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Abstract: This study investigated the phytochemical composition and biological
activities  of  Strobilanthes  urens  leaf  extracts.  The  proximate  composition,
including protein, carbohydrate, lipid content, nutritive value, and total moisture,
was evaluated.  Qualitative  phytochemical  screening revealed the presence of
alkaloids, flavonoids, proteins, tannins, phenols, terpenoids, saponins, glycosides,
and carbohydrates in all three extracts, except for steroids in methanol, and both
terpenoids and steroids in the distilled water extract. Alkaloids, tannins, saponins,
glycosides,  and  steroids  were  absent  in  the  chloroform extract.  Quantitative
analysis confirmed the presence of polyphenols, flavonoids, tannins, and alkaloids,
while  GC–MS  analysis  identified  22  major  bioactive  compounds  with  potential
medicinal properties. Antioxidant activity assessed by the DPPH assay showed IC₅₀
values of 79.23 ± 3.78 µg/mL in methanol and 237.00 ± 12.37 µg/mL in distilled
water, with no activity in chloroform. The extracts exhibited antibacterial activity
but no significant antifungal effect. Cytotoxicity evaluation by MTT assay showed
IC₅₀ values against MCF-7 and HepG2 cell lines ranging from 88.19 ± 8.29 to
188.10 ± 39.99 µg/mL. Overall, the findings highlight the phytochemical richness
and potential pharmacological value of S. urens leaf extracts.

Introduction
All over the world, plants are essential to human life. Their
secondary metabolites play a vital role. A large number of
plants are used to treat numerous ailments. According to the
WHO, eighty percent of the population in the world depends
upon medicine,  80 to 85% of  medicine is  extracted from
medicinal plant extracts (1). Herbal medicines treat and cure
many  diseases  and  health  conditions  through  traditional
systems such as Unani, Ayurveda, and Siddha. Strobilanthes
urens (B. Heyne ex Roth) J.R.I. Wood is a genus of flowering
plants in the family Acanthaceae. The native range of this
species is western India. It is a subshrub and grows primarily
in the seasonally dry tropical biome. Acanthaceae comprises
346 genera  and 4300 species,  most  of  which  are  herbs,
shrubs, and vines. The plants of this family are cosmopolitan
and distributed in the Old and New World. And present in
Africa, Central America, Malaysia, and Indonesia, with few
species  extending  to  South  Europe,  Japan,  the  Southern
coast of New Holland, and Southern to the Cape of Good
Hopes,  In  India,  Acanthaceae  genera  are  peculiar  to  the
Southern parts,  Indian Archipelago and Malayan Peninsula
but have spread from Sutlej to Sylhet and lower ranges of
Himalayas (2). The plants have many therapeutic uses, such
as  treating  inflammation,  infections,  wounds,  skin  lesions,
diarrhea,  scabies,  leprosy,  ulcers,  and  snake  bites  (3).  

Plant-based medicine has become of great interest owing
to its versatile applications. Medicinal plants are the source
of  drugs  in  conventional  systems  of  medicine,  including
present-day medications, food supplements, nutraceuticals,
folk  medicines,  pharmaceuticals,  and  synthetic  drugs  (4).
The plant has been traditionally used to treat bone fractures,
skin  conditions,  urinary  diseases,  and  allergies  (5).
Strobilanthes hamiltoniana  exhibits potent pharmacological
activities, including antibacterial and anthelmintic activities
(6).  The  present  research  aims  to  study  the  potent
phytochemicals  (Qualitative  and  Quantitative),  their
antimicrobial,  antioxidant,  and  anticancer  activities.

Materials and Methods
Collection of Plant Material
The collection of S. urens (B. Heyne ex Roth) J.R.I. Wood is
from  Kalgi  village,  Kalburgi  District,  Karnataka,  India,
identified  by  A  N  Sringeswara,  curator,  Mahatma  Gandhi
Botanical Garden, University of Agricultural Sciences, KGVK
Bangalore, collection Number 009, Accession number UASB
5720. The plant and its part identified can be seen in Figure
1.

Preparation of Leaf Extract
The fresh plant leaves were washed with ionized water to
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Figure 1. (A) Habit, (B) flowering twig, (C) stem, (D) adaxial leaf, (E) abaxial leaf, (F) inflorescence, (G) flower, (H) dry powder, (I) methanol extract, (J)
water extract, and (K) chloroform extract of Strobilanthes urens.

remove surface impurities and unwanted debris,  then air-
dried in a shaded area to ensure proper moisture removal.
The  dried  material  was  ground  into  a  fine  powder  using  a
blender. Approximately 25 g of the leaf powder were packed
into  filter  paper  and  subjected  to  Soxhlet  extraction  using
250 mL each of distilled water, methanol, and chloroform. 

Proximate Compositions
The  dried  plant  powder  was  used  to  analyze  moisture
content, which was determined by drying the biomass for 10
h at 100 °C. Lipid content was estimated using the phenol-
sulfuric acid method, carbohydrate content by the Kjeldahl
method, and protein content according to AOAC procedures.
Ash content was measured in a muffle furnace at 550 °C to
determine the nutritive value (7).

Total Phenolic Contents
The total phenolic content (TPC) was estimated using the
Folin–Ciocalteu (FC) reagent, with gallic acid as the standard
antioxidant. A 100 µL aliquot of appropriately diluted extract
was mixed with 0.5 mL of FC reagent and incubated at room
temperature for 10 min. Then, 2 mL of 7% Na₂CO₃ solution
was added. The mixture was boiled for 1 min, after which the
absorbance  was  measured  a t  750  nm  us ing  a
spectrophotometer (Shimadzu UV-1800, Kyoto, Japan). The
results  were  expressed  as  micrograms  of  gallic  acid
equivalents (µg GAE) (8).

Total Flavonoid Estimation
The  total  flavonoid  content  was  estimated  using  200  µL  of
the sample mixed with 5 mL of chromogen reagent, 25 mL of
methanol,  25  mL  of  concentrated  HCl,  and  0.1%

cinnamaldehyde solution in a cooled mixture totaling 75 mL.
After incubation for 10 min, the absorbance was measured at
640 nm. The flavonoid content was expressed as micrograms
of catechin equivalents (µg CE) per milligram of extract (9).

Total Alkaloid Estimation
A 200 µg portion of the sample was dissolved in 1 mL of 2N
HCl,  then  filtered  and  washed  with  10  mL  of  chloroform.
Similarly, atropine standard solutions (20, 40, 60, 80, and
100 µg/mL; Sigma Chemical, USA) were prepared. To each
solution, 5 mL of bromocresol green (BCG) reagent (prepared
by dissolving 69.8 mg of  BCG in  3 mL of  2N NaOH and
diluting  with  distilled  water)  and  phosphate  buffer  (pH  4.7)
were added, and the total volume was made up to 10 mL.
The  absorbance  was  measured  at  470  nm  using  a
spectrophotometer, with a blank prepared under the same
conditions  but  without  atropine  or  sample.  The  alkaloid
content  was  expressed  as  micrograms  of  atropine
equivalents  (µg  AE)  per  milligram  of  extract.

Total Tannins Estimations
The tannin  content  was  estimated  using  0.05  mL of  the
sample, and the volume was adjusted to 0.5 mL with distilled
water.  Then,  0.25  mL  of  1N  Folin–Ciocalteu  reagent  was
added,  followed  by  1.25  mL  of  20%  sodium  carbonate
solution. The mixture was vortexed and incubated for 40 min
at room temperature. Absorbance was measured at 725 nm
using  a  spectrophotometer.  The  tannin  content  was
expressed as micrograms of tannic acid equivalents (µg TAE)
per milligram of extract (10).
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Qualitative Phytochemical Analysis
A  preliminary  qualitative  phytochemical  analysis  was
conducted  for  different  secondary  metabolites  (Phenols,
Alkaloids,  Flavonoids,  Tannins,  Terpenoids,  Saponins,
Glycosides,  Steroids,  Proteins,  Carbohydrates)  using specific
chemical reagents (11).

Antimicrobial Activity
Antimicrobial activity was evaluated using the agar diffusion
method (12). The samples were tested against gram-positive
Staphylococcus  aureus  (MTCC-7443)  and  gram-negative
Escherichia coli (MTCC-7410), with incubation at 37 °C for
bacterial  strains.  The  inoculum  was  adjusted  to
approximately 5 × 10⁵ CFU/mL using sterile saline solution.
Samples were dissolved in DMSO at a concentration of 20
mg/mL to prepare the stock solution and loaded into wells at
concentrations  ranging  from 200  µg  to  800  µg.  Mueller-
Hinton agar was used for bacterial cultures, and Czapek-Dox
agar  was  used  for  fungal  species.  The  fungi,  Aspergillus
flavus  (MTCC-9606)  and  Pichia  anomala  (MTCC-237),  were
incubated at 28 °C for 72 h. After incubation, the diameters
of the inhibition zones (mm) were measured.

GC-MS Analysis
Gas chromatography–mass spectrometry  (GC–MS)  analysis
was performed to determine the phytochemical constituents.
The procedure was carried out using a Shimadzu QP2010S
system  operating  in  electrospray  ionization  (ESI)  mode,
equipped with an ELITE-5MS capillary column (film thickness:
0.25 µm; length: 30 m; internal diameter: 0.25 mm). The GC
oven temperature was initially set at 80 °C and programmed
to increase to 450 °C at  a rate of  20 °C/min to achieve
effective analyte separation. Sample injection was conducted
using  a  2  mm  direct  injection  technique.  Compound
identification  was  based  on  the  comparison  of  relative
retention  times  and  mass  spectral  data  with  reference
spectra  from  the  National  Institute  of  Standards  and
Technology (NIST) library. The analytical procedure followed
established  protocols  to  ensure  accurate  compound
characterization, as described by Chakraborty et al. (2022)
(13).

FTIR Analysis 
Fourier  Transform  Infrared  Spectroscopy  (FTIR)  was
employed to analyze the bioactive constituents. The analysis
was performed using a spectrophotometer (Thermo Fisher
Scientific,  Waltham,  MA,  USA).  The  dried  powder  of
biosynthesized  nanoparticles  was  mixed  with  potassium
bromide (KBr) and compressed into pellets. The spectra were
recorded  within  the  range  of  400–4000  cm⁻¹  to  identify
characteristic  infrared  absorption  bands.  The  presence  of
functional  biomolecules  in  the  sample  was  confirmed
through  spectral  analysis,  facilitating  comprehensive
characterization of the nanoparticles’ chemical composition
(14).

DPPH Assay
The radical scavenging activity of the samples was evaluated
using the stable DPPH radical, as previously described (15).
Different concentrations of the samples (0–100 µg/mL) were
mixed with 2 mL of DPPH solution (100 µM) and 3 mL of
methanol. The mixture was incubated at room temperature
in the dark for 45 min. After incubation, the absorbance was
measured at 517 nm using a spectrophotometer (Shimadzu

UV-1800, Kyoto, Japan) against a blank (without sample or
standard).  The  free  radical  scavenging  capacity  of  the
samples  was  calculated  and  expressed  as  IC₅₀  values,
relative to vitamin C as the standard.

Cytotoxicity Property
The IC₅₀ value was determined using the MTT assay. Cultured
cells (1 × 10⁵) were seeded into 96-well plates and incubated
for 48 h at 37 °C in a 5% CO₂ incubator. After incubation, the
monolayer was washed with fresh medium, and 100 µL of
different  test  concentrations  of  the  samples  was  added  to
each well. The cells were further incubated under the same
conditions.  Subsequently,  the  medium was  removed,  and
100 µL of MTT solution was added to each well, followed by
incubation  at  37  °C  for  4  h.  After  the  supernatant  was
discarded,  100 µL of  DMSO was added to each well  and
incubated for 10 min to solubilize the formazan crystals. The
optical density was measured at 590 nm. The percentage of
cell  growth inhibition was calculated,  and the IC₅₀  values
were determined from the dose–response curve (16).

Results and Discussion
Proximate Composition
The proximate analysis of S. urens leaf extract revealed the
following composition:  total  protein,  28.62 ± 2.57%; total
carbohydrates, 17.85 ± 1.24%; total lipids, 12 ± 0.75%; total
ash, 14.26 ± 0.59%; moisture content, 2.35 ± 0.24%; and
nutritive value, 233.88 kcal.

In  comparison,  Strobilanthes  crispus  leaves  were
reported  to  have an  ash  content  of  21.6%,  with  mineral
concentrations  of  calcium  (5185  mg/100  g),  potassium
(10,900  mg/100  g),  sodium  (2953  mg/100  g),  iron  (255
mg/100 g), and phosphorus (201 mg/100 g) in notably high
amounts (17). Strobilanthes crispa  Blume was reported to
contain relatively low levels of protein, carbohydrates, fat,
moisture,  ash,  and  minerals  (18).  Similarly,  Strobilanthes
auriculata Nees was found to contain protein (8.40 mg/100
g), amino acids (2.25 mg/100 g), tannins (4.80 mg/100 g),
crude  lipids  (0.99  mg/100  g),  and  crude  fiber  (0.14  mg/100
g)  (19).  Furthermore,  S.  crispus  was  reported  to  have
moisture  (82.43  ±  0.94%),  ash  (6.97  ±  0.34%),
carbohydrates (2.94 ± 0.92%), protein (4.56 ± 0.12%), and
fat (3.05 ± 0.41%) (20).

Table 1. Qualitative phytochemical analysis of Strobilanthes
urens leaf extract.

No. Phytochemical tests SULF M SULF DW SULF CHL

1 Phenols + + +

2 Alkaloids + + -

3 Flavonoids + + +

4 Tannins + + -

5 Terpenoids + - +

6 Saponins + + -

7 Glycosides + + -

8 Steroids - - -

9 Proteins + + +

10 Carbohydrates + + +

Note: (+) = present and (-) = absent.
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Table 2. Quantitative phytochemical estimation of Strobilanthes urens leaf extract.

No. Samples Polyphenols
(µg/mg GAE)

Flavonoids
(µg/mg QE)

Tannins
(µg/mg TAE)

Alkaloids
(µg/mg AE)

1 SULF DW 235.50 ± 5.44 135.57 ± 8.88 28.88 ± 2.89 105.71 ± 5.20

2 SULF M 270.50 ± 3.30 260.57 ± 3.93 130.03 ± 7.02 211.79 ± 1.99

3 SULF Chl 199.25 ± 2.50 150.15 ± 5.63 2.45 ± 3.51 53.06 ± 5.85

 
Table 3. Bioactive compounds found in Strobilanthes urens using GC-MS.

Peak# Retention Time Area Area% Similarity Base m/z Compound Name

1 3.842 1646387 2.15 98 96.00 Furfural

2 5.687 1058709 1.38 98 110.05 Furfural <5-methyl->

3 6.844 442838 0.58 96 79.05 Benzyl alcohol

4 6.981 648737 0.85 75 113.00 Thiofuran <2-methyl-, 3-methyl->

5 7.614 395493 0.52 83 43.00 Pineapple ketone

6 9.670 2762250 3.60 94 97.00 Hydroxymethyl furfural

7 11.987 438285 0.57 66 136.05 Copaen-4-alfa-ol <beta->

8 13.821 3136242 4.09 65 73.05 Decamethylcyclopentasiloxane

9 14.530 1534616 2.00 73 73.05 Tridecanol <n->

10 14.621 1261145 1.65 53 73.05 Tridecane <n->

11 17.451 348926 0.46 96 68.05 Neophytadiene

12 17.521 355595 0.46 92 43.05 Phytone

13 18.793 4311986 5.63 46 73.05 Decamethylcyclopentasiloxane

14 19.358 1395407 1.82 96 73.00 Hexadecanoic acid <n->

15 21.223 2949334 3.85 54 73.05 Decamethylcyclopentasiloxane

16 21.894 1446147 1.89 92 82.05 Neophytadiene

17 22.214 455586 0.59 95 67.05 Linoleic acid

18 22.319 1033923 1.35 89 79.05 Linolenate <methyl->

19 28.165 1204901 1.57 69 277.10 Phytol

20 38.235 1249610 1.63 67 81.10 Torulosol

21 38.584 4600200 6.00 65 83.10 Larixol

22 39.440 5567702 7.26 66 145.10 Torulosol

Preliminary Qualitative Phytochemical
Analysis
The preliminary qualitative phytochemical  analysis  (PQPA)
of S. urens leaf extract revealed the presence of alkaloids,
phenols,  tannins,  flavonoids,  terpenoids,  saponins,
glycosides, steroids, and proteins. These compounds were
detected across all three solvent extracts (methanol, water,
and chloroform), except steroids in methanol; terpenoids and
steroids in distilled water; and alkaloids, tannins, saponins,
glycosides, and steroids in chloroform (Table 1).

Similarly,  S.  alternata  leaves  have  been  reported  to
contain  alkaloids,  saponins,  flavonoids,  tannins,  and
hydrogen cyanide, with additional evaluation of their anti-
nutritional  components  (21).  Strobilanthes  integrifolius
leaves  were  shown  to  contain  alkaloids,  carbohydrates,
glycosides,  saponins,  proteins,  phytosterols,  fixed  oils,
phenolics,  and  flavonoids,  while  its  stems  exhibited  the
presence  of  alkaloids,  carbohydrates,  phytosterols,
terpenoids, phenolics, and flavonoids. Likewise, Strobilanthes
blume  leaves  were  reported  to  contain  carbohydrates,
phytosterols,  terpenoids,  fixed  oils,  and  phenolics,  and  its

stems  to  contain  alkaloids,  carbohydrates,  phytosterols,
terpenoids, phenolics, and flavonoids (22).

Quantitative Phytochemical Estimation
The quantitative phytochemical estimation (QPE) of S. urens
leaf extract revealed that the total polyphenol content was
235.50 ± 5.44 µg/mg in distilled water, 270.50 ± 3.30 µg/mg
in methanol, and 199.25 ± 2.50 µg/mg in chloroform. The
total flavonoid content was 135.57 ± 8.88 µg/mg in distilled
water, 260.57 ± 3.93 µg/mg in methanol, and 150.15 ± 5.63
µg/mg in chloroform. The total tannin content was 28.88 ±
2.89  µg/mg  in  distilled  water,  130.03  ±  7.02  µg/mg  in
methanol, and 2.45 ± 3.51 µg/mg in chloroform. The alkaloid
content was 105.71 ± 5.20 µg/mg in distilled water, 211.79
± 1.99  µg/mg in  methanol,  and  53.06  ± 5.85  µg/mg in
chloroform (Table 2).

S.  alternata  has  been  reported  to  contain  phytates,
tannins,  oxalates,  and  cyanogenic  glycosides  (23).
Strobilanthes  kunthiana  was  reported  to  possess  tannins,
phenolics,  and  flavonoids  (24).  Similarly,  Strobilanthes
heyneana root extract exhibited a total phenolic content of
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Figure 2. Chromatogram of Strobilanthes urens methanol leaf extract.

Figure 3. Structures of compounds identified in the methanolic leaf
extract of Strobilanthes urens.

125.53  ±  2.29  µg/mg  and  a  flavonoid  content  of  32.79  ±
0.62 µg/mg (25).

GC-MS Analysis
The GC–MS analysis of the methanolic extract of S. urens
revealed  a  total  of  45  bioactive  compounds  with  distinct
retention times and area percentages (Table 3 and Figure
2).  The  major  compounds  identified  include  Furfural  (RT
3.842),  Pineapple  ketone  (RT  7.614),  5-Methylfurfural  (RT
5 . 6 8 7 ) ,  B e n z y l  a l c o h o l  ( R T  6 . 8 4 4 ) ,
Decamethylcyclopentasiloxane (RT 13.821),  Neophytadiene
(RT 17.451), Phytone (RT 17.452), n-Hexadecanoic acid (RT
19.358),  Linoleic  acid  (RT  22.214),  Phytol  (RT  28.165),
Torulosol  (RT  38.235),  and  Larixol  (RT  38.584).  The
corresponding chemical structures of these compounds are
shown in Figure 3.

Similarly, GC–MS analysis of S. crispus extracts reported

18 compounds in the leaves, 23 compounds in the stem, and
12 compounds in the roots, including hexadecanoic acid, 9-
octadecanamide, eicosane, squalene, cholesterol, vitamin E,
campesterol,  stigmasterol,  γ-sitosterol,  lupeol,  and betulin
(26).  Strobilanthes  glutinosus  chloroform  and  n-hexane
extracts revealed 81 compounds, such as methyl esters, n-
hexadecanoic  acid,  lupeol,  linoleic  acid,  stigmasterol,  γ-
sitosterol,  and linoelaidic  acid,  many of  which have been
reported  to  exhibit  antioxidant,  antidiabetic,  anti-
inflammatory,  antimicrobial,  antiprotozoal,  and  anticancer
activities  (27).

FTIR Analysis
FTIR analysis was performed to identify the functional groups
of  bioactive  components  based  on  peak  values,  allowing
classification  of  compound  types  (Figure  4).  The  detected
peaks  ranged  from  4000  cm⁻¹  to  600  cm⁻¹.  The  major
absorption bands corresponded to N–O–H, N–H, C–H, N=C=S,
C=C, O–H bending, and C–F stretching, which indicate the
presence  of  intermolecular  vibrations,  secondary  amines,
alkanes,  isothiocyanates,  conjugated  alkenes,  nitro
compounds,  carboxylic  acids,  and  fluoro  compounds.

Additional  peaks  such  as  O–H,  C–H,  O=C=O,  S–C≡N,
C=C,  S=O,  and  CO–O–CO were  associated  with  alcohols,
aldehydes,  carboxylic  acids,  thiocyanates,  cyclic  alkanes,
sulfonyl chlorides, and anhydrides. The O–H, N–H, O=C=O,
C=C,  C–H,  S=O,  C–N,  and  C–O  stretching  bands
corresponded to alcohols, secondary amines, carbon dioxide,
conjugated  alkenes,  alkanes,  sulfonyl  chlorides,  aromatic
amines,  and  primary  alcohols,  respectively,  in  methanol,
water, and chloroform extracts.

S.  crispus  leaves  were  previously  reported  to  exhibit
functional  groups  such  as  C–Cl  (halo  compounds),  C–N
(amines),  C=C (alkenes),  N–H  (aliphatic  primary  amines),
M–O (metal–oxygen bonds), C–O (tertiary alcohols), and O–H
stretching  (alcohol  groups)  (28).  Similarly,  Strobilanthes
ciliatus Nees showed characteristic peaks for S=O (sulfates),
C–H bending (alkanes),  C–O (alkanes),  N–H (amines),  C–H
(carboxylic acids),  C–H (aryl  ketones),  N–H (amides),  C=O
(amides), =C–H (aldehydes), and C=O (ketones) (29).

Antioxidant Activity by DPPH Assay
The antioxidant activity of S. urens  extracts revealed IC₅₀
values of 79.23 ± 3.7 µg/mL and 237.00 ± 12.37 µg/mL for
the methanol and distilled water extracts, respectively, while
the  chloroform  extract  showed  no  detectable  activity.
Vitamin C was used as a standard (Table 4).  The strong
antioxidant potential observed in the methanolic extract may
be attributed to its high flavonoid content, as flavonoids are
known to exhibit antioxidant activity primarily through metal
chelation mechanisms (35).
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Figure 4. Analysis of functional groups in methanolic, distilled water, and chloroform extracts of Strobilanthes urens by FTIR.

 

Table 4. Antioxidant activity of Strobilanthes urens leaf
extract.

No. Samples DPPH (IC50 µg/ml)

1 SULF M 79.23 ± 3.78

2 SULF DW 237.00 ± 12.37

3 SULF CHL ND

4 Std (Vit-C) 26.21 ± 2.84
Note: Not detected (ND) indicates there is no activity found in
the tested concentration.

S.  kunthiana  has  been  reported  to  show  significant
antioxidant activity, with IC₅₀ values of 19.97 ± 1.30 µg/mL
and 20.97 ± 1.74 µg/mL in the DPPH assay, and 4.36 ± 0.38
µg/mL in the ABTS assay (27). Similarly, S. crispus  leaves
demonstrated potent  radical-scavenging activity,  with  IC₅₀
values of 44.1, 58.2, and 78.3 µg/mL as determined by the
DPPH assay (30).

Antimicrobial Activity
The antimicrobial activity of S. urens extracts demonstrated
clear zones of inhibition at the tested concentrations across
all  three  solvent  extracts.  The  bacterial  strains  used  for
antibacterial testing were S. aureus  and E. coli,  while the
fungal  strains  tested  were  A.  flavus  and  P.  anomala.  No
ant i fungal  act iv i ty  was  observed  at  the  tested
concentrations. Kanamycin was used as the standard control
(see Figure 5 and Supplementary Table 1).

Previous  studies  on  S.  crispus  and  Clianthus  nutans

reported activity against a total of eight Gram-positive and
eight  Gram-negative  bacteria  using  the  agar  diffusion
method  with  ethanol,  acetone,  and  chloroform  extracts.
Among these, Pseudomonas aeruginosa exhibited the largest
zone  of  inhibition,  indicating  strong  susceptibility.  This
suggests that certain phytochemicals present in the extracts
may  specifically  target  P.  aeruginosa,  contributing  to  its
pronounced  antibacterial  effect  (31).

Cytotoxicity by MTT Assay
The cytotoxicity assay results revealed that the percentage
of cytotoxicity against the MCF-7 cell line showed IC₅₀ values
of 188.10 ± 39.99 µg/mL and 88.18 ± 8.29 µg/mL, while the
HepG2 cell line exhibited IC₅₀ values of 129.34 ± 3.94 µg/mL
and 156.38 ± 5.64 µg/mL.  Doxorubicin  was  used as  the
standard control (Figures 6, 7, and Supplementary Table
2).

The  methanolic  extract  of  S.  crispus  was  previously
reported to show limited cytotoxicity against HepG2 cells at
concentrations  ranging  from 31.25  µg/mL  to  250  µg/mL,
indicating no significant cell death (32). In contrast, S. crispa
leaf extracts in ethyl acetate and chloroform demonstrated
potent cytotoxic activity against the HepG2 cell line, with IC₅₀
values of 38.8 µg/mL (33). Furthermore, S. crispus stem and
leaf extracts exhibited cytotoxic activity against the MCF-7
cell line, with IC₅₀ values of 23 µg/mL and 38 µg/mL for the
leaf  extract,  while  the  stem  extract  showed  higher  IC₅₀
values of 74–86 µg/mL (34). Lower IC₅₀ values indicate higher
potency due to stronger interactions with cellular targets,
whereas higher IC₅₀ values reflect weaker cytotoxic potential
(35).
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Figure 5. Antimicrobial activity of methanolic, distilled water, and chloroform leaf extracts of Strobilanthes urens.

Figure 6. Microscopic images showing the cytotoxic effects (% cell viability) of methanolic, distilled water, and chloroform leaf extracts of Strobilanthes
urens on MCF7 and HepG2 cell lines at a concentration of 160 µg/mL.

Figure 7. Cytotoxicity assay showing different concentrations of Strobilanthes urens leaf extracts against HepG2 and MCF7 cell lines.
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Conclusion
The present study reveals that the various phytochemicals
present in S. urens (B. Heyne ex Roth) J.R.I. Wood. These are
linked to various pharmacological and biological activities.
The various compounds identified might be a good source of
novel drugs as the GC-MS analysis shows a good anti-cancer
potential  from MCF-7  and  HepG2  show good  therapeutic
values in crude extracts against various ailments. From the
present research, the Torulosol bioactive compound shows
potent  activity.  It  is  concluded  that  the  methanol  crude
extract shows a promising tool in the pharmaceutical and
therapeutic applications. Further study is needed to isolate,
characterize, and determine the pharmacological activities of
compounds reported in our study. 

Abbreviations
SULF M = Strobilanthes urens methanol extract; SULF DW =
Strobilanthes  urens  distilled  water  extract;  SULF  CHL  =
Strobilanthes urens chloroform extract; SULF = Strobilanthes
urens  leaf;  GC-MS  =  Gas  chromatography  mass
spectroscopy.
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