 30 µg), lomefloxacin (LOM – 10 µg), methicillin (MET – 5 
µg), Ofloxacin (OF - 5 µg), polymyxin-B (PB – 30 µg), pefloxacin 
(PF – 5 µg), (Piperacillin PI - 100 µg) and tobramycin (TOB - 10 
µg). All the antibiotics were used in the format of discs (HiMedia, 
India). Briefly, each bacterial strain was spread on the Muller 
Hinton agar (MHA) (HiMedia, India) plate for inoculation and 
the antibiotic discs were aseptically placed on the plate. Further, 
these culture plates were incubated at 37ºC for 16 to 18 hours. 
After incubation, the diameter of the ZOI around the disc was 
measured and the bacteria showing resistance to differernt 
antibiotics were taken for the study. Accordingly, multidrug-
resistant strains such as E. coli and S. aureus were selected in the 
study for further experiments. 

Cup diffusion method
The method was used to screen the antibacterial activity of each 
plant extract using MHA plates. About 0.5 mg of water, ethanol 
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Table 1: Description of plants used in the study 

S. No. Plant Common name Family Part used Applications

1. Cuscuta 
chinensis 

Chinese 
Dodder, Akasha 
balli in Kannada

Cuscutaceae leaves, seeds, 
barks, roots 
and stem

Antiproliferative activity, antioxidant activity, anti-
inflammatory, hepatoprotective, antimicrobial, anti-
osteoporotic, anxiolytic activity, anti-aging, antiviral, 
antibacterial, antiulcer, especially in ovarian and breast 
cancer, pain reliever, tumors, scabies, eczema, jaundice, 
fever, chest pain, itching, diarrhea, lactation, edema, 
stomach ache, measles, sprain, alleviation of high blood 
pressure, leucorrhoea, obesity, migraine, amnesia, epilepsy, 
constipation, sexual impotence, vision weakness, kidney 
and liver deficiency (Ahmad et al., 2017; Deepakkumar et 
al., 2017; Wang et al., 2021) 

2. Dendrophthoe 
falcata 

Honey Suckle 
Mistletoein 
English and 
Banda in 
Hindi, Maduk 
badanike in 
Kannada

Loranthaceae leaves, seeds, 
barks, roots, 
stem and 
flowers

Curing wounds, ulcers, pulmonary tuberculosis, renal and 
vesical calculi, asthma, swelling, menstrual disorders, kapha, 
pitta. Cooling, bitter, astringent, aphrodisiac, antipyretic, 
antiallergic, narcotic, acts as anti-microbial, anti-oxidant, 
antiseptic, antibiofilm, anxiolytic, cytotoxic, anti-tumor, 
antidiabetic, hepatoprotective, antifungal, thrombolytic, 
immunostimulatory, antihyperlipidemic, anti-fertility, anti-
cancer, antibacterial (Kumar et al., 2023; Rafe et al., 2015; 
Endharti et al., 2016)

3. Clitoria 
ternatea

bluebell vine, 
blue pea, 
butterfly, pea, 
cordofan pea 
or Darwin pea, 
Sattaga in 
Kannada

Fabaceae leaves, stem 
and flowers

Memory enhancing, antistress, nootropic, antidepressant, 
anxiolytic, anticonvulsant, antibiofilm, antioxidant, 
sedative and tranquilizing properties, antimicrobial, anti-
inflammatory, antipyretic, analgesic, anesthetic, diuretic, 
anticancer, insecticidal, antidiabetic (Jacob et al., 2013; 
Jeyaraj et al., 2022; Alshamrani et al., 2022)

4. Acacia nilotica Vacellia nilotica, 
gum Arabic 
tree, thorn 
mimosa, thorny 
acacia or babul, 
Naachike mullu 
in Kannada

Fabaceae Leaves, 
stems, 
flowers, fruits 
and twigs

Food, fodder, lumber, medicines for dysentery, piles, 
stomach ulcers, tuberculosis, smallpox, leprosy, cough, 
ophthalmia, skin cancer, toothache, antimicrobial, 
antioxidant, anticancer, antileishmanial, antiamastigote, 
antifungal, antiviral and immunomodulatory (Revathi et 
al., 2017; Abdalla et al., 2020; Ahamed et al., 2023; Diab et 
al., 2022)

5. Aristolochia 
littoralis

Dutchman’s 
pipe, 
Eshwariballi in 
Kannada

Aristolochiaceae Seed, root, 
leaves, stem, 
flower and 
twigs

Treat rheumatism, arthritis, myocardial infarction, urinary 
tract cancer, renal interstitial fibrosis, muscle relaxants, 
cholera, abdominal pain, skin problems, stings, bites of 
insects and animals, heart and liver protector, bronchitis, 
constipation, bladder diseases, healing of wounds, 
pain relievers and angina, antimicrobial, anticancer, 
analgesics, anti-inflammatory, antioxidant, antimalarial, 
antidotes for snake bites, antihistamines, antiparasitics, 
angiogenic, antinociceptive, antifibrosis, nephroprotection, 
neuroprotective, antiulcer, antiallergic, antidiabetic, 
antihemorrhagic, antispasmodic, antitoxin and antiplatelet 
(Lerma-Herrera et al., 2022; Salome et al., 2020; Montiel-Ruiz 
et al., 2020)

and chloroform extract of each plant was dissolved in 10 mL of 
distilled water to make 50 µg/mL of stock concentration. From 
this stock, further 40, 30, 20, 10 and 5 µg/mL concentrations 
were prepared using distilled water. Using a sterile cork borer, 
six equidistant wells were made on the MHA plates. A lawn of 
each test organism was plated on the agar using a sterile swab 
as mentioned earlier. All the wells were labeled and wells were 
loaded with 100 µL of different concentrations of the extracts 
along with 100 µL azithromycin (50 µg/mL) as standard. The 
plates were incubated at 37ºC for 24 hours. After incubation, 

the zone of inhibition (ZOI) around each well was measured in 
millimeters (mm) (Sastry and Bhat 2018).

Phytochemical Analysis
Preliminary phytochemical analysis was carried out for each 
plant extract to identify different secondary metabolites 
present and to assess the presence or absence of different 
phytochemicals. The presence of alkaloids was examined using 
Dragendroff’s test, Wagners’s test, Mayer’s test and Hager’s test 
for the aqueous, ethanol and chloroform extracts prepared from 
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all 5 plants. The presence of carbohydrates in the extracted 
aqueous, ethanol and chloroform extracts, prepared from 
the five selected plants, was tested by Molisch’s test, Fehling’s 
test and Benedict’s test. Steroid activity was examined by the 
Libermann-Burchard and Salkowski test for all three extracts. 
Similarly, all the extracts were tested for saponins, tannins 
by ferric chloride test, flavonoids by Shinoda’s test, phenols, 
coumarins, triterpenoids, carboxylic acid, resin and quinine 
Harborne (1984), Harborne (1998); Rufai et al., (2016), Kancherla 
et al., (2019).

Anticancer Activity
Based on the phytochemical constituents and antibacterial 
activity seed extracts from all five plants were selected for 
evaluation of anticancer activity using MTT assay Mosmann 
(1983); Cole (1986); Van Meerloo et al., 2011. Briefly, the A431 skin 
cancer cell line was procured from ATCC and cultured in DMEM 
supplemented with 10% inactivated FBS, penicillin (100 IU/mL), 
and streptomycin (100 µg/mL) in a humidified atmosphere of 
5% CO2 at 37°C until confluent. The cells were dissociated with 
TPVG solution (0.2% trypsin, 0.02% EDTA, 0.05% glucose in 
PBS). Cell viability was determined and the cells were counted. 
Further, 50,000 cells/well were seeded in a 96-well plate and 
incubated for 24 hours at 37°C, in a 5% CO2 incubator. For in 
vitro cytotoxicity, the monolayer cell culture was trypsinized and 
the cell count was adjusted to 1 x 105 cells/mL using respective 
media containing 10% FBS. To each well, 100 µL of the diluted 
cell suspension (50,000 cells/well) was added and incubated to 
form a monolayer of cells. After incubation, the supernatant was 
removed and the cell monolayer was washed with the growth 
medium. Further, the seed extracts of all five plants (distilled 
water, chloroform, and ethanol method) were used as test 
samples and a well with only growth medium without extract 
was used as control. About 100 µL of different concentrations of 
the test sample ranging from 10 to 320 µg/mL was added to the 
partial monolayer and the plates were incubated at 37oC for 24 
hours in 5% CO2 atmosphere. After incubation the test solutions 
in the wells were discarded and 100 µL of MTT (5 mg/10 mL of 
MTT in PBS) was added to each well followed by incubation for 
4 hours at 37oC in a 5% CO2 atmosphere. Following incubation, 
the supernatant was removed 100 µL of DMSO was added and 

the plates were gently shaken to solubilize the formed formazan. 
The absorbance was measured using a microplate reader at a 
wavelength of 590 nm. The percentage growth inhibition was 
calculated using the following formula and the concentration 
of test drug needed to inhibit cell growth by 50% (IC50) values 
was generated from the dose-response curves for each cell 
line. The IC50 values were derived from a nonlinear regression 
analysis (curve fit) based on a sigmoid dose-response curve 
(variable) and computed using Graph Pad Prism 6 (Graph pad, 
SanDiego, CA, USA).

  

re s u lts

Antibacterial Activity of Plant Extracts using the Cup 
Diffusion Method
Based on the antibiogram study the clinical isolates of E. coli 
and S. aureus were found to be multidrug-resistant strains (Fig. 
1). Further, both leaves and seed extracts of five plants were 
subjected to antimicrobial activity against those clinical isolates 
of E. coli, and S. aureus. Irrespective of the plant and extraction 
method, the extracts from leaves had no or negligible inhibitory 
activity against the clinical isolates tested. On the other hand, 
seed extracts demonstrated readable inhibitory activity against 
both E. coli and S. aureus (Table 2). Upon thorough comparative 
analysis of all, only the seed extracts (ethanol and aqueous) from 
A. littoralis showed significant antibacterial activity.

Phytochemical Analysis
Phytochemical analysis was performed for the extracts obtained 
from all five plants to know the different chemical constituents 
present in these plants (Table 3). The result showed the presence 
of assorted phytochemicals in these plants. Alkaloids, steroids, 
carbohydrates, tannins, terpenoids, phenols, and resins were 
present in all five plants. Amino acids, flavonoids, and coumarins 
were present in all four plants except A. littoralis. Carboxylic 
acid was present only in C. chinensis, C. ternatea and A. nilotica 
whereas, quinones were present only in D. falcata and C. ternatea 

Anticancer Activity of A. littoralis Parodi Seed 
Extracts
To assess the cytotoxic activity of the seed extracts from 
five plants, an MTT assay was performed with increasing 
concentrations of different solvent extracts. The obtained results 
indicated that only A. littoralis demonstrated concentration-
dependent anticancer activity irrespective of the method 
of extraction. With increasing concentration of the extract, 
anticancer activity was also found to be incremental, the 
highest being at 320 μg/mL. Among the different extracts 
tested, chloroform extract recorded a highly significant 
cytotoxic activity compared to control along with aqueous 
extract followed by ethanol extract (Fig. 2). The microscopic 
observation also revealed the high anticancer activity at higher 
concentrations of extracts compared to lower as well as control 
(Fig. 3). Further, IC50 values were obtained to be 238, 239.4, and 
118.9 µg/mL for distilled water, chloroform, and ethanol extracts, 
respectively (Table 4).

Figure 1: Antibiogram study for the different antibiotics against E. coli 
and S. aureus
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Table 2: Antibacterial activity of seed extracts from all five plants against multidrug-resistant clinical isolates of E. coli and S. aureus

Plant Type of extract Organism

The zone of inhibition measured in mm
concentration in µg/mL

50 40 30 20 10 5

C. chinensis

Chloroform
E. coli R R R R R R

S. aureus R R R R R R

Ethanol
E. coli R R R R R R

S. aureus 9 ± 0.10 R R R R R

Distilled water
E. coli R R R R R R

S. aureus 13 ± 0.15 R R R R R

D. falcata

Chloroform
E. coli R R R R R R

S. aureus R R R R R R

Ethanol
E. coli R R R R R R

S. aureus 9 ± 0.21 R R R R R

Distilled water
E. coli R R R R R R

S. aureus 9 ± 0.11 9 ± 0.10 R R R R

C. ternatea

Chloroform
E. coli R R R R R R

S. aureus R R R R R R

Ethanol
E. coli R R R R R R

S. aureus R R R R R R

Distilled water
E. coli R R R R R R

S. aureus 14 ± 0.10 7 ± 0.11 9 ± 0.21 5 ± 0.12 6 ± 0.23 R

A. nilotica

Chloroform
E. coli R R R R R R

S. aureus R R R R R R

Ethanol
E. coli R R R R R R

S. aureus 7  ± 0.11 R R R R R

Distilled water
E. coli R R R R R R

S. aureus 9 ± 0.15 18 ± 0.11 16 ± 0.23 R R R

A. littoralis

Chloroform
E. coli R R R R R R

S. aureus R R R R R R

Ethanol
E. coli R R 8 ± 0.12 R R R

S. aureus 20 ± 0.21 10 ± 0.33 10 ± 0.11 10 ± 0.15 16 ± 0.15 R

Distilled water
E. coli R R R R R R

S. aureus 8 ± 0.10 8 ± 0.15 10 ± 0.21 8 ± 0.11 8 ± 0.11 8 ± 0.11

Note: R: Resistant, values are mean of triplicates ± SE

dI s c u s s I o n

With the increasing awareness about the toxic effects associated 
with chemical and synthetic additives ranging from antioxidants, 
flavor agents, antimicrobials, anticancer drugs, and such among 
the civic population, the need for natural alternative products 
is increasing. To address this pressing need, researchers are 
extensively exploring natural plant extracts for promising 
active molecules that can replace their synthetic counterparts 
by demonstrating an extensive range of properties including 

antimicrobial, anticancer, antioxidant, and flavor enhancement 
Ashraf (2020); Nejhad et al., (2023). 

One such immediate look is for natural antimicrobials and 
anticancer drugs from plant sources. This is because of the rise 
in the incidence of infectious diseases worldwide. Additionally, 
bacterial infections have become a significant health problem 
due to the emergence of multidrug-resistant bacterial species 
Tarfaoui et al., (2022). As per the US Centre for Disease Control and 
Prevention (CDC), nearly 2 million Americans have contracted 
antibiotic illnesses, and around 40,000 fatalities and illnesses 
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Table 4: Cytotoxic activity of A. littoralis seed extracts against A431 
cell lines

Extracts Concentration 
(µg/mL)

OD at 
590 nm %Inhibition IC50 µg/mL

Control 0 0.6159 0.00 -

Distilled 
water 

10 0.599 2.81

238

20 0.569 7.66

40 0.521 15.46

80 0.436 29.26

160 0.396 35.66

320 0.250 59.34

Chloroform

10 0.596 3.31

239.4

20 0.574 6.82

40 0.541 12.16

80 0.457 25.78

160 0.328 46.76

320 0.225 63.47

Ethanol

10 0.602 2.21

118.9

20 0.5741 6.79

40 0.527 14.40

80 0.431 29.96

160 0.329 46.60

320 0.263 57.35

Figure 2: Cytotoxicity activity of A. littoralis extracts on A431 cell lines 
at different concentrations

Figure 3: Microscopic observation of A431 cells treated with 
different concentrations of A. littoralis extracts. Cytotoxic effect/cell 
death/apoptosis was in an increasing trend with the increase in the 

concentration of the extract

in Europe were due to multidrug-resistant bacteria Altun et al., 
(2018); CDC 2022). The exploration of traditional plants for their 
antimicrobial and anticancer properties has garnered significant 
scientific interest, as these botanicals are rich sources of bioactive 
compounds (Aarestrup (2005); Rai and Lalramnghinglova 
(2010); Wang et al., (2012); Teoh (2016). Numerous studies have 
documented the efficacy of various traditional plants, revealing 
that phytochemicals such as alkaloids, flavonoids, and terpenes 
possess notable antimicrobial and anticancer activities Kennedy 
et al., (2011); Khan et al., (2019); Ashraf et al., (2022). By leveraging 
the wisdom embedded in traditional medicine, researchers aim 
to isolate and characterize these active constituents, potentially 
leading to the development of new therapeutic agents that 
address pressing health challenges such as antibiotic resistance 
and cancer (Wang and Weller (2006); Verma et al., (2018). This 
integrative approach not only highlights the importance of 
biodiversity in drug discovery but also underscores the potential 
for sustainable, plant-based solutions in modern medicine. In 
the present study, we examined five plants namely C. chinensis 
Lam., D. falcata (L.f.) Ettingsh, C. ternatea L., A. nilotica L and 
A. littoralis P. to decipher one such potential plant with both 
antibacterial and anticancer properties. The study was designed 
as a comparative analysis of the five plants to determine the 
most promising one to demonstrate both antibacterial and 
anticancer activity against multidrug-resistant bacterial strains 
and skin cancer cell lines, respectively.

C. chinensis is a parasitic plant with significant medicinal 
importance in Chinese traditional medicine. It is renowned 
for its potential therapeutic properties, particularly improving 
liver and kidney function, supporting reproductive health, and 
enhancing vitality. Traditionally, the herb C. chinensis in the form 
of decoction or extract was consumed by people, whereas its 
active constituents are being used in modern medicine (Ahmad 
2017). For instance, an herbal mixture derived from Cuscuta 
chinensis exhibited therapeutic effects for postmenopausal 
osteoporosis and ovarian cancer (Abdelhamed 2013). The crude 
ethanol extract of C. Chinese (TSZ) is known to contain osteogenic 
compounds and is used for the treatment of osteoporosis Yang et 
al., (2011). Overall, the medicinal significance of Cuscuta chinensis 
lies in its rich chemical composition and its longstanding role in 
traditional herbal practices.

D. falcata is a hemiparasitic plant with notable medicinal 
properties, particularly in traditional medicine across various 
cultures. It has been used to treat a range of ailments, 
including respiratory disorders, hypertension, and digestive 
issues. Research has highlighted the potential of D. falcata 
anti-inflammatory, antioxidant, and anticancer activities. For 
instance, various extracts of D. falcata stems are reported 
to possess the potential inhibitory effect on carcinoma cells 
(Dashora et al., (2011a); Dashora et al., (2011b); Pattanayak et al., 
(2011); Rafe et al., (2015); Bhagat and Kondawara (2021); Alahmdi 
et al., (2022). Some studies suggest that extracts from this plant 
may help boost the immune system and possess antimicrobial 
properties Bhagat et al., (2022).

C. ternatea is a plant renowned for its medicinal properties 
across Southeast Asia. The flowers, leaves, and roots of C. 
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ternatea are utilized for their diverse therapeutic benefits. It has 
been used for intellect-promoting activities Mukherjee et al., 
(2008). In a recent study, methanol extract from C. ternatea leaves 
was found to demonstrate both antibacterial against Salmonella 
typhi and anticancer activity against human promyelocytic 
leukemia cells indicating the possible therapeutic application 
of its bioactive compounds Das et al., (2020). Leaf and flower 
extracts of the C. ternatea plant have shown antibacterial against 
infectious gram-negative and gram-positive bacteria proving 
the plant to possess antibiofilm, antioxidant, antibacterial, and 
cytotoxic properties Ananda et al., (2011); Dhanasekaran et al., 
(2019); Islam et al., (2023).

A. nilotica holds significant medicinal importance in 
traditional and contemporary medicine. Various parts of Acacia 
nilotica, including the bark, leaves, and gum, are utilized for 
treating ailments such as diarrhea, dysentery, and respiratory 
issues. Rich in bioactive compounds, A. nilotica exhibits notable 
antimicrobial, anti-inflammatory, antidiabetic, and antioxidant 
properties (Sadiq et al., (2017); Rauf et al., (2024). Fruit extract of 
A. nilotica produced nanocomposites ZrO2/RGO, flavonoids, and 
polyphenolics served as capping agents to maximize anticancer 
potential reducing its toxicity to normal cells (Al-Rajhi et al., 
(2023); Ahamed et al., (2023). 

A. littoralis is a plant with a history of traditional medicinal use. 
While specific research on this species may be limited, members 
of the Aristolochia genus have been studied for their potential 
therapeutic properties. Dichloromethane (DCME) extract from 
the leaves and stem of A. foetida caused late apoptotic cell 
death in cancer cell line MCF-7 cells Lerma-Herrera et al., (2021). 
A. ringens ethanolic and methanolic root extracts possess 
significant anticancer activity for sarcoma-180, solid tumors, and 
lymphoid leukemia Akindele et al., (2014). Chloroform extract of 
the roots and leaves of A. baetica and A. indica demonstrated 
effective cytotoxic activity against MCF-7 breast cancer cells 
and MCF-7 cells Chaouki et al., (2010); Subramaniyan et al., 
(2015). The literature survey provided information regarding 
the antibacterial activity of plant extracts from Aristolochia 
genus against B. subtilis, Vibrio cholerae, Klebsiella pneumoniae, 
Salmonella typhi and S. paratyphi A, S. flexneri Pseudomonas 
fluorescens, E. coli, Listeria monocytogenes and antifungal activity 
against Saccharomyces cerevisiae, Aspergillus terreus, Pennicillium 
notatum, and Rhizopus stolonifer (Kavitha and Nirmaladevi (2009); 
Benarba and Meddah (2014) as well as antiviral activity against 
HIV (Navarro-Garcia et al., 2011). However, its activity against 
drug-resistant bacteria has not been tested. Therefore, we 
aimed to test its antibacterial activity against multidrug-resistant 
bacterial isolates such as E. coli and S. aureus.

In the present study, ethanol, chloroform, and aqueous 
extracts of all five selected plants were prepared to extract all 
important bioactive compounds in one or more extracts. With 
this approach, important bioactive compounds present in the 
plants shall be extracted and examined for their therapeutic 
activity. Initially, the extracts were evaluated for antibacterial 
activity against clinical isolates of E. coli and S. aureus, which, upon 
examination, were confirmed as multidrug-resistant strains. For 
unknown reasons, no inhibitory activity of the leaf extracts was 
seen, irrespective of the plant and extraction method, against the 
clinical isolates. Higher concentrations of the leaf extracts might 
inhibit bacterial growth, a hypothesis that can be tested. However, 

the inhibitory activity of seed extracts (aqueous and ethanol) was 
encountered at the concentrations tested. This inhibitory activity 
of seed extracts from all five plants indicated the presence of 
promising bioactive compounds in them. And, this was confirmed 
when the seed extracts were subjected to phytochemical analysis. 
The presence of assorted phytochemicals in the plant extracts 
accentuated the presence of bioactive compounds and the 
diversity in the plants selected. From a thorough comparative 
analysis of the antibacterial activity of all the seed extracts, A. 
littoralis was found to be superior among all five plants. Since 
only seed extracts showed antibacterial activity, the same was 
subjected to evaluate anticancer properties. To the best of our 
knowledge, this is the first study evaluating the anticancer activity 
of the seed extract; and chloroform extract of A. littoralis was 
found to possess that activity. In our previous study, the anticancer 
activity of naneoicglycolate, a purified bioactive compound of A. 
littoralis Parodi seed extract, on the A431 skin cancer cell line was 
reported (Thara and Raghavendra, 2022). This active molecule 
from A. littorlais was confirmed as naneoicglycolate using mass 
spectrometric (MS) analysis and its structure was elucidated using 
nuclear magnetic resonance (NMR). The quantitative apoptosis 
analysis of the molecule revealed a reduction of proliferating 
cells revealing its anticancer property. Based on that study, 
we attribute the anticancer activity of A. littoralis seed extract 
recorded in the current study to naneoicglycolate. However, the 
antibacterial activity could also be exhibited by the same bioactive 
compound or any other compound. It could be a different 
compound altogether because, all three forms of seed extracts 
possessed antibacterial activity and based on our earlier study, 
naneoicglycolate was encountered only chloroform extract. These 
hypotheses can only be confirmed upon further detailed study. 
It is conclusive from the current study, that A. littoralis possesses 
promising antibacterial and anticancer activity among the five 
plants screened. Yet, further research, emphasizing the need 
for careful evaluation and clinical studies, is needed to explore 
the potential benefits and risks associated with A. littoralis and 
establish safe and effective uses.

co n c lu s I o n

Among the five plants C. chinensis, C. ternatea, A. nilotica .,D. 
falcate and A. littoralis screened, A. littoralis proved to be 
the potential among the other four with its phytochemical 
constituents and antibacterial activity which was further 
selected for the anticancer activity. To the best of our knowledge, 
this study is the first of its kind on the A. littoralis Parodi seed 
extract for anticancer activity, wherein the chloroform extract 
exhibited the highest anticancer activity against A431 skin 
cancer cell line compared to its aqueous and ethanol extracts. 
With our supporting study reported earlier, the anticancer 
activity recorded in the present study is confirmatively 
attributed to naneoicglycolate of A. littoralis seeds, with possible 
antibacterial activity too.
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