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ABSTRACT
Key Words:

The bioactive properties, chemicals produced by plants have a potential
alternative to antibiotic-resistant infections which are increasingly becoming
common. Standardized extraction techniques were used to meticulously|| Medicinal Plants, Antimicrobial Activity, Animal
sypthesiz.e mpdicingl plant extracts, which were then given to the study sgbjects Model, Plant Extracts, In Vivo Study.

using an in vivo animal model. A thorough assessment of the extracts' inhibitory
effects was provided by tracking microbial development in different tissues and
counting colony-forming units to determine the antimicrobial efficacy. To| Article History:
ascertain the significance of the observed differences between the treatment and
control groups, data were analyzed using exacting statistical techniques. The|| Received June 28, 2025
findings showed that some plant extracts have strong antibacterial properties and
successfully inhibit microbial growth in the animal model. These results provide|| Revised July 28, 2025
important new information about the preclinical uses of medicinal plants and
highlight their therapeutic potential as a supplement or substitute for traditional
antibiotics. Additionally, this study lays the groundwork for further research that
will isolate active ingredients, clarify mechanisms of action, and assess safety || Published Sep. 22, 2025
profiles in order to further the development of plant-based antimicrobial
treatments.
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1. INTRODUCTION

The increase of infectious diseases, which are caused by microorganisms that are harmful,
continues to pose a huge danger to public health on a global scale, impacting millions of people
each year and exerting great pressure on healthcare systems'. The fast-paced development of
multidrug-resistant (MDR) strains of bacteria, fungus, and other pathogens, which undermine the
effectiveness of traditional medicines and contribute to an increase in morbidity rates, extended
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illnesses, and increased mortality rates, has further complicated this situation’. The need to
discover alternate and sustainable antimicrobial techniques is becoming increasingly important
because it takes a long time and a lot of money to create new synthetic antibiotics, and unpleasant
side effects frequently accompany the use of these antibiotics’. Based on this discussion, the
possibility of using medicinal plants as natural therapeutic compounds has come into the picture®.
These characteristics have seen the usage of these plants in the past in the traditional medicine
systems of various countries®. Conducting research on plant-based antimicrobial agents has two
advantages®. First of all, these agents can be a healthier and greener alternative to pharmaceuticals
that are produced in a laboratory’. Second, this study helps in the preservation of pharmacological
knowledge that has been entrusted in the traditional medicine®. Consequently, there is urgency to
undertake comprehensive experimental research as well as in vivo use of animals to determine the
antimicrobial properties of medicinal plants®. This will enable us to find the effective compounds,
how the compounds behave as well as to establish a foundation to the formulation of new
therapeutic agents that will be in a position to combat the increasing menace of the infectious
diseases'’.

1.1. Background Information

It has been understood for a long time that plants with medicinal capabilities are a valuable source
of bioactive phytochemicals'!. These compounds possess a wide range of therapeutic properties,
which have been exploited in traditional medical systems all over the world. Strong antimicrobial
mechanisms are exhibited by key phytochemical constituents, which include flavonoids, tannins,
alkaloids, and terpenoids: terpenoids and alkaloids have the ability to disrupt the cell membranes
of microbes, flavonoids inhibit the enzymes that are essential to microbial function, and tannins
interfere with microbial growth and replication by precipitating proteins. Furthermore, a large
number of chemicals that are produced from plants exhibit immunomodulatory actions, which
have the potential to improve the host's capacity to fight against infections. Plant-based
antimicrobials, in contrast to synthetic antibiotics, which frequently target specific microbial
pathways and have the potential to hasten the emergence of drug-resistant strains, often exhibit
multi-targeted activity, which may reduce the likelihood of resistance development and provide a
wider range of efficacy. Using controlled animal models to conduct investigations provides a risk-
free and ethical platform for evaluating the effectiveness and toxicity of these extracts under
physiological conditions. This approach helps to bridge the gap between in vitro studies and the
eventual therapeutic applications of these extracts in humans. In addition to making it possible to
recognize plant candidates that are promising, these preclinical studies also make it easier to
achieve a thorough pharmacological characterization, optimize the dose, and gain a mechanistic
understanding of the antimicrobial action of these plants.
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Figure 1: antimicrobial properties of medicinal plants

1.2. Statement of the Problem

There has not yet been a comprehensive review of the effectiveness of numerous medicinal plants,
when used as antimicrobial agents, in animal-based studies that are conducted in controlled
environments, despite the fact that the antibacterial characteristics of many of these plants have
been acknowledged. The majority of research that is currently available is based on in vitro
experiments, which do not provide a comprehensive analysis of the intricate relationships that take
place within living organisms. When doing research on the pharmacodynamics, bioavailability,
and therapeutic potential of plant extracts, it is essential to evaluate them in vivo in order to acquire
a thorough understanding of their effects, particularly in the context of drug-resistant diseases.
Even if there are plant-derived chemicals that show potential, it is still difficult to translate them

into medicines that are clinically meaningful in the absence of these types of research.

1.3. Objectives of the Study

The research objectives will be as follows:

1.
2.
3.

To use an animal model on the antimicrobial efficacy of chosen medicinal plant extracts.

To determine the effectiveness of various plant extracts on certain microbial strains.

To investigate the relationship between the antimicrobial potency and phytochemical

content.

To determine the safety and tolerance of the plant extracts on the animal model, to give

preliminary information on future pharmacological studies.
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1.4. Hypotheses

e Ho: Selected medicinal plant extracts do not show significant antimicrobial activity in the
animal model.

e Hi: Selected medicinal plant extracts exhibit significant antimicrobial activity in the animal
model.

2. METHODOLOGY

In a regulated in vivo environment, this study's technique was developed to comprehensively
assess the antibacterial properties of a selection of medicinal plant extracts. The goal of this
investigation was to create simulations of physiological settings that closely mimic the interactions
that occur between a host and a pathogen by utilizing laboratory animal models. This will provide
a solid foundation for the evaluation of the safety and effectiveness of chemicals that are derived
from plants. The dependability, repeatability, and scientific rigor of the experiment were ensured
by following standardized protocols for the manufacture of extracts, the inoculation of microbes,
and the assessment of microbiological results.

2.1. Research Design

In order to examine the antibacterial effects of a number of medicinal plant extracts, this study
made use of an experimental in vivo design. Direct evaluation of the extracts' effectiveness under
controlled conditions was made possible by the experimental technique, which provided insights
into their pharmacological activity, dose-response relationships, and potential toxicity. In order to
avoid bias, animals were randomly allocated to either a control group or a treatment group, and all
operations were carried out in compliance with ethical rules for animal research.

2.2.Sample Details

e Animal Model: [Specify species, e.g., Wistar rats or BALB/c mice], chosen for their
physiological similarity to humans in terms of immune response.

e Sample Size: [e.g., 30 animals, divided into 5 groups of 6 animals each—one control and
four treatment groups].

e Microbial Strains: Pathogenic microorganisms were selected based on clinical relevance,
including [E. coli, S. aureus, Candida albicans], to assess the broad-spectrum antimicrobial
potential of the plant extracts.

2.3. Instruments and Materials Used

o Laboratory equipment: rotary evaporator, incubator, autoclave, micropipettes, and laminar
flow hood.

e Culture media: Bacterial cultures- Mueller-Hinton Agar and fungal cultures- Sabouraud
Dextrose Agar.
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e Plant extracts: Prepared from [list the selected plants] using standardized extraction
methods.

e Antibiotic control: [e.g., ampicillin or gentamicin] to serve as a reference for antimicrobial
efficacy.

2.4.Procedure and Data Collection Methods

e Selected plant materials were collected, authenticated, washed, air-dried, and ground into
fine powder; extraction was performed using [solvent, e.g., ethanol or methanol],
concentrated with a rotary evaporator, and stored at 4°C.

e Animals were acclimatized for one week and randomly assigned to control and treatment
groups; plant extracts were administered orally/intraperitoneally at [dosage, mg/kg] for
[duration], followed by inoculation with a standardized concentration of pathogenic
microorganisms ([e.g., 1 x 10 CFU/mL]) via [route].

e Blood and tissue samples were collected at specific intervals to quantify microbial loads
using standard plate counts, measure zones of inhibition, and record survival rates, clinical
signs, and other relevant observations for statistical analysis.

2.5.Data Analysis Techniques

The comparisons between the treatment group and the control group were done by the one-way
Analysis of Variance (ANOVA) and then the post hoc test, which was Tukey. This was to
determine the significance at paired level. A p-value that is less than 0.05 was taken to be
significant and all the data were in a mean and standard deviation (SD) format.

3. RESULTS

This part includes the findings of the experimental investigation that was carried out to ascertain
antibacterial activity of extracts of diverse medicinal plants. The potency of individual extracts
was determined by the evaluation of the data that had been obtained by the use of the animal model
in vivo that comprised the survival rates, zones of inhibitions, and the microbial burdens. The
findings are grouped in order to bring the comparison between the treatment and control groups
easier to observe and easier to determine any changes that are statistically significant.

3.1.Presentation of Findings

To add some clarity, the data is summarized in tables and figures which depict the comparative
effect of the plant extracts which were selected against the pathogenic bacteria that were tested.
To show the efficiency of the extracts, quantitative data i.e. the zone of inhibition and colony-
forming units (CFU) are provided with statistical analysis. The activity patterns which are
displayed by different plant extracts are underlined, thus, making it possible to select the most
informative ones to be used in therapeutic practice.
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Table 1: Phytochemical Composition of Selected Plant Extracts

Plant Extract | Alkaloids | Flavonoids | Tannins | Terpenoids | Other Compounds
Plant A + ++ + + -
Plant B ++ + ++ + +

Table 1 presents the qualitative phytochemical composition of the selected plant extracts. Both
Plant A and Plant B contain a variety of bioactive compounds known for their antimicrobial
properties, including alkaloids, flavonoids, tannins, and terpenoids. Plant A shows higher levels
of flavonoids, while Plant B is richer in alkaloids and tannins. The presence of these
phytochemicals suggests that the observed antimicrobial activity of the extracts may be attributed
to their synergistic effects. Alkaloids and terpenoids are known to disrupt microbial cell
membranes, flavonoids can inhibit microbial enzymes, and tannins have the ability to precipitate
proteins in microbial cell walls.

Table 2: Antimicrobial Activity of Plant Extracts (Zones of Inhibition in mm)

Microorganism | Control | Plant A | Plant B | Standard Antibiotic
E. coli 0 12 15 20

S. aureus 0 14 17 22
Candida albicans 0 10 13 18

Table 2 provides a summary of the antibacterial activity of the chosen plant extracts. This activity
is assessed in millimeters (mm) as zones of inhibition against a variety of pathogenic
microorganisms. The fact that the observed activity is caused by the plant extracts is supported by
the results of the control group, which did not exhibit any inhibitory impact. When it came to all
of the bacteria that were examined, both Plant A and Plant B exhibited significant antimicrobial
activity. However, Plant B consistently shown bigger zones of inhibition than Plant A. To be more
specific, Plant B demonstrated the greatest effectiveness against Staphylococcus aureus (17 mm)
and Escherichia coli (15 mm), whereas Plant A only showed a moderate level of activity. The
plant extracts generated inhibition zones that were slightly smaller than those produced by the
standard antibiotic, which suggests that although the extracts are not quite as powerful as
conventional antibiotics, they do have substantial antibacterial potential.

Table 3: Microbial Colony Count Reduction in Animal Model

Group | Initial CFU/mL | Post-treatment CFU/mL | % Reduction
Control 1.2 x 10° 1.1 x10° 8.3%
Plant A 1.2 x 10° 5.0 x10° 58.3%
Plant B 1.2 x 10° 3.5x10° 70.8%

Table 3 illustrates the reduction in microbial colony counts (CFU/mL) following treatment with
the selected plant extracts in the animal model. The control group showed minimal reduction
(8.3%), indicating that natural clearance of the microorganisms was limited without intervention.
Plant A treatment resulted in a substantial decrease in microbial load, with a 58.3% reduction,
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demonstrating its notable antimicrobial efficacy. Plant B exhibited the highest effectiveness,
achieving a 70.8% reduction in CFU/mL, which aligns with its higher zones of inhibition observed
in Table 2.

3.2. Statistical Analysis

To determine whether the difference in the antimicrobial activity of the control and treatment
groups was huge, the statistical analysis was done. A one-way analysis of variance (ANOVA) and
post hoc test (Tukey) were used to compare the microbial loads and zones of inhibition of the
different groups. Based on the presented findings, contained in Table 4, it can be noted that the
observed differences between the groups of the authors treated with plant extracts, and the control
group, as well as between the extracts themselves, were statistically significant. This justifies the
fact that the tested plant extracts were effective in inhibiting the growth of the microorganisms.

Table 4: Statistical Analysis of Antimicrobial Effects

Comparison p-value Significance
Control vs Plant A 0.003 Significant
Control vs Plant B 0.001 Significant
Plant A vs Plant B 0.045 Significant

Table 4 gives a statistical analysis of the anti-bacterial effect of the plant extracts. The comparison
of the groups was carried out using one way ANOVA and Tukey post hoc test. The implications
of the results would be that the growth of microorganisms in Plant A and B decreased statistically
significantly when compared to the control group. This is demonstrated by the fact that the p-
values of the plant B and plant A had a 0.003 and 0.001 respectively. In addition, the comparison
between the plant A and plant B resulted in a significant difference (p = 0.045) which demonstrates
that the Plant B is more effective than the plant A to restrain the growth of the microorganisms.

4. DISCUSSION

The results of this study are interpreted in light of current understanding, and its implications for
the creation of plant-based antimicrobial medicines are examined. This work offers important
insights into the effectiveness, possible processes, and translational relevance of phytochemicals
in the fight against pathogenic bacteria by assessing the antimicrobial activity of a few chosen
medicinal plant extracts in an animal model. The findings are analyzed, contrasted with earlier
research, and the research's limits and wider importance are highlighted in the parts that follow.

4.1. Interpretation of Results
According to the study's findings, every plant extract that was chosen had detectable antimicrobial

activity against the pathogenic microbes that were examined. Greater microbial load decrease and
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broader zones of inhibition indicated that Plant B was the most effective extract among the others.

The presence of bioactive phytochemicals, such as alkaloids, flavonoids, tannins, and terpenoids,

which are known to damage microbial cell membranes, obstruct vital metabolic pathways, and
interfere with enzyme function, is highly correlated with the reported antimicrobial activities.
These results lend credence to the idea that the phytochemical makeup of plant-derived
antimicrobial medicines is a critical factor in determining their efficacy.

4.2. Comparison with Existing Studies

The present findings are consistent with previous research demonstrating the antimicrobial
potential of [Plant A and Plant B]. The results of this study reinforce these established mechanisms
and provide additional in vivo evidence supporting the efficacy of plant extracts under
physiological conditions, complementing prior in vitro studies.

Table 8: Comparison of Antimicrobial Studies with Present Research

Gram-negative
bacteria

Author(s) & Objective Method Used Key Findings Superiority of Present Study
Year
Eloff, J. N. | Identify potential pitfalls in | Standard in vitro Highlighted | Present study uses controlled in
(2019)"? | determining  antimicrobial antimicrobial | common errors in | vivo animal model, providing
activity of plant extracts | assays, literature | methodology and | more physiologically relevant
review | reporting that may data
affect reliability of
results
Manandhar, | Evaluate in vitro | Agar well diffusion, Confirmed | Uses animal model to assess in
S., Luitel, S., | antimicrobial activity of | MIC determination antimicrobial | vivo efficacy, allowing
& Dahal, R. K. | selected medicinal plants activity of several | correlation with physiological
(2019)'3 | against human pathogenic plants against E. response
bacteria coli and S. aureus
Ginovyan, M., | Investigate antimicrobial | Agar diffusion Demonstrated | Present study evaluates multiple
Petrosyan, M., | activity of  Armenian | assay, MIC | inhibitory effects | plant extracts under controlled
& Trchounian, | traditional medicinal plants measurement | of specific plant | in  vivo  conditions  for
A.(2017)" extracts on comparative potency
bacterial growth
Hemeg, H. A., | Examine antimicrobial | Disk diffusion, | Certain  extracts | Current study integrates in vivo
Moussa, I. M., | effects of different herbal MIC, MBC assays | showed strong | antimicrobial assessment with
Ibrahim, S., et | plant  extracts  against antimicrobial | phytochemical correlation and
al. (2020)"% | multiple microbial activity ~ against statis
populations Gram-positive and

4.3. Implications of Findings

As per the findings, some of the extracts of medicinal plants can be incorporated as effective
supplements or alternatives to conventional antibiotics particularly in the face of the increased
prevalence of antibiotic resistance. The fact that they can be used to effectively reduce the
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microbial burden in an animal model implies that plant-based medicinal preparation can be
created.

4.4. Limitations of the Study

e The antimicrobial efficacy observed in animal models may not directly translate to human
clinical outcomes.

e Only a limited number of microbial strains were tested, which may not fully represent the
spectrum of pathogenic microorganisms.

o Dose optimization, long-term safety, and toxicity assessments were not evaluated in this
study, limiting the understanding of potential adverse effects.

4.5. Suggestions for Future Research

e Conduct in-depth mechanistic studies to elucidate the mode of action of bioactive
compounds responsible for antimicrobial activity.

e Expand the range of microbial strains tested, including multidrug-resistant bacteria, to
assess broad-spectrum efficacy.

o Investigate combination therapies with conventional antibiotics to evaluate potential
synergistic effects and reduce the risk of resistance development.

e Assess the pharmacokinetics, bioavailability, and long-term safety of the extracts in animal
models to inform potential clinical applications.

5. CONCLUSION

This work offers convincing proof that, in an in vivo animal model, several extracts from
medicinal plants have strong antibacterial action. Plant B showed the greatest efficiency among
the studied extracts, successfully lowering the microbial load and preventing the formation of
pathogens, underscoring its potential as a candidate for the creation of complementary or
alternative antimicrobial treatments. The findings reinforce the therapeutic value of medicinal
plants in treating microbial infections by confirming the theory that phytochemicals including
flavonoids, alkaloids, tannins, and terpenoids are essential in mediating these effects.

5.1. Significance of the Study

The results of the given study support the increased significance of plant-based antimicrobials as
an attractive alternative to the traditional antibiotics, particularly in the light of the increasing
prevalence of antimicrobial resistance. By validating the antimicrobial potential of these extracts
in an animal model, this study contributes to the preclinical evidence base necessary for future
drug development. Moreover, it highlights the relevance of integrating traditional knowledge of
medicinal plants with modern scientific approaches to identify novel, safe, and cost-effective
therapeutic agents.

5.2. Recommendations

International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: 3049-1630 | Vol. 02, Issue 09, Sep. -2025 | pp. 44-54 52

https://www.aktpublication.com/index.php/ijphdt




International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT))
ISSN: 3049-1630, Vol. 02, lssueNo. 09, 2025 (pp. 44-54)

Int. J. Pharmacogn. Herb. Drug Technol. Kriti.

According to the findings, one can offer the following recommendations:

e Isolation and Characterization of Active Compounds: Further research should aim to
isolate the bioactive compounds responsible for antimicrobial activity and determine their
chemical structures.

o Safety and Toxicity Evaluation: Comprehensive studies on acute and chronic toxicity,
pharmacokinetics, and bioavailability are essential to ensure the safe application of these
extracts in higher organisms.

e Synergistic Studies with Conventional Antibiotics: Exploring the potential synergistic
or additive effects of plant extracts with standard antimicrobial drugs could enhance
efficacy and help mitigate the emergence of drug resistance.

e Expanded Microbial Spectrum: Future studies should include a wider range of microbial
strains, including multidrug-resistant bacteria and clinically relevant fungal pathogens, to
fully assess therapeutic potential.

e Preclinical and Clinical Translation: Findings should inform further preclinical studies
and eventually guide the design of clinical trials to validate the therapeutic utility of these
medicinal plant extracts in humans.

In conclusion, this research strengthens the scientific rationale for the use of medicinal plants as
viable antimicrobial agents and provides a foundation for future studies aimed at developing plant-
derived therapeutics to combat infectious diseases effectively.
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