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INTRODUCTION:

Medicinal plants have been used for centuries as a primary source of healthcare and continue to
play a significant role in modern medicine. The growing interest in natural products has led to
increased research on plant-derived compounds due to their therapeutic efficacy, safety,
accessibility, and lower incidence of adverse effects compared to synthetic drugs. In developing
countries, a substantial proportion of the population still relies on traditional herbal remedies for
the prevention and treatment of various diseases. Consequently, medicinal plants have become
an important reservoir of bioactive compounds for the discovery and development of novel

pharmaceutical agents.(1,2)

Among the numerous medicinal plants investigated, Melaleuca alternifolia, commonly known as
the tea tree, has attracted considerable scientific attention. Although the term “tea tree” is also

used for several species belonging to the genera Melaleuca and Leptospermum, M. alternifolia is
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the primary commercial source of tea tree oil (TTO). Native to Australia, this plant has been
traditionally used by Indigenous Australians for treating wounds, skin infections, and respiratory

ailments.(1)

Tea tree oil is an essential oil obtained by steam distillation of the leaves and terminal branches
of M. alternifolia. The oil consists of a complex mixture of over 100 components, predominantly
monoterpenes and related alcohols.(1-3) The major bioactive constituents include terpinen-4-ol,
y-terpinene, a-terpinene, 1,8-cineole, a-terpineol, and p-cymene. Among these, terpinen-4-ol is
considered the principal component responsible for most of the biological activities of tea tree all,

particularly its antimicrobial and anti-inflammatory effects.

Over the past few decades, tea tree oil has gained widespread recognition for its broad spectrum
of pharmacological properties. Numerous studies have demonstrated its potent antimicrobial
activity against a variety of bacteria, fungi, viruses, and protozoa. In addition, tea tree oil exhibits
significant antioxidant properties by scavenging free radicals and reducing oxidative stress, which
contributes to cellular protection and tissue repair. Emerging evidence also suggests its potential
anticancer activity through mechanisms involving induction of apoptosis, inhibition of tumor cell

proliferation, and modulation of inflammatory pathways.(4)

The increasing prevalence of antimicrobial resistance and the limitations associated with
conventional therapeutic agents have further highlighted the need for alternative and
complementary treatment strategies. (5)Natural products such as tea tree oil represent promising
candidates due to their multifaceted biological activities and relatively favorable safety profile.
Furthermore, the incorporation of tea tree oil into pharmaceutical, cosmetic, and oral healthcare

formulations has expanded its clinical relevance and commercial value.(6)

Given its diverse therapeutic applications and growing scientific evidence, Melaleuca alternifolia
continues to be an important subject of research. This review aims to provide a comprehensive
overview of the phytochemical composition, biological activities, mechanisms of action, and
potential therapeutic applications of tea tree oil, with particular emphasis on its antimicrobial,

antioxidant, and anticancer properties.

AIM: The aim of this study is to evaluate the antibacterial and haemolytic activity of melaleuca
alternifolia

MATERIALS AND METHODS:
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Antimicrobial Activity

The antimicrobial activity of Melaleuca alternifolia (tea tree) oil was evaluated against two bacterial
strains, Escherichia coli and Staphylococcus aureus, using the agar well diffusion method.
Mueller—Hinton Agar (MHA) was employed as the culture medium for determining the antibacterial

efficacy of the test samples.

The Mueller—Hinton Agar was prepared according to the manufacturer’s instructions and sterilized
by autoclaving at 121°C for 15 minutes. The sterilized medium was poured into sterile Petri plates
under aseptic conditions and allowed to solidify at room temperature. Fresh bacterial cultures of
E. coli and S. aureus were prepared and uniformly inoculated onto the surface of the agar plates

using sterile cotton swabs to obtain a confluent lawn culture.

Wells of approximately 9 mm diameter were aseptically punched into the agar using a sterile
polystyrene tip. Different concentrations of tea tree oil extract (25 uL, 50 pL, and 100 yL) were
carefully dispensed into the respective wells. The plates were then incubated at 37°C for 24 hours

under aerobic conditions.

Following incubation, the antimicrobial activity was assessed by measuring the diameter of the
clear zones of inhibition surrounding each well. The zones of inhibition were measured in
millimeters (mm) using a calibrated ruler or Vernier caliper. Larger inhibition zones were
considered indicative of greater antibacterial activity. All experiments were performed in triplicate,

and the mean values were recorded.

Haemolytic Activity

The haemolytic activity of the selected peptides was assessed using human red blood cells
(RBCs) to evaluate their cytotoxicity and biocompatibility. Fresh human blood was collected in
sterile tubes containing anticoagulant and centrifuged at 1,500 rpm for 10 minutes to separate the
erythrocytes. The packed red blood cells were washed three times with sterile phosphate-buffered

saline (PBS, pH 7.4) to remove plasma and other cellular components.

A 2% (v/v) suspension of washed erythrocytes was prepared in PBS. Serial dilutions of the
selected peptides were prepared in sterile PBS and mixed with equal volumes of the erythrocyte

suspension. The mixtures were incubated at 37°C for 1 hour under gentle shaking conditions.
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Following incubation, the samples were centrifuged at 3,000 rpm for 10 minutes to pellet intact
erythrocytes. The supernatants were carefully collected, and the release of hemoglobin was
quantified spectrophotometrically by measuring the absorbance at 540 nm. PBS-treated
erythrocytes served as the negative control (0% haemolysis), while erythrocytes treated with 1%

Triton X-100 served as the positive control (100% haemolysis).
The percentage of haemolysis was calculated using the following equation:

% Haemolysis = [(Absorbance of sample — Absorbance of negative control) / (Absorbance of

positive control — Absorbance of negative control)] x 100

All experiments were conducted in triplicate, and the results were expressed as mean + standard
deviation. The haemolytic assay was performed to assess the safety profile of the selected

peptides and determine their suitability for potential biomedical applications.

RESULTS:
ANTIMICROBIAL ACTIVITY:

FIGURE :1
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Zone of Inhibition

Control A B C
Escherichia coli 20mm 23mm 24mm 26mm
Streptococcus mutans 20mm 22mm 23mm 25mm

The results demonstrated that the tea tree oil extract exhibited antibacterial activity against both
tested microorganisms. An increase in the concentration of the extract resulted in a corresponding

increase in the zone of inhibition, indicating a dose-dependent antimicrobial effect.

For Escherichia coli, the control group showed a zone of inhibition of 20 mm, while concentrations
A, B, and C produced inhibition zones of 23 mm, 24 mm, and 26 mm, respectively. The highest
concentration (100 pL) exhibited the greatest antibacterial activity, producing a 6 mm increase in

inhibition compared to the control.

Similarly, against Streptococcus mutans, the extract produced zones of inhibition of 22 mm, 23
mm, and 25 mm at concentrations of 25 L, 50 pL, and 100 uL, respectively, compared with 20
mm in the control group. The maximum inhibition was observed at 100 uL, indicating enhanced

antibacterial efficacy at higher concentrations.

Overall, Escherichia coli appeared slightly more susceptible to the tea tree oil extract than
Streptococcus mutans, as evidenced by the larger inhibition zones at all tested concentrations.
These findings suggest that Melaleuca alternifolia possesses significant antibacterial properties
and may serve as a potential natural antimicrobial agent against both Gram-negative and Gram-
positive oral pathogens. The concentration-dependent increase in antimicrobial activity further

supports its therapeutic potential in oral healthcare and infection control applications.

Figure:2
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Escherichia coli Streptococcus mutans

Figure:2 Agar well diffusion assay showing the antibacterial activity of Melaleuca alternifolia
extract against Escherichia coli (left) and Streptococcus mutans (right). Wells A, B, and C
represent increasing concentrations of the extract (25 pL, 50 yL, and 100 pL, respectively). The
clear zones surrounding the wells indicate inhibition of bacterial growth, with the largest zones

observed at the highest concentration tested.

HEMOLYTIC ACTIVITY :
Figure:3
Haemolytic activity
Sample conce RBC cell lysis St.Er
25 0 0
50 8 1.1
75 14.2 12
100 18.2 1.6

Figure:3 Haemolytic activity of Melaleuca alternifolia extract at different concentrations. The
percentage of red blood cell (RBC) lysis increased with increasing extract concentration, showing
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a dose-dependent haemolytic effect. No haemolysis was observed at 25 L, while the maximum
haemolysis (18.2%) was recorded at 100 pyL. The low level of haemolysis indicates good
biocompatibility and suggests that the extract is relatively safe for biomedical applications at the

tested concentrations.

The haemolytic activity assay was performed to evaluate the cytotoxic effect of Melaleuca
alternifolia extract on human red blood cells (RBCs). The percentage of RBC lysis increased
progressively with increasing concentrations of the extract, indicating a concentration-dependent

haemolytic effect.

Figure:4

Hemolysis (%)

A .

2% &2 TE

Sample concentration (pg/mi)

Figure 4: Haemolytic activity of Melaleuca alternifolia extract at varying concentrations.
The percentage of red blood cell lysis increased progressively from 0% at 25 ug/mL to 18.2% at
100 pg/mL, demonstrating a concentration-dependent haemolytic effect. Error bars represent
standard error values. The relatively low haemolysis observed at all tested concentrations
indicates good biocompatibility of the extract.

DISCUSSION:
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The present study evaluated the antimicrobial and haemolytic activities of Melaleuca alternifolia
(tea tree oil) at different concentrations. The findings demonstrated that both antibacterial efficacy

and haemolytic activity increased in a concentration-dependent manner.(5,7)

The antimicrobial assay revealed that increasing the concentration of tea tree oil resulted in a
corresponding increase in the zone of inhibition against both Escherichia coli and Streptococcus
mutans. The highest concentration tested (100 uL) produced the largest zones of inhibition,
indicating enhanced antibacterial activity at elevated concentrations. These results suggest that
the bioactive constituents present in tea tree oil exert stronger inhibitory effects on bacterial
growth when present in greater amounts.Among the tested microorganisms, Escherichia coli
exhibited slightly greater susceptibility to the extract than Streptococcus mutans, as evidenced by
the larger zones of inhibition at all tested concentrations(8). This finding indicates that tea tree oil
possesses effective antibacterial activity against diverse bacterial species and supports its

potential application in both medical and oral healthcare settings.(9)

The haemolytic assay demonstrated that red blood cell lysis increased progressively with
increasing concentrations of the sample. No haemolysis was observed at the lowest concentration
(25 pL), whereas the highest concentration (100 pL) produced a haemolytic activity of 18.2%.
This concentration-dependent increase suggests that higher concentrations of tea tree oil have a
greater ability to interact with and disrupt erythrocyte membranes. Essential oil constituents are
known to interact with lipid bilayers, and at elevated concentrations, these interactions may alter

membrane stability, leading to increased haemolysis.(10)

Despite the increase in haemolytic activity, the maximum haemolysis observed remained below
20%, indicating relatively low cytotoxicity toward human red blood cells. The low haemolytic effect
at therapeutically relevant concentrations suggests a favorable safety profile and good
biocompatibility of the extract. These findings are particularly important because an ideal
antimicrobial agent should exhibit potent activity against microorganisms while causing minimal

damage to host cells(11).

Overall, the present study demonstrates that Melaleuca alternifolia possesses significant
antibacterial activity against Escherichia coli and Streptococcus mutans, with efficacy increasing
as the concentration increases(10,12). Although haemolytic activity also increased in a dose-
dependent manner, the observed levels remained relatively low, indicating acceptable biological

safety. The combination of strong antimicrobial activity and limited cytotoxicity highlights the
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potential of tea tree oil as a natural therapeutic agent for pharmaceutical, biomedical, and oral
healthcare applications. Further studies involving additional microbial strains, toxicity

assessments, and clinical investigations are warranted to fully establish its therapeutic potential.
CONCLUSION:

The present study demonstrated that Melaleuca alternifolia (tea tree oil) possesses significant
antibacterial activity against Escherichia coli and Streptococcus mutans, with antimicrobial
efficacy increasing in a concentration-dependent manner. The highest concentration tested
exhibited the greatest zone of inhibition, highlighting the strong antibacterial potential of tea tree
oil against both Gram-negative and Gram-positive bacteria. In addition, the haemolytic assay
revealed a gradual increase in red blood cell lysis with increasing concentrations; however, the
overall haemolytic activity remained relatively low, indicating acceptable biocompatibility and

limited cytotoxicity.

The findings suggest that tea tree oil is a promising natural antimicrobial agent with potential
applications in pharmaceutical, biomedical, and oral healthcare formulations. Its ability to
effectively inhibit bacterial growth while maintaining relatively low toxicity toward human cells

supports its suitability for further therapeutic development.

In conclusion, Melaleuca alternifolia represents a valuable source of bioactive compounds with
considerable antimicrobial potential. Continued research and technological advancements are
expected to facilitate the development of innovative tea tree oil-based products for the prevention
and treatment of microbial infections, thereby contributing to the growing demand for safe,

effective, and naturally derived therapeutic agents.
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