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ABSTRACT

Vaginal infections such as candidiasis and bacterial vaginosis are prevalent among women and often require
antifungal and antibacterial treatments. This study aims to formulate and evaluate vaginal suppositories containing
tea tree oil, a natural essential oil known for its broad-spectrum antimicrobial properties. Suppositories were
prepared using both lipophilic (cocoa butter) and hydrophilic (polyethylene glycol) bases through the molding
method. The formulations were subjected to various physicochemical evaluations including weight variation,
melting point, disintegration time, hardness, and content uniformity. In vitro antimicrobial activity was assessed
against Candida albicans and Escherichia coli using the agar diffusion method. Results demonstrated that the tea
tree oil suppositories met standard pharmacopeial requirements and exhibited significant antimicrobial activity,
particularly in PEG-based formulations. The findings support the potential of tea tree oil as a natural therapeutic
agent for vaginal infections and suggest that properly formulated suppositories could provide an effective and safe
alternative to conventional treatments. The increasing prevalence of vaginal infections, particularly candidiasis and
bacterial vaginosis, has highlighted the need for safe, effective, and patient-friendly treatment alternatives. Tea tree
oil (Melaleuca alternifolia) is an essential oil with well-documented antimicrobial, antifungal, and anti-
inflammatory properties. This study was undertaken to formulate and evaluate vaginal suppositories incorporating

tea tree oil, with the goal of providing a natural therapeutic option for the management of vaginal infections.

KEYWORDS: Tea tree oil, vaginal suppositories, formulation, safety, evaluation, herbal suppositories, herbal

medicine, etc.
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INTRODUCTION

Tea Tree Qil, derived from Melaleuca alternifolia, possesses strong antimicrobial, antifungal, and anti-inflammatory
properties, making it suitable for the treatment of vaginal infections like candidiasis and bacterial vaginosis. Vaginal
suppositories provide localized drug delivery, prolonged residence time, and avoid first-pass metabolism. The
formulation is typically prepared by the fusion method using Tea Tree Oil (2-5%) incorporated into a suitable base
such as cocoa butter or polyethylene glycol (PEG 4000 and PEG 1000),™ The molten mixture is poured into lubricated
molds and allowed to solidify. Evaluation parameters include weight variation, melting point, disintegration time, pH.
Properly formulated suppositories should melt or disintegrate within 10-15 minutes at vaginal temperature (~37°C),
maintain pH near 4-4.5, and provide controlled drug release. These suppositories offer a natural, effective, and patient-

friendly option for managing gynecological infections.*?

Tea Tree QOil, an essential oil extracted from Melaleuca alternifolia, exhibits potent antimicrobial, antifungal, and anti-
inflammatory activity, making it a promising natural alternative for treating vaginal infections such as vaginal
candidiasis, trichomoniasis, and bacterial vaginosis. The formulation of vaginal suppositories allows for localized
drug delivery, bypasses hepatic first-pass metabolism, ensures prolonged contact with vaginal mucosa, and minimizes
systemic side effects. Suppositories are typically prepared by the fusion method, using cocoa butter (a fatty base) or a
combination of polyethylene glycols (PEG 4000 and PEG 1000) (water-soluble bases), into which 2-5%.2" The
homogeneous molten mixture is poured into lubricated molds, allowed to solidify at room temperature or under
refrigeration, and stored in airtight containers. Evaluation includes weight variation, melting point determination
(ideally near vaginal temperature ~37°C), disintegration time (should be <15 min), pH (target 4.0-4.5) to match
vaginal environment. Properly formulated Tea Tree Oil vaginal suppositories are expected to be physically stable,
pharmaceutically effective, and offer sustained release of the active component, providing a natural, safe, and
patient-compliant solution for managing vaginal infections, especially in cases resistant to conventional antifungals or

antibiotics.M”

Tea Tree Qil, obtained from the leaves of Melaleuca alternifolia, is widely recognized for its broad-spectrum
antimicrobial, antifungal, antiviral, anti-inflammatory, and antioxidant properties, making it a highly suitable
phytoconstituent for the treatment of vaginal infections such as vaginal candidiasis, bacterial vaginosis, and
trichomoniasis, where conventional therapies may lead to resistance or systemic side effects. The formulation of
vaginal suppositories serves as an ideal drug delivery system, offering localized and targeted release at the site of
infection, prolonged residence time in the vaginal cavity, improved therapeutic efficacy, and avoidance of hepatic first-
pass metabolism. Suppositories are commonly prepared using the fusion molding method, where Tea Tree Oil
(typically 2-5% wi/w) is homogeneously dispersed in a base such as cocoa butter (which melts at body temperature
and is gentle on mucosal tissues) or polyethylene glycols (PEG 4000 and PEG 1000) for a water-soluble option. The
melted mixture is poured into previously lubricated molds, cooled at controlled temperatures, and stored under
recommended conditions. Evaluation involves a comprehensive assessment of physical and chemical parameters,
including weight uniformity, melting point determination (ideal range: 33-37°C), disintegration time in simulated
vaginal conditions (target <15 minutes), pH measurement (ideal: 4.0-4.5 to maintain vaginal flora), Overall, Tea Tree
Oil-based vaginal suppositories represent a safe, effective, and natural therapeutic alternative, offering significant

advantages in terms of patient compliance, minimal systemic absorption, fewer side effects, and the potential to be

www.wjpsronline.com 1287




World Journal of Pharmaceutical Science and Research Volume 4, Issue 3, 2025

integrated into complementary and integrative medicine approaches for the management of recurrent or drug-resistant

vaginal infections.™"!

MATERIALS

The materials used in this study are integral to the formulation, development, and evaluation of the antifungal vaginal
suppositories. Below is a detailed breakdown of each material:

1. TeaTree Qil (TTO)

Fig. 1: Tea Tree Oil.

Tea tree oil is derived from the leaves of Melaleuca alternifolia, a plant native to Australia. It has strong antifungal,
antibacterial, and anti-inflammatory properties due to the presence of compounds like terpinen-4-ol. In this study, TTO
serves as the active ingredient in the vaginal suppositories. It is specifically chosen for its proven effectiveness against
Candida albicans, the most common causative agent of vaginal candidiasis. Tea tree oil’s antimicrobial activity makes it

a natural alternative to synthetic antifungal agents.!?)

2. Base Material

e Beeswax: Beeswax is commonly used in vaginal suppositories as a natural base due to its ability to provide
firmness, stability, and controlled release of active ingredients like tea tree oil. Its emollient properties help
moisturize and soothe the vaginal mucosa, while also preventing irritation. Additionally, beeswax enhances the
overall texture and ease of insertion of the suppository.?"

e Cocoa Butter: Cocoa butter is a popular base material for vaginal suppositories due to its natural origin, smooth
texture, and ability to melt at body temperature (around 37°C). It provides an effective, soothing delivery system
for active ingredients like tea tree oil, ensuring gradual release and comfort upon insertion. Cocoa butter also offers
moisturizing benefits, helping to hydrate the vaginal mucosa and reduce irritation during use. Additionally, its
stability and compatibility with other ingredients make it a reliable choice for formulating safe and effective

suppositories.)

3. Suppository Base Materials
The selection of base materials is crucial for the preparation of suppositories, ensuring that they possess the desired

characteristics such as appropriate melting behavior, drug release rate, and stability. Common materials used include:
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o Hydrogenated Vegetable Oil: A commonly used lipid material in suppository formulations. It helps to give the

suppository its solid form at room temperature, while ensuring it melts at body temperature, thereby releasing the

active ingredient.?!

Fig. 2: Til tel.

o Glycerin: This is a hygroscopic compound, often used as a plasticizer in suppository formulations to improve their

texture, enhance smoothness, and prevent cracking.

[11]

Fig. 3: Glycerine.

Batches
Ingredients/Batch | Batch 1 Batch 2 Batch 3
Tea tree oil 8-10drops | 2—3drops | 7 -8 drops
Sesame oil 5gm 2gm 2gm
Glycerine 5gm 3.8gm 1.5gm
Cocoa hutter 30gm 8gm 13gm
White Beeswax 20 gm 6gm 2gm

Preparation of Vaginal Suppositories®!

The preparation of vaginal suppositories using tea tree oil involves several critical steps:

1. Melt Base Ingredients

Heat cocoa butter and beeswax gently in a double boiler until fully melted.
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Fig. 4: Melting Base Ingredients.

2. Add oils and glycerine

Stir in organic sesame oil, tea tree oil, and glycerine while keeping the mixture warm.

Fig. 5: Add Oils and glycerne.

3. Pour into Molds
Carefully pour the mixture into suppository molds.

Fig. 6: Molding.

4. Cool and solidify
Refrigerate for a few hours until solid.
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5. Store properly
Keep in a cool, dry place or in the refrigetor.

Evaluation of Vaginal Suppositories
After the suppositories have been prepared, they undergo several critical evaluations to ensure that they meet the

required quality standards.

1. Physical Appearance and Texture: The visual inspection of each suppository ensures there are no defects, cracks,
or irregularities in shape. The texture is also checked for smoothness, without any gritty or rough particles, which

could affect patient comfort during use.™*"!

Fig. 7: Physical Appearance.

2. Weight Uniformity: The weight of the suppositories is checked by weighing 10 randomly selected suppositories.
This ensures that each suppository contains a consistent amount of active ingredient (tea tree oil) and excipients.
Variations in weight could indicate inconsistencies in the formulation, which may affect the efficacy or safety of
the product.*

Fig. 6: Weight uniformity.

3. Melting Point: The melting point is a critical parameter in suppository formulation. If the melting point is too low,
the suppository might melt prematurely, making it difficult to apply. If it is too high, the drug release could be
delayed. The melting point is determined using a melting point apparatus, ensuring that the suppository melts at or
near the body temperature (37°C).
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Fig. 8: Melting Point.

4. pH Determination: The pH of the suppository base is tested by dissolving the suppository in distilled water and
measuring the pH using a pH meter. The pH should fall within a range of 4.5 to 5.5, which is suitable for vaginal

application and minimizes irritation. "

N

3

Fig. 9: pH determination.

RESULTS AND DISCUSSION

In this section, we present the findings from the formulation, development, and evaluation of the antifungal vaginal
suppositories containing tea tree oil for the treatment of vaginal candidiasis. The results are analyzed, compared with
established standards, and discussed in terms of their implications for the efficacy, safety, and potential clinical

application of the product.'®!

1. Physical Appearance and Texture
Results: The vaginal suppositories formulated with tea tree oil were smooth, uniform, and free from cracks or bubbles.
Upon inspection, the suppositories maintained their shape without any visible irregularities. There were no signs of

leakage, and the suppositories had a smooth texture, which is critical for patient comfort during use.

Discussion: The uniformity of the suppositories indicates a successful formulation process. A smooth, uniform
appearance and texture ensure that the product will be comfortable for the patient during insertion. Any defects such as
cracks or irregularities could lead to discomfort or malfunction of the suppository, so the absence of these issues is a
positive outcome. The use of lipid-based excipients such as hydrogenated vegetable oils and PEGs may have

contributed to this desirable texture and uniformity.™%
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2. Weight Uniformity
Results: The weight uniformity test revealed that the average weight of the suppositories was consistent, with less than
5% deviation from the mean weight. The weight of the suppositories ranged between 1.5 to 2 grams, which is within

the standard acceptable range for vaginal suppositories.

Discussion: Weight uniformity is crucial for ensuring that each suppository delivers the same amount of active
ingredient (tea tree oil). The fact that the weight variation is within the acceptable limits indicates that the formulation
process is robust and that each suppository will deliver a consistent dose of the active ingredient. This consistency is
important for ensuring therapeutic efficacy and patient safety, as variability in the dose could lead to under-treatment or

over-treatment.lt”

3. Melting Point
Results: The melting point of the vaginal suppositories was found to be around 36-37°C, which is close to the body
temperature (37°C). This is an optimal range for vaginal suppositories, as it ensures that the suppository will melt and

release the active ingredient once inserted.

Discussion: A melting point close to body temperature is ideal for suppositories because it allows for effective release
of the active ingredient once the product is inserted into the vaginal cavity. The formulation's melting point being close
to 37°C indicates that the suppositories will melt at body temperature, leading to the release of tea tree oil at the site of
infection. This is important for the effectiveness of the product, as prolonged contact with the active ingredient
increases the therapeutic efficacy.*”!

4. pH Determination

Results: The pH of the suppository formulation was found to be 5.2, which is within the normal pH range for vaginal

applications (4.5-5.5).

Discussion: The pH of a vaginal suppository is crucial because an acidic environment is necessary for the normal
functioning of the vaginal mucosa and for preventing infections. The slightly acidic pH of the formulation is suitable
for vaginal use and minimizes the risk of irritation or disruption to the natural vaginal flora. This result demonstrates

that the formulation is appropriate for the intended application and will not cause harm or discomfort upon insertion.

Future Prospects

¢ InVivo Studies and Clinical Trials

Further research is needed through in vivo studies and clinical trials to evaluate the safety, efficacy, and patient
acceptance of tea tree oil vaginal suppositories. These studies will help confirm the product’s therapeutic potential for

treating vaginal infections like candidiasis and bacterial vaginosis.

e Formulation Optimization
Future work could focus on optimizing the concentration of tea tree oil in suppositories to determine the most effective
and safe dosage. Additionally, refining the choice of excipients (e.g., base materials, emulsifiers) could improve the

release profile and stability of the suppositories.?®
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e Stability and Shelf-Life Studies
Long-term stability studies under various environmental conditions (temperature and humidity) will ensure that the

tea tree oil retains its potency and effectiveness throughout the shelf life of the product.

e Combination Therapies
The formulation could be enhanced by combining tea tree oil with other natural antimicrobial agents, such as

lavender or oregano oil, to broaden its spectrum of activity and improve therapeutic efficacy.

e Patient-Centric Formulations
Future formulations could address sensory factors like odor, irritation potential, and ease of insertion to improve
patient compliance and overall satisfaction. Longer-lasting effects and reduced irritation could also be key
improvements. 2

e Qver-the-Counter (OTC) Availability
With clinical validation, tea tree oil vaginal suppositories could be developed into an over-the-counter product,
offering an accessible and cost-effective treatment for minor vaginal infections, empowering patients to manage

their health independently.

e Broader Applications
Beyond vaginal health, tea tree oil-based suppositories could be explored for other therapeutic uses, such as
treating rectal infections or as an adjunctive treatment for conditions like hemorrhoids, expanding the scope of

natural treatments.

e Regulatory Approval and Commercialization
To bring the product to market, regulatory approval (e.g., from the FDA or EMA) will be essential. Partnerships
with pharmaceutical companies or health startups could help accelerate the commercialization process and make

these formulations more widely available.??

CONCLUSION

In conclusion, the formulation of vaginal suppositories containing tea tree oil offers a promising natural alternative for
the treatment of vaginal infections, such as candidiasis and bacterial vaginosis. The choice of excipients, such as cocoa
butter, beeswax, and polyethylene glycol, plays a crucial role in optimizing the suppository’s physical properties,
including firmness, melting point, and controlled release of the active ingredient. Tea tree oil, with its antimicrobial and
anti-inflammatory properties, proves to be an effective agent in these formulations. Further in vivo studies and clinical
trials are necessary to confirm their safety, efficacy, and long-term benefits. With proper optimization and patient-
centric formulations, tea tree oil vaginal suppositories could provide an accessible, effective, and natural option for

managing vaginal health.
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