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Abstract 

 

The purpose of this study was to develop topical phytotherapeutic gels containing essential oils alone or in combination 

with copper ions and to assess their antibacterial activity in vitro. Following the formulation of the gels, the organoleptic 

properties, physicochemical properties, and in vitro antibacterial activity against Escherichia coli and Staphylococcus 

aureus were evaluated. Copper sulfate demonstrated strong synergistic antibacterial activity when combined with the 

selected essential oil blend. This preliminary study assessed and confirmed the synergistic antimicrobial properties of 

sulfate copper and essential oils in phytotherapeutic formulations with topical applications. 

 

Key words: phytotherapeutic gel; essential oils; metal ions; copper sulfate 

 

 

Introduction  

Due to the rising concerns regarding 

multidrug-resistant pathogens, the need for novel 

therapeutics has grown considerably, the emphasis 

being now placed on the development of innovative 

and effective alternatives to conventional 

antimicrobials. From ancient times the people have 

used it extensively natural herbal products as 

medicines against various diseases. According to a 

study conducted by Mohanty et al., 2019, almost 

25% of the main pharmaceutical products and their 

derivatives available today are obtained from 

natural resources, therefore phytotherapy can be a 

good starting point for the development of products 

with antimicrobial activity (Bhinge et al., 2017; 

Morteza-Semnani et al., 2021). More recent 

research has shown that the effectiveness of 

phytotherapy and essential oils could be greatly 

improved, even against antibiotic-resistant 

pathogens, by its association with metal ions (Low 

et al., 2017; Prasad et al., 2021). The most 

frequently investigated metal ions as possible 

antibacterial agents are silver, copper, zinc, and iron 

(Holloway et al., 2012; Morrill et al., 2013) have 

been investigated in recent years. The antimicrobial 

properties of copper are widely recognized and it 

has been used successfully as biocide and 

antifungal. Cooper may bind to protein molecules 

leading to DNA denaturation and inactivation of 

bacterial enzymes. 
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In spite of their great potential in the 

development of novel antimicrobial agents, the 

incorporation of metal ions in topic formulations 

may be challenging because even in small 

concentrations, the oxidation processes in fatty 

molecules may be enhanced, causing visible 

degradation of the product (color, texture and odor 

modifications). Thereby, the quality, effectiveness, 

consumer appeal, and shelf-life of formulations may 

be affected by metal ion interactions with the 

components. The purpose of this study was to 

develop topical phytotherapeutic gels containing 

essential oils alone or in combination with copper 

ions and to assess their antibacterial activity in vitro. 

 

MATERIAL AND METHOD 

 
The polymer used to make the gels, xanthan 

gum, was dispersed in the aqueous plant extract (at 

75°C), cinnamon or oregano under stirring. When 

the polymer was dissolved, the mixture was 

removed from the heat source. The essential oils 

(oregano, cinnamon, clove, eucalypt, thyme, 

lavender) were added slowly to the gel basis, with 

continuous stirring, to ensure proper encapsulation. 

The final weight of the gel was adjusted to 50 g with 

distilled water. For all formulations, certain 

characteristics were assessed by visual observation, 

such as physical appearance, color, texture, phase 

separation, and homogeneity. Homogeneity and 
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