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ABSTRACT:

Background: Diarrheal diseases caused by
pathogenic bacteria continue to be a major global
health problem. The rapid emergence of
antimicrobial  resistance  has  reduced the
effectiveness of conventional antibiotics, increasing
the need for alternative therapeutic agents from
medicinal plants. Leucas aspera is a well-known
medicinal herb traditionally used for treating various
infectious diseases and is rich in Dbioactive
phytochemicals ~ with  potential  antimicrobial
properties.Aim and Objectives: The present study
aimed to evaluate the in vitro antimicrobial activity
of the ethanolic extract of Leucas aspera against
diarrhea-causing bacterial pathogens by determining
the Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC). The
objectives were to prepare the ethanolic extract,
determine the MIC using the broth microdilution
method, evaluate the MBC by subculturing onto
Mueller-Hinton agar, and assess the antibacterial
efficacy of the extract against the selected
pathogens.Materials and Methods: The ethanolic
extract of Leucas aspera was prepared from shade-
dried plant material. Antibacterial activity was
evaluated against diarrhea-causing  bacterial
pathogens using the broth microdilution method to
determine the MIC. Samples from wells showing no
visible growth were subsequently subcultured onto
Mueller—Hinton agar plates to determine the MBC.
Standard ~ microbiological =~ procedures  and
appropriate controls were employed throughout the
study.Resultsand Discussion: The ethanolic extract
of Leucas aspera demonstrated concentration-
dependent antibacterial activity against the tested
pathogens. The MIC values confirmed the ability of
the extract to inhibit bacterial growth, while the

MBC values demonstrated its bactericidal effect at
higher concentrations. The antimicrobial activity
may be attributed to the presence of
phytoconstituents such as flavonoids, phenolic
compounds, tannins, alkaloids, and terpenoids,
which are known for their antibacterial properties.
These findings support the traditional medicinal use
of Leucas aspera in the treatment of infectious
diseases.Conclusion: The study concludes that the
ethanolic extract of Leucas aspera possesses
significant in vitro antimicrobial activity, as
evidenced by both MIC and MBC assays. The
extract exhibited inhibitory and bactericidal effects
against  diarrhea-causing bacterial pathogens,
indicating its potential as a natural antimicrobial
agent. Further phytochemical characterization,
toxicity evaluation, and in vivo studies are
recommended to validate its therapeutic application.

Key words: Leucas aspera,Minimum Inhibitory
Concentration, Minimum Bactericidal
Concentration, E.coli, S.aereus.

L INTRODUCTION:
1.1 DIARRHEA:

Diarrhoea is a common gastrointestinal
disorder characterized by the passage of three or
more loose or watery stools within 24 hours. It is a
symptom of various infectious and non-infectious
diseases rather than a disease itself. Diarrhoea
results from an imbalance between intestinal fluid
secretion and absorption, leading to excessive loss
of water and electrolytes. The major causative
pathogens include Escherichia coli, Shigella spp.,
Salmonella  spp.,  Vibrio cholerae, and
Campylobacter  jejuni. Non-infectious causes
include food intolerance, inflammatory bowel
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disease, medications, and malabsorption disorders.
Diarrthoea is a major public health concern,
particularly in developing countries, and is
associated with significant morbidity and mortality
among children under five years of age.

TYPES
Acute, Persistent, and Chronic diarrhoea.[’-?]

1.2 Minimum Inhibitory Concentration (MIC)

The Minimum Inhibitory Concentration
(MIC) is defined as the lowest concentration of an
antimicrobial agent that completely inhibits the
visible growth of a microorganism after an
appropriate incubation period. MIC is commonly
determined using the broth microdilution method
and provides a quantitative measure of the
antimicrobial potency of a test compound. It is
considered the gold standard for evaluating
antimicrobial susceptibility.]

1.3 Minimum Bactericidal Concentration (MBC)
The Minimum Bactericidal Concentration
(MBC) is defined as the lowest concentration of an
antimicrobial agent that kills 99.9% of the initial
bacterial population. It is determined by
subculturing samples from MIC tubes or wells
showing no visible bacterial growth onto
antimicrobial-free  agar plates. The lowest
concentration that results in no bacterial colony
growth after incubation is recorded as the MBC.

II. PLANT PROFILE:
2.1 PLANT DESCRIPTION:

Leucas aspera is an annual herb known for its
strong, hairy, and sharply four-angled stem growing
up to 15 to 60 cm tall. Its narrow and linear leaves
are slightly pubescent and have lengths of 8 cm and
width of 1.25 cm and the leaf margin is either entire
or very slightly serrate. Petioles are short with
lengths of 2.5 to 6 mm. Leucas aspera has white,
small, sessile flowers arranged in dense whorls at
the tip or side of branches. The flowers have bracts
that are thin with lengths of 6 mm each; the tips of
the bracts have bristles accompanied by fringe of
fine hairs. Tubular calyxes grow from 8 to 13 mm;
the upper part of the calyx has ribs and pubescence.
The narrow mouth and the small triangular teeth are
characteristic of the calyx, where the upper tooth is
larger than the rest. Corolla is about 1 cm long, 5
mm pubescent tube and ringed throat. The short and
woolly upper lip is paired with longer lower lip that
has short lateral lobes and broad median lobe. Fruit
is made up of smooth brown oblong nutlets which

are 2.5 mm long, having rounded outer and angular
inner face.!

Fig No 1:

Leucas aspera - Aerial parts

2.2 BOTANICAL CLASSIFICATION:
Kingdom: Plantae (Plant).
Subkingdom:  Tracheobionta

plants).

Superdivision: Spermatophyta (Seed plants).
Division: Angiospermae.

Class: Dicotyledonae.

Subclass: Gamopetalae.

Series: Bicarpellatae.

Family: Labiatae or Lamiaceae.

Genus: Leucas.

Species: aspera.[®]

(Vascular

1. METHODOLOGY:

3.1 COLLECTION AND AUTHENTICATION:

The aerial parts of Leucas aspera were
collected from the local area of Anthiyur in the
month of December 2026, Erode District, Tamil
Nadu, India. The plant material was authenticated
by Dr. P. RADHA; Research officer (Botany) Sci II,
1/C; Siddha Medicinal Plants Garden/ Mettur Dam,
Tamil Nadu- 636401 .and a voucher specimen
{C0205250021} was submitted at the SSM College
of Pharmacy, Erode (638312) Tamil Nadu, India.

3.2 EXTRACTION OF PLANT MATERIAL BY
MACERATION:

The ethanolic extract of Leucas aspera was
prepared by maceration method.
Maceration is a simple, traditional solid-liquid
extraction method wused to isolate bioactive
compounds from plant materials using an organic
solvent.

Principle:
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Maceration is an extraction technique based
on the principle that when plant material is soaked
in a suitable solvent, the solvent penetrates the plant
cells and dissolves the soluble phytoconstituents.
These dissolved constituents then diffuse from the
plant material into the surrounding solvent until
equilibrium is reached. The extract is subsequently
separated by filtration.

Apparatus required for maceration:
e  Plant material / Crude drug powder
e Solvent (ethanol)
e Maceration container (Glass bottle or
conical flask)
e  Measuring cylinder
o  Filter paper
e  Funnel and Storage container.

Procedure:

First, the plant material was collected,
washed, and dried at a temperature not exceeding
40°C. After drying, the material was ground into a
coarse powder using a mechanical grinder. A known
quantity of the powdered drug was placed in a clean,
closed container and soaked with a suitable solvent
(ethanol, water, or hydroalcoholic solvent) in an
appropriate ratio (1:10 w/v), until the material is
completely immersed. The container is tightly
closed or seal and kept at room temperature for
about 3-7 days, with occasional shaking or stirring
to improve the dissolution of active constituents into
the solvent. After the maceration period, the mixture
is filtered using filter paper or muslin cloth to
separate the liquid extract from the plant residue.
The filtrate is obtained is then concentrated by
evaporating the solvent using a water bath or rotary
evaporator if required. Finally, the concentrated
extract is collected and stored in an airtight
container for further study or use.[”-%]

3.3MINIMUM
CONCENTRATION
A). For E. coli
Materials required

E. coli — 443 was purchased from MTCC,
Chandigarh, India. Nutrient broth was purchased
from Himedia, India. Sterile 96 well plates were
purchased from Tarsons, India. Conical flask was
from Borosil, India. Spirit lamp, double distilled
water and Test samples, standard.
Procedure

The broth microdilution assay method was

used to determine the MICs for the susceptibility of
E. coliin sterile disposable flat-bottomed 96-well

INHIBITORY

microtiter plates. Briefly, the 0.5 McFarland
inoculum suspensions were further diluted 1:100 in
nutrient broth and the final inoculum of the bacteria
was approximately 1.5 x10° CFU/mL. Then, 50 pL
of the bacterial suspension and 50 pL of serially
diluted test sample LA was seeded into a 96-well
plate. The concentrations of the serially diluted
samples LA were 500, 250, 125, 62.5, 31.25, 15.6,
7.8, 3.9, 1.9 and 0.9 pg/mL.Standard is used as
positive control. The plates were then incubated at
37 °C for 18-24 h. The results were read at 600 nm
using a microplate reader. Changes of color were
observed and recorded. All the tests were done in
triplicates.

B). For S. aureus

MIC wvalues are used to determine
susceptibilities of bacteria to drugs and also to
evaluate the activity of new antimicrobial agents.

Materials required

S. aureus — 902was purchased from MTCC,
Chandigarh, India. Nutrient broth was purchased
from Himedia, India. Sterile 96 well plates were
purchased from Tarsons, India.Conical flask was
from Borosil, India. Spirit lamp, double distilled
water and Test samples, standard.

Procedure

The broth microdilution assay method was
used to determine the MICs for the susceptibility of
S. aureus in sterile disposable flat-bottomed 96-well
microtiter plates. Briefly, the 0.5 McFarland
inoculum suspensions were further diluted 1:100 in
nutrient broth and the final inoculum of the bacteria
was approximately 1.5 x10® CFU/mL. Then, 50 puL
of the bacterial suspension and 50 pL of serially
diluted test sample LA was seeded into a 96-well
plate. The concentrations of the serially diluted
samples LA were 500, 250, 125, 62.5, 31.25, 15.6,
7.8, 3.9, 1.9 and 0.9 pg/mL.Standard is used as
positive control. The plates were then incubated at
37 °C for 18-24 h. The results were read at 600 nm
using a microplate reader. Changes of color were
observed and recorded. All the tests were done in
triplicates.[!

3.4MINIMUM
CONCENTRATION
A). For E. coli
Principle

The MBC test determines the lowest
concentration at which an antimicrobial agent will
kill a particular microorganism. The MBC is

BACTERICIDAL
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determined using a series of steps, undertaken after
a Minimum Inhibitory Concentration (MIC) test has
been completed. MBC testing is useful for
comparing the germ-killing activity of several
antimicrobial agents at once.
Materials required

(E. coli — 443) was purchased from MTCC,
Chandigarh, India. Nutrient Agar medium, Nutrient
broth, was purchased from Himedia, India. Test
samples, petri-plates, test tubes, beakers conical
flasks were purchased from Borosil, India. Spirit
lamp and double distilled water were used.
Nutrient Agar Medium

The medium was prepared by dissolving
Peptone - 0.5 gm, NaCl - 0.5 gm, Yeast extract- 0.2

gm, Beef extract- 0.1 gm and agar powder- 1.75 gm
in 100ml of distilled water. The dissolved medium
was autoclaved at 15 Ibs pressure at 121°C for 15
minutes. The autoclaved medium was mixed well
and poured onto 100mm petriplates (25-30ml/plate)
while still molten. 1ml culture were treated with
IC50 concentration of the test sample LA —E. coli
(21.84 png/ml) obtained from MIC. The culture was
serially diluted, and the 10 dilution was plated on
the Nutrient agar medium by spread plate method,
and the plate was incubated at 37° C for 24 hrs.
After incubation colonies were counted and MBC
was calculated using the formula.

CFU _ (No.of colonies x Dilution factor)

ml Volume of culture loaded in ml

B). For S. aureus
Principle

The MBC test determines the lowest
concentration at which an antimicrobial agent will
kill a particular microorganism. The MBC is
determined using a series of steps, undertaken after
a Minimum Inhibitory Concentration (MIC) test has
been completed. MBC testing is useful for
comparing the germ-killing activity of several
antimicrobial agents at once.
Materials required

(S. aureus — 902) was purchased from
MTCC, Chandigarh, India. Nutrient Agar medium,
Nutrient broth, was purchased from Himedia, India.
Test samples, petri-plates, test tubes, beakers conical
flasks were purchased from Borosil, India. Spirit
lamp and double distilled water were used.

Nutrient Agar Medium

The medium was prepared by dissolving
Peptone - 0.5 gm, NaCl - 0.5 gm, Yeast extract- 0.2
gm, Beef extract- 0.1 gm and agar powder- 1.75 gm
in 100ml of distilled water. The dissolved medium
was autoclaved at 15 Ibs pressure at 121°C for 15
minutes. The autoclaved medium was mixed well
and poured onto 100mm petriplates (25-30ml/plate)
while still molten. 1ml culture were treated with
IC50 concentration of the test sample LA — .
aureus (26.30 pg/ml) obtained from MIC. The
culture was serially diluted, and the 10? dilution was
plated on the Nutrient agar medium by spread plate
method and the plate was incubated at 37° C for 24
hrs. After incubation colonies were counted and
MBC was calculated using the formula.[!!?]

CFU _ (No.of colonies x Dilution factor)

ml =~ Volume of culture loaded in ml

IV.  OBSERVATION AND RESULTS

4.1 EXTRACTION:
Calculation of percentage yield of leucas aspera:

Weight of extract obtained

Percentage yield (%) = (

—x 100

~ 100

=9.03 %w/w

Weight of plant material used

)xlOO

The percentage yield of the extraction of leucas aspera was found to be 9.03%w/w respectfully.

4.2 PYHTOCHEMICAL SCREENING:
Table. No: 1 Phytochemical Screening

Phytoconstituents

Inference
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Alkaloids +
Saponins +
Phenol and Tannins +
Carbohydrate and sugars -
Proteins and amino acids +
Triterpenoids +
Steroids +
Flavonoids +

4.3MINIMUM INHIBITORY CONCENTRATION:
For E.coli:

A. OD Value at 600 nm

Control Mean OD value: 1.324

DOI: 10.5281/zenodo.22068412

S. No Tested sample concentration (pg/ml) OD Value at 600 nm(in triplicates)
1 NC 1.203 1.432 1.336
2 PC 0.195 0.189 0.278
3 500 pg/ml 0.299 0.235 0.252
4 250 pg/ml 0.386 0.379 0.478
5 125 pg/ml 0.484 0.499 0.534
6 62.5 pg/ml 0.651 0.593 0.595
7 31.25 pg/ml 0.672 0.665 0.689
8 15.6 pg/ml 0.789 0.856 0.782
9 7.8 pg/ml 0.887 0.945 0.897
10 3.9 pg/ml 1.065 0.977 1.078
11 1.9 pg/ml 1.179 1.182 1.191
12 0.9 pg/ml 1.292 1.255 1.253
2.0
-e- Control
-
1.5 LA pg/ml
: .
=
=)
S
et 1.0
~)
<
S
0.5+
—
0.0 L] L] L] L] L] L] L] L] L] I L] L] L] L] L] L] L] I L] L] L] L] L] L] L] L] I
0 200 400 600
LA mg/ml
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B. Percentage of inhibition

S. No Tested sample | Percentage of inhibition (in triplicates) Mean value
concentration (%)
(ng/ml)
1. PC 85.2719 85.72508 79.00302 83.33333
2. 500 pg/ml 77.41692 82.25076 80.96677 80.21148
3. 250 pg/ml 70.84592 71.37462 63.89728 68.70594
4. 125 pg/ml 63.44411 62.31118 59.66767 61.80765
5. 62.5 pg/ml 50.83082 55.21148 55.06042 53.70091
6. 31.25 pg/ml 49.24471 49.77341 47.96073 48.99295
7. 15.6 pg/ml 40.40785 35.34743 40.93656 38.89728
8. 7.8 pg/ml 33.00604 28.62538 32.25076 31.29406
9. 3.9 pg/ml 19.56193 26.20846 18.58006 21.45015
10. 1.9 pg/ml 10.95166 10.72508 10.04532 10.57402
11. 0.9 pg/ml 2.416918 5.21148 5.362538 4.330312
100+

Percentage of inhibition

C.IC50 Value of tested sample: 21.84 ng/ml

log(inhibitor) vs. normalized response -- Variable slope
Best-fit values

LogIC50 1.339

HillSlope -0.7913

IC50 21.84

95% CI (profile likelihood)

LogIC50 1.272 to 1.407
HillSlope -0.8841 to -0.7089
IC50 18.69 to 25.52
Goodness of Fit

Degrees of Freedom 28
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R squared 0.9703
Sum of Squares 889.1
Sy.x 5.635
Number of points
# of X values 30
#Y values analyzed 30

S.NO Name of the test | Name of the | MIC MIC- 50
sample Microorganisms
1. LA E. coli 0.9 pg/ml 21.84

For S.aureus:
A. OD Value at 600 nm
Control Mean OD value: 1.324

S. No Tested sample concentration (ug/ml) | OD Value at 600 nm(in triplicates)

1 NC 1.203 1.432 1.336
2 PC 0.195 0.189 0.278
3 500 pg/ml 0.307 0.301 0.211
4 250 pg/ml 0.381 0.452 0.473
5 125 pg/ml 0.494 0.577 0.563
6 62.5 pg/ml 0.588 0.676 0.682
7 31.25 pg/ml 0.695 0.762 0.743
8 15.6 pg/ml 0.797 0.888 0.893
9 7.8 pg/ml 0.991 0.965 0.957
10 3.9 pg/ml 1.061 1.057 1.082
11 1.9 pg/ml 1.189 1.192 1.199
12 0.9 pg/ml 1.272 1.275 1.293
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2.0

OD at 600 nm
> o
]

o
(3]
1

-o- Control

= LA pg/ml

t

o.o L] L] T L] L] L] L] L] I L] L] L] L] L] L] T L] L] I T L] L] L] L] L] L] L] L] I
0 200 400 600
LA pg/ml
B. Percentage of inhibition
S. No Tested Percentage of inhibition (in triplicates) Mean value
sample (%)
concentratio
n (ug/ml)

1. | PC

85.2719 85.72508 79.00302 83.33333
2. | 500 pg/ml

76.81269 77.26586 84.06344 79.38066
3. | 250 pg/ml

71.22356 65.86103 64.27492 67.11984
4. | 125 pg/ml

62.68882 56.41994 57.47734 58.86203
5. | 62.5 pg/ml

55.58912 48.9426 48.48943 51.00705
6. | 31.25 pg/ml

47.50755 42.44713 43.88218 44.61229
7. | 15.6 pg/ml

39.80363 32.93051 32.55287 35.09567
8. | 7.8 ng/ml

25.15106 27.1148 27.71903 26.66163

. [ 3.9 pg/ml 19.86405 20.16616 18.27795 19.43605

10.| 1.9 pg/ml

10.19637 9.969789 9.441088 9.869084
11.] 0.9 pg/ml

3.927492 3.700906 2.34139 3.323263
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100+

80+

60

40+

20+

Percentage of inhibition

log(inhibitor) vs. normalized response -- Variable slope

Best-fit values

LogIC50 1.420
HillSlope -0.7887
IC50 26.30
95% CI (profile likelihood)

LogIC50 1.354 to 1.486
HillSlope -0.8794 to -0.7081
IC50 22.58 t0 30.63
Goodness of Fit

Degrees of Freedom 28
R squared 0.9713
Sum of Squares 851.2
Sy.x 5.514
Number of points

# of X values 30
# Y values analysed 30
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S.NO Name of the test | Name of the MIC MIC- 50
sample Microorganisms
1. LA S. aureus 0.9 pg/ml 26.30

4.4 MINIMUM BACTERICIDAL CONCENTRATION:

For E.coli:

Fig 1.Minimum bactericidal concentration of microorganism from Test sample (LA)

S. No Name of the test | No. of bacterial | Total volume of | CFU/ml-24 hrs
sample colonies- 24 hrs test sample
1. LA - E. coli 1 100 pLL 1x103

The total minimum bactericidal concentration present in the

CFU/ml.

For S.aureus:

sample (E. coli — LA) was found to be 1 x 10°

Fig 2. Minimum bactericidal concentration of microorganism from Test sample (LA)

CFU/ml-24 hrs

S. No Name of the test No. of bacterial Total volume of
sample colonies- 24 hrs test sample
1. LA - S. aureus 3 100 pL 3x10°

The total minimum bactericidal concentration present in the sample (S. aureus — LA) was found to be 3 x 10°

CFU/mlL
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V. DISCUSSION:

The present study demonstrated the in vitro
antimicrobial activity of the ethanolic extract of
Leucas aspera against diarrhea-causing bacteria.
Phytochemical screening confirmed the presence of
alkaloids, saponins, phenolic compounds, and
tannins, which are known for their antimicrobial
properties. The extract showed concentration-
dependent inhibition of bacterial growth in the broth
microdilution assay. The MIC results indicated
effective inhibition of both E. coli and S. aureus.
The MBC assay further confirmed the bactericidal
potential of the extract against both organisms. The
extract exhibited comparatively better activity
against E. coli than S. aureus. These findings
support the traditional medicinal use of Leucas
aspera in infectious diseases. Further phytochemical
isolation and in vivo studies are required to confirm
its therapeutic potential.

VI. CONCLUSION:

The present study demonstrated that the
ethanolic extract of Leucas aspera possesses
significant in vitro antibacterial activity against
diarrhea-causing pathogens. The presence of
important ~ phytoconstituents and  bioactive
compounds identified through phytochemical
screening may be responsible for its antimicrobial
effects. The MIC and MBC results confirmed that
the extract exhibited both inhibitory and bactericidal
activity against Escherichia coli and Staphylococcus
aureus, with comparatively better activity against E.
coli. These findings scientifically support the
traditional medicinal use of Leucas aspera and
suggest that it has potential as a natural
antimicrobial agent for the management of diarrheal
infections. Further phytochemical isolation, toxicity
evaluation, and in vivo pharmacological studies are
necessary to validate its clinical application and
facilitate the development of plant-based therapeutic
agents.
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    C F U  m l =     ( N o .   o f   c o l o n i e s   ×   D i l u t i o n   f a c t o r )  Volume   of   culture   loaded   in   ml


    𝑪 𝑭 𝑼  𝒎 𝒍 =   ( 𝐍 𝐨 .   𝐨 𝐟   𝐜 𝐨 𝐥 𝐨 𝐧 𝐢 𝐞 𝐬   ×   𝐃 𝐢 𝐥 𝐮 𝐭 𝐢 𝐨 𝐧   𝐟 𝐚 𝐜 𝐭 𝐨 𝐫 )  𝐕 𝐨 𝐥 𝐮 𝐦 𝐞   𝐨 𝐟   𝐜 𝐮 𝐥 𝐭 𝐮 𝐫 𝐞   𝐥 𝐨 𝐚 𝐝 𝐞 𝐝   𝐢 𝐧   𝐦 𝐥


                            𝑷 𝒆 𝒓 𝒄 𝒆 𝒏 𝒕 𝒂 𝒈 𝒆   𝒚 𝒊 𝒆 𝒍 𝒅    ( % )   =  (   𝑾 𝒆 𝒊 𝒈 𝒉 𝒕   𝒐 𝒇   𝒆 𝒙 𝒕 𝒓 𝒂 𝒄 𝒕   𝒐 𝒃 𝒕 𝒂 𝒊 𝒏 𝒆 𝒅  𝑾 𝒆 𝒊 𝒈 𝒉 𝒕   𝒐 𝒇   𝒑 𝒍 𝒂 𝒏 𝒕   𝒎 𝒂 𝒕 𝒆 𝒓 𝒊 𝒂 𝒍   𝒖 𝒔 𝒆 𝒅 ) × 𝟏 𝟎 𝟎


  =   𝟗 . 𝟎 𝟑  𝟏 𝟎 𝟎 × 𝟏 𝟎 𝟎


  =   𝟗 . 𝟎 𝟑  𝟏 𝟎 𝟎 × 𝟏 𝟎 𝟎


  = 𝟗 . 𝟎 𝟑   % 𝒘 / 𝒘


  = 𝟗 . 𝟎 𝟑   % 𝒘 / 𝒘

