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Abstract 
 

Skin and soft tissue infections (SSTIs) often refer to acute conditions of inflammatory 

microbial occupation of the skin layers and underlying soft tissues. As one of the most frequent 

types of infections, SSTIs typically require medical intervention contributing to morbidity and 

mortality in both hospitalized patients and those in primary care. The present study aimed to 

formulate and characterize nanoemulsion as a carrier system to deliver triclosan and 

chlorhexidine digluconate (CHG) for the purpose of prevention and treatment of SSTIs, by 

targeting the layers within the skin. Four nanoemulsion formulations were developed 

successfully using an ultrasonication method. They were stable with a droplet size less than 

115 nm along with polydispersity index from 0.15 to 0.41, the pH values in lightly acidic range 

(4.60-6.80) and the absolute zeta potential values higher than 20 mV. The degree of drug 

encapsulations ranged from around 77-85%. The result from in vitro permeation experiment 

exhibited that nanoemulsions made using eucalyptus oil transferred between 2.1 and 6.6 times 

greater amounts of triclosan through full thickness porcine skin than those formulated using 

olive oil or triclosan solution. They also lead to more drug being retained within the skin after 

24 hours. These findings demonstrated that this nanoemulsion is a promising candidate for 

topical dermal delivery of a water-insoluble antiseptic agent to the skin. In contrast, although 

the skin permeation from CHG loaded nanoemulsions was lower than 2% CHG solution, 

eucalyptus oil nanoemulsion was more effective to withhold CHG in skin than olive oil 

nanoemulsion and solution, which may be advantageous for localized effect. Further 

investigations should be conducted to confirm the role of nanoemulsions in delivery of water-

soluble antiseptics.    
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CHAPTER 1 
 GENERAL INTRODUCTION AND LITERATURE REVIEW 
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1. General introduction and literature review 

1.1.  Physiological and Function of Skin 

Skin is a large, continuous and specialized organ, responsible for about 15% of the adult body 

weight [1-3]. Human skin has two appearances, which are glabrous skin on the soles, the glans 

penis, and the palms and hairy skin on the remaining areas of the body [4]. According to 

Mosteller, the human skin surface is around 2 m2 in area [5]; however, due to the enormous 

number of skin appendages (approximately 5 million) like sweat ducts and hair follicles, human 

skin may offer an epithelial surface of larger than 30 m2 for potential colonization with 

microorganisms [6]. Human skin thickness varies from less than 0.1 mm to more than 1 mm, 

and also differs considerably, depending on anatomical body regions, ethnic origin, age, and 

gender [7-9]. The normal cutaneous pH is found to be from 4 to 6.8 [9], this acidic pH range 

along with hydration and minerals provide an ideal environment for the growth of resident 

microorganisms, contributing to the formation of a physical, chemical and microbiological 

barrier [10,11]. Human skin has four major physiological functions, including sensation, 

thermoregulation, protection, and metabolism [12]. Each function corresponds to specific 

structures and properties of distinct skin areas [9,13].   

1.2.  Structure of skin 

The epidermis, the dermis and the subcutaneous tissue make up the three main layers of skin 

[14].  

(i) The epidermis is the outermost layer and is composed of four different layers, including 

the basal layer, spinous layer, granular layer and cornified layer, in the order from inner to outer 

[14]. The basal layer (stratum basale) contains small cuboidal cells that divide continually and 

migrate upward to repopulate the cells lost from the skin’s surface [2]. Just above the basal 
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layer is the spinous layer (stratum spinosum), so-called due to the high density of desmosomes 

(intercellular connections) and keratin filaments (tonofilaments) surrounding each cell, bring 

the cells a “spiny” shape. The next layer is the granular layer in which keratohyalin granules 

are formed and then bind to the tonofilaments to form abundant electron-dense masses within 

cytoplasm that bring this layer its “granular” characteristic [14]. The cornified layer (stratum 

corneum) is the superficial, non-nucleated barrier where the organelles and nucleus of 

keratinocytes are removed. The keratin filaments and keratohyalin granules combine to create 

an amorphous mass within the keratinocytes prior to becoming the lengthy and level cells of 

the horny layer [2,14].  

There are four cell types observed in the epidermis area [15], in which, keratinocytes account 

for the majority of the epidermal cells [15]. These cells derive from the stratum basale layer, 

undergo three stages of a keratinization process - germinative, differentiation, and protective - 

before formulating the keratin layer [9]. Keratinocytes are sloughed off constantly and 

undetectably from the skin’s surface every 24 hours [9]. This progress continues through life 

and it takes approximately 30-50 days for the epidermal turnover time of normal physiological 

skin from basal cells to exfoliation, depending on different sites [2]. The epidermis also contains 

a smaller number of melanocytes, Merkel cells and Langerhans cells [2]. Melanocytes are 

dendritic cells [9] responsible for the synthesis of the pigment melanin and play an important 

role in absorbing harmful solar ultraviolet radiation [15]. Melanin pigment ranges in colours 

from yellow, red to brown, black and are the key factors in determining the skin and hair colour 

[9]. Long-term light exposure increases the number of melanocytes surrounding the 

keratinocytes, this is the reason for the variation in the melanocyte numbers in different body 

regions, though the entire amount is equivalent among all individuals [15]. Ultraviolet light and 

hormones are considered as the elements affecting skin pigmentation process [9]. Langerhans 

cells originate in bone marrow and are mostly distributed in the spinous layer of the epidermis 
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[9,15]. These dendritic cells act as antigen representing cells and are very important in 

immunologic reactions by reactivating the lymphocytes [9]. Normally, there is only a small 

number produced in the skin but this amount increases in several inflammatory conditions, for 

example, allergic contact dermatitis [2]. The remaining specialized cell in the epidermis are the 

Merkel cells whose usual functions are not fully understood but are considered to take part in 

touch sensation due to the large concentration found in the basement membrane zone and 

connect with nerve endings [15].  

(ii) The dermis lies directly underneath the epidermis, provides support and nourishment to 

the epidermis as well as taking part in the wound healing process and re-modelling [9]. The thin 

outward zone called the papillary dermis contains fine elastic fibres and collagen, capillaries 

and anchoring fibrils which help to adhere the epidermis to the dermis [2]. The bulk of the 

dermis is assembled by the reticular dermis which composed of type III collagen and a thinner 

matrix of elastic fibres [2,15]. Whilst the collagen fibres contribute to skin solidity, the elastic 

fibres confer elasticity to the skin [9]. Dermal proteoglycans (primarily hyaluronic acid) 

surround collagen and elastic fibres and have the primary contribution in impeding water 

evaporation [14]. Others constituents present within the dermis are lymphocytes, macrophages, 

mast cells and fibroblasts; fibroblasts are mainly responsible for producing collagen, elastin, 

and proteoglycans [2,14]. Additionally, blood vessels, lymphatic vessels, sensory nerve endings, 

pressure receptors, sweat glands, sebaceous glands and hair follicles also lie across the dermis 

[2]. The bundles of collagen in the form of ridges radiate horizontally around the body and are 

named cleavage lines. They are unique features of each individual, and can be used in genetical 

identification [16].   

(iii)    The subcutaneous tissue (also called the hypodermis) is the deepest layer of the skin 

which mainly consists of fat, connective tissues and capillaries [16]. The essential functions of 



17  

this area are insulating from extreme heat and cold and performing as a mechanical shock 

absorber. There is a regional difference in the thickness of the hypodermis layer and is 

completely absent from the penis, nipples, eyelids, areolae and scrotum, and the skin around 

the tibias. The distribution of subcutaneous tissue is influenced by secondary sex 

characteristics, genetics, age as well as caloric amount intake [9]. 

(iv) The skin appendages comprise glands, hair and nails [9]. There are three sorts of gland: 

eccrine sweat glands, apocrine sweat glands and sebaceous glands [9]. Eccrine glands are 

located in a widespread pattern across the skin surface with the highest density on the axillae, 

the soles of the feet, palms and the forehead [2]. The eccrine sweat gland is a part of the body 

temperature control system, achieved through secreting sweat which gives an evaporative 

cooling effect for the skin [2,9]. Sweat is conveyed in a spiral duct that is located upwards 

through the dermis and epidermis to the surface [2]. Apocrine glands principally exist in the 

anogenital areas, mammary areolae, axillae, and external auditory canal [2,9]. The apocrine 

duct empties into the superficial layer which is above the sebaceous glands. The substance 

released from the apocrine gland is a viscous material that contributes to body scent [9]. The 

sebaceous gland is a holocrine gland and they are distributed across all areas of the skin’s 

surface but predominantly on the scalp, face, upper torso and genitalia but in contrast to eccrine 

glands, they are absent from the palms and soles [9]. Their function is producing sebum – a 

lipid-based combination of wax esters, squalene, cholesterol esters and triglycerides [14]- which 

makes up a moist, oily acidic film that has antibacterial and antifungal properties as well as 

waterproofing properties and protecting the hair shaft and the epidermis [2,3]. Hair is a 

structure of the epidermis derived from keratin, present in all anatomical sites of the body, apart 

from the palms, soles and muco-cutaneous junctions [9]. The hair follicle is a tubular epithelial 

structure [2] and is the result of the downward growth of the epidermal cells invaginating into 

the dermis [9]. The deepest part of the hair follicle is the germinative hair bulb which situated 
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in the dermis or subcutaneous fat layer [2]. The hair shaft, which begins from the hair bulb, is 

a complex multi-layered structure with an outer cuticle- cortex and an inner medulla [15]. 

Melanocytes in the hair bulb contribute to hair colour determination [2]. Nails are made from 

a specialized type of keratin and are sited at the ends of the distal surface of fingers and toes. 

The typical functions of nails are to protect the digit endings and serve as a grasping tool [9]. 

The nail is shaped by the hard plate (nail plate) which is surrounded on three sides by the cuticle 

(or nail fold). The nail matrix lies below the proximal nail fold and is the site of the nail plate 

growth. The crescent-shaped, white zone at the end of the proximal nail fold is called the lunula 

which implies the mitosis position [15].  

1.3.  Penetration of drug molecule into the skin 

Intrinsically, skin penetration is a diffusional process that obeys a passive transport mechanism. 

It is influenced by solubility of the active substance, the partitioning of drugs in the carriers 

and in the skin and the diffusive ability of actives in the skin [17,18]. The fundamental barrier 

with regard to the physical skin structure that restricts the percutaneous absorption of 

substances is the stratum corneum (SC), which is the most outward 10-20 µm layer of the 

epidermis [19]. Owing to the specific structure and composition of corneocytes and intercellular 

bilayer lipids that make up the “Brick-and-Mortar” structure, the stratum corneum offers a 

protection against the pervasion of external chemical and biological toxicants as well as 

preventing transdermal dehydration [20,21]. As active molecules come into expose with the skin 

surface, they can diffuse through three different pathways, i.e., (1) the appendageal or shunt 

route through sebaceous glands, sweat glands and/or hair follicles, (2) the intercellular route 

across lipid organizations between the corneocytes, and (3) the intracellular route passing the 

corneocytes (Figure 1.1) [19,22].  

Most permeants are able to move through the SC by both the intracellular and intercellular 



19  

pathways, although hydrophilic substances tend to follow the former pathway and lipophilic 

compounds the latter route. The predominant permeation route for the majority of actives is 

through the intercellular lipid spaces [23,24]. Physicochemical characteristics of any xenobiotic 

are the critical factors that govern their diffusion into the skin, are molecular weight, polarity, 

and hydrophobicity [25]. It is generally accepted that only a small number of drugs with specific 

physicochemical features can adequately transfer through the skin, such as low molecular 

weight, adequate solubility in water and oil or high lipophilicity [24,26]. For large polar 

molecules and ions that are difficult to diffuse across the SC, the shunt route through hair 

follicles is the major pathway [27,28]. Yet, the appendages only made up approximately 0.1% 

of the entire skin volume so that their contribution to the drug penetration progress is often 

considered trivial [29].  

Penetration enhancers, which are chemical substances with the ability to change the skin 

properties, are used to promote active permeation. They can act by the following mechanisms: 

(1) disrupting the intercellular lipid matrix; (2) increasing the skin moisturization; (3) 

improving the solubility and partitioning of drugs in the SC; and (4) interacting with keratin 

filaments that leads to disruption of corneocyte organization [30]. For instances, terpenes 

(cineole, menthol, eugenol, etc) are well-known penetration enhancer as they can influence the 

non-polar penetration pathway by interact with intercellular lipid. They may also increase 

partition coefficient, lipid extraction and actives solubility [31].   

In addition to the chemical approach, electrical methods that apply external energy can enhance 

penetration of a topical therapeutic agent, for instance, electroporation, iontophoresis, 

ultrasound or laser radiation and photomechanical waves [22,32]. Other mechanical methods as 

tape stripping or dermal scraping can thin the cutaneous upper layers thus enabling penetration, 

whilst massages typically soften the skin barricade and can facilitate the appendageal transport 
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[33].  

 

Figure 1.1 Structure of skin and penetration pathways, adapted from [22].  

1.4.  Skin microbiota 

The community of microorganisms (bacteria, yeasts, and viruses) found on the human skin is 

diverse on account of number, types as well as colonizing sites on the body. Such variety arises 

from differences between the structure and constituents of the skin, which are its thickness, pH, 

temperature, hydration, and distribution of secretory glands and hair follicles [34]. The 

estimated number of microorganisms on the skin is 3.8×1013; this figure is much greater than 

the number of human cells [35]. The skin microbiome has traditionally been divided into two 

main genres, namely resident and transient floras. Skin resident flora (also called “microflora”) 

include miscellaneous species of Corynebacterium, Propionibacterium, Staphylococcus and 

Micrococcus and its colonization varies with anatomical areas. Drier skin regions tend to have 

higher levels of gram-positive cocci, including S. epidermidis and Micrococcus species, while 

moister regions present more gram-positive rods, like Corynebacterium and 

Propionibacterium species [34,36]. Transient flora (or ‘contaminant flora’), which establish 
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colonies in the outermost skin layers, mainly consist of Staphylococcus aureus, and some 

Gram-negative bacteria of the Enterobacteriaceae and Pseudomonaceae groups [37].  

Skin microflora communities play a crucial role in reinforcing the cutaneous defence of the 

host against harmful microorganisms through a range of different mechanisms. Particularly, 

they potentially inhibit the flourishing of cutaneous pathogens by excreting antibacterial 

substances. S. epidermidis, for instance, produces a serine protease (called Esp) which can 

interfere with biofilm formation of S. aureus, and phenol-soluble modulins which are able to 

disrupt lipid membranes of some microorganisms such as S. aureus and Group A 

Streptococcus. Furthermore, several studies indicated that S. epidermidis bolsters the 

expression of antimicrobial peptides in keratinocytes such as β-defensins 2,3 via impacting on 

Toll-like receptor 2 (TLR-2), contributing to the prohibition of S. aureus-induced infections. 

Activating TLR-2 by lipoteichoic acid (LTA, a TLR-2 ligand) from S. epidermidis also can 

increase the number of both mast cells being gathered in the site of viral colony and 

antimicrobial peptides (AMPs) released from these mast cells [38,39]. Furthermore, 

staphylococcal LTAs mediated via TLR-2 on keratinocytes indirectly inhibit the release of 

TLR3-dependent inflammatory cytokines, thus limiting inflammatory responses subsequent to 

skin injury [40].  

It can be generally accepted that the breakdown of the balance of microbial community on 

human skin brings opportunity for the overgrowth of pathogenic microorganisms, as a result 

causing a variety of skin diseases [39], such as seborrheic dermatitis typically emerging on oily 

areas like the scalp, nose, upper back where is dominantly cultured by Malassezia spp.; atopic 

dermatitis (AD) mostly caused by S. aureus or teenage acne that mainly correlates with 

Propionibacterium acnes [38].  
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Figure 1.2 The distribution of human skin microbial communities, adapted from [36].  

 

1.5. Skin and soft tissue infections 

Skin and soft tissue infections (SSTIs) often refer to acute conditions of inflammatory 

microbial occupation of the skin layers and underlying soft tissues [37,41]. The consequences 

have implications on healthcare not only in developing countries with poor sanitary conditions 

but also in developed ones with higher hygiene standards [42]. As one of the most frequent 

types of infections, SSTIs typically require medical intervention contributing to morbidity and 

mortality in both hospitalized patients and those in primary care [37]. The estimated percentage 

of 7-10% of entire hospital administrations in 2005 in North America was made up by skin and 

soft tissue infections [43]. A national investigation conducted in the United States between 1997 

and 2005 indicated that there was an elevation of 65% of SSTIs patients admitted indifferent 

hospital departments, from 32.1 visits per 1000 population in 1997 to 48.1 visits per 1000 



23  

population in 2005 [44]. Likewise, Lee and co-workers surveyed SSTIs tendency in the US 

from 2000 to 2012 and they recovered that the total prevalence of SSTIs rose from 2.4 million 

to 3.3 million (nearly 40%) during this period [45]. In 2013, nearly a third of the American 

population asked for medical advice related to skin conditions [46]. The incidence of SSTIs has 

increased, possibly as a result of an ageing population, the escalation of multidrug-resistant 

strains and the increasing numbers of immunocompromised patients related to 

immunosuppressive therapy, cancer, transplant interventions or HIV⁄AIDS [37,47]. Global 

Health Metrics published findings in 2017 regarding the prevalence, incidence, and years lived 

with disability covering 354 diseases in 195 countries; accordingly, there were nearly 4.2 

billion new cases of skin and subcutaneous diseases worldwide. Around 50% of those were 

fungal skin diseases (with more than 2.1 billion), whereas the incident cases linked with 

bacterial and viral pathogens were 0.27 and 0.12 billion, respectively [48].  

Pathophysiology of SSTIs is related to an interruption of the balance of between the immune 

barrier of the host and the pathogenicity of microbial population colonizing human skin [37]. 

Cellulitis, as an example, is caused by pathogens disrupting skin integrity, and is more 

prevalent in patients with comorbidities [49]. Disruption of the protective cutaneous layers can 

be caused by numerous chemical and physical impacts such as ulceration, trauma, bites or 

surgical wounds, thermal injury or previous inflammation [37,49]. Both the patient and the 

environment are key factors contributing to the risk of developing an SSTI. Patients with 

advancing age or with long-term conditions such as critical illness, obesity, cardiovascular 

diseases, chronic kidney disease failure will be at higher risk of skin breakdown. Patients with 

spinal cord injury and paralysis that result in the alteration of skin perfusion and temperature 

control also should be considered higher risk. The external factors which are likely to impair 

the skin barrier function can be scratching, pressure, shear and friction, UV exposure or 

radiation contact in cancer patients [37,50]. Additionally, biofilm formation, which is modality 
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for microbe to survive and adapt to unfavourable conditions, has become a severe problem in 

the healthcare fields as it was responsible for 65% of nosocomial infections. The biofilm is 

produced by attaching cell to a surface, multiplying, maturating, then creating an extracellular 

polymeric matrix which resists environmental impacts such as mechanical forces and 

antibiotics. This structure is detachable, making opportunities for microorganisms to transmit 

into new sites and spread infections. The biofilms of poly-microbial were observed in medical 

devices such as intravenous and urinary catheters, stents, implants, ventilator tubes, or heart 

valves, contributing to the accumulating antimicrobial resistance [51].  

In children, bacterial skin infections are more prevalent than fungal, parasitic and viral 

infections [52]. The major causative pathogens associated with skin and soft tissue infections 

are Gram-positive microorganisms, typically Staphylococcus aureus (including methicillin-

resistant S. aureus/MRSA strains) and beta-hemolytic streptococci [41]. The most frequent 

Gram-negative strain isolated was Klebsiella sp. [53]. S. aureus was responsible for more than 

40% of total SSTIs cases in 2003, and was a frequent cause of cellulitis, abscesses and wound 

infections [37]. The incidence of S. aureus-related skin and soft tissue infections increased two-

fold from 2001 to 2009 [54]. However, in the next 5 years, it was reported that the proportion 

of hospital administrations caused by MRSA-related skin and soft tissue infections (SSTIs) 

declined by 29% [55].  

Patients with dermatologic conditions often withstand intensive physiological, psychological 

as well as financial issues; not only that, many cutaneous concerns can lead to systemic diseases 

[56]. Moreover, comorbidity factors, such as diabetes, immune-compromisation, obesity, liver 

and kidney failure, and cardiovascular diseases, have repercussions on treatment costs and 

prolong the length of stay in hospital [57]. Suaya et al. determined the cost of SSTI 

hospitalizations in relation to S. aureus in 2009 was $4.50 billion which was 34% higher than 

in 2001 [54]. According to the Global Burden of Disease Study, 15 different dermatologic 
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concerns account for 1.79% of the total global burden of disease in 2013. This was calculated 

through disability-adjusted life years index, of which cellulitis, viral skin diseases and fungal 

skin diseases accounted for 0.04%, 0.16% and 0.15% respectively. Skin and subcutaneous 

conditions, next to iron deficiency anaemia, tuberculosis, and sensory organ diseases were the 

leading reasons inducing disability in the world [48,56].  

The management of SSTIs often depends on the relative severity. Uncomplicated SSTIs located 

in superficial layers typically can be controlled with a topical antimicrobial agent, heat packs 

or minor incision and wound exudate draining, while more complicated cases with involvement 

of deeper layers with high-risk factors often require systemic antibiotic therapy and hospital 

administration [37]. With regards to the emergence of resistant bacteria and antimicrobial 

stewardship, there is an overall drive to reduce any unnecessary and inappropriate use of 

antibiotics. Owing to the broad-spectrum of antimicrobial activity alongside with the varying 

inhibitory mechanisms, topical antiseptics are advocated as a potential alternative to topical 

antibiotics in the treatment of minor skin infections [58-60]. Although the safety and clinical 

effectiveness of many antiseptic agents have been insufficient so far [61], they bring potential 

benefits in the prevention of infections in wounds [58] and are still commonly recommended 

during pre- and per-operative processes which are documented in many global practical 

guidelines [62].  Also, a wide range of antiseptics are used mainly as simple dosage forms like 

solutions and semisolid, but there have been numerous studies to implement formulation 

strategies in order to potentially influence therapeutic efficacy in recent years [63].  

1.6.  Antiseptics 

Antiseptics are biocidal products that can kill or impact the growth of disease-causing bacteria 

in or on living tissue, e.g. on the skin. Ideal properties include widespread and rapid bioactivity 

against bacteria, fungi and viruses, no toxicity or damage to the healthy tissue and insignificant 



26  

absorption into the systemic circulation following external application [34]. Antiseptic products 

may contain one or more active ingredients and are presented in various formulations and 

preparations, for example, antimicrobial hand washes, surgical scrubs, preoperative 

preparations, tinctures, ointments, creams, mouth-rinses, and toothpaste. They are commonly 

used as pre-operative skin preparations for prevention of surgical site infections [64], as routine 

skin hygiene such as hand-washes and hand rub products or for treating skin and wound 

diseases [34]. For skin and wound infections in deeper skin layers, antibiotics are popularly 

selected as the treatment of the specific skin pathogens; in contrast, topical antiseptics are 

preferred in the cases of infections in the outermost surface. In such cases, the aim is to 

minimize any microbial colonization in a wound or skin surface infection without causing any 

serious effects on the living tissue or impeding the healing process [34,65]. In the following 

section commonly used antiseptics are discussed and their chemical structure are illustrated in 

Figure 1.3. 

1.6.1.  Chlorhexidine 

Chlorhexidine is a cationic polybiguanide (bisbiguanide) [66]. It primarily used as salt forms 

because of its insolubility in water. Chlorhexidine gluconate, known as CHG, and other salts 

like chlorhexidine diacetate, dihydrochloride and dihydrobromide are used as surficial 

disinfectants, in cosmetics (added ingredient in creams, hair care products, deodorants, and 

antiperspirants), and health-care preparations (e.g., preservative in eye drops, wound dressings 

and mouth-rinse) [34]. Chlorhexidine is supplied typically in solution from 0.5 to 4% w/v. 

Chlorhexidine gluconate 2% w/v (CHG) in 70% v/v isopropyl alcohol (IPA) is particularly 

recommended in order to clean skin before surgical procedures by several organizations, such 

as The Health Protection Scotland (2013), Centre for Disease Prevention and Control (2017), 

National Institute for Health and Clinical Excellence (2013) and Word Health Organization 

(2017) [67,68]. Chlorhexidine solutions at concentrations 0.5% and above with alcohol are 
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employed to prepare skin prior to peripheral venous catheter insertion to prevent catheter-

related bloodstream infections [69]. Chlorhexidine is a broad-spectrum antibacterial active 

against both gram-positive and gram-negative bacteria, exhibiting some restricted activity on 

yeasts, dermatophytes, and some lipid-enveloped viruses [34]. Furthermore, Macias et al 

concluded that CHG in IPA is the preferred antiseptic for prolonged medical interventions 

because of its long-lasting residual effect, in comparison with 1% w/v triclosan in 70% IPA 

[70]. Gels containing 2% w/v CHG also demonstrated a higher fungicidal activity than those 

containing silver nanoparticles [71]. Alcoholic CHG solutions at both 0.5% and 1.0% w/v 

concentrations were better than 10% w/v aqueous povidone-iodine (PVP-I) in minimizing 

microbial colony formation related to intravascular catheters [72]. 

The mechanism of antimicrobial activity of chlorhexidine is that the positively charged 

molecular binds to the negatively charged lipid bacterial cell surface, thus weakening the cell 

membrane integrity followed by leakage of cytoplasm and precipitation of proteins and nucleic 

acids at lower concentrations and membrane disruption at higher concentrations [34,73]. Due to 

this non-specific mechanism of action, chlorhexidine use is widespread. However, there are 

some issues with its use, such as potential toxicity in the eyes, ears and brain,  it become inactive 

quickly in the presence of non-ionic surfactants, and it may cause dry skin [34,74]. Recently, 

the Food and Drug Administration (FDA) released a warning regarding the increasing 

occurrence of rare but severe allergic reactions to CHG. According to the FDA, healthcare 

specialists should take into account the patient’s allergy history prior to prescribing CHG-based 

products [75]. Furthermore, some current studies indicated that the increased use of CHG may 

responsible for cross-resistance to colistin and daptomycin and the reduced susceptibility 

(manifested by the higher of CHG minimum inhibitory concentrations) in several skin 

pathogens such as Klebsiella pneumoniae, multidrug-resistant Acinetobacter baumannii , S. 

epidermidis, S. aureus and vancomycin-resistant enterococci (VRE) [76-79].  
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1.6.2. Triclosan 

Triclosan (2,4,4’-trichloro-2’-hydroxydiphenyl ether) is a phenoxyphenol compound that has 

been principally considered as an antibacterial and antifungal agent [34]. Triclosan has a very 

low aqueous solubility of 0.012 g/L at 20oC [80]. It is one of the most common ingredients used 

in various antiseptic products, especially in antimicrobial soap, body and hand washes, 

toothpaste. The concentrations of 0.1 to 2 % w/v are regularly applied, with or without other 

active antimicrobials such as alcohols, to bring about a long-lasting activity on the skin. 

Triclosan is active against gram-positive bacteria, including Staphylococcus species. 

Moreover, it may also have an effect on gram-negative bacteria and yeast, with some weaker 

activity against enveloped viruses, pseudomonads, and fungi [34]. Originally, triclosan was 

thought to target the cell membrane in a non-specific modality. However, recent studies have 

found a specific bacteriostatic action for triclosan on bacteria through inhibiting the bacterial 

fatty acid biosynthetic pathway. At the higher concentrations found in antiseptics preparations 

(2-20 mg/ml), there is a hypothesis that triclosan acts as a biocide with multiple actions on 

lipid, RNA and protein synthesis, leading to the cell lysis [79,81]. The antimicrobial property of 

triclosan-containing antiseptics can be influenced by formulation effects, for example, there is 

a synergistic activity with chelating agents (e.g. EDTA) in destroying the gram-negative 

bacterial cell wall thereby improving uptake into cells. Triclosan shows negligible irritation 

and allergy skin reactions and it can retain persistent on the skin surface [34]. Yet, because of 

the lack of the scientific literature regarding the safety and effectiveness of triclosan for human 

health, in December 2017, the FDA issued a final rule related to the prohibition use of triclosan 

in certain over-the-counter antiseptic preparations [61].  

1.6.3. Povidone-Iodine (PVP-I)  
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Povidone-Iodine (also known as PVP-I), which is a complex of elemental iodine loosely bound 

to the carrier polyvinylpyrrolidone, is used as a broad-spectrum antimicrobial agent against 

bacteria, virus, fungi and protozoa at relatively low concentrations [34,82]. Typically, PVP-I is 

widely applied as a topical antiseptic and disinfectant for skin and wound infections mostly in 

solution, dry powder and lotion formulations. Use as an iodophor improves both solubility and 

stability while releasing the active iodine gradually from the polymer network over time. 

Therefore, its residual antimicrobial activity is maintained stably while side effects associated 

with iodine such as irritation and brown staining on the skin and mucous membranes are 

reduced. The precise mechanism of action is still unknown but it is believed that the active 

iodine species plays a role as an oxidizing agent which reacts with cell walls and membranes 

as well as cytoplasm by exchanging and inactivating functional groups of amino acids (e.g. 

lysine, histidine, cysteine and arginine). The consequence is the loss of cell structure and 

function [34].  

1.6.4. Alcohol 

 Alcohols offer rapid and broad-ranging activity against bacteria, fungi and viruses although 

less is known about their activity against protozoa and bacterial spores but they are sporistatic. 

Isopropanol (isopropyl alcohol), ethanol and n-propanol are the most popular alcohols used as 

antiseptics and disinfectants. The exact mechanism of action on microorganisms is not clear 

but they are able to cause denaturing and precipitation of proteins thus destroying cell 

membranes and leading to cell lysis. Concentrations ranging from 60% to 80% v/v are 

recommended for maximum antimicrobial activity because, in more concentrated solutions, 

alcohol quickly coagulates protein molecular external the cell wall and interferes with the 

penetration into the cell, therefore limiting further effects on protein-based inner cell 

compositions. Other potential attributes are relative stability, low toxicity, less odour and low 
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cost. Alcohols are also used as preservatives and common solvents for other biocides such as 

chlorhexidine [34].  

1.6.5. Essential oils   

Essential oils are secondary metabolic products found in various parts of plants (such as 

flowers, seeds, leaves, peels, buds, barks, wood or roots), and can be extracted by hydro-

distillation and steam distillation, mechanical processes, or by “dry” distillation for some 

woods [34,83]. They are complex mixtures containing hundreds of compounds and the exact 

chemical composition depends on extraction processes and specific conditions. For example, 

dry vapor steam distillation is used when there is a requirement to minimize ester hydrolysis 

(e.g., linalyl acetate), or cohobating is proposed to improve the quantity of particular 

compounds such as sulfur compounds [83]. Essential oils and their components have been used 

in a wide range of products, from fragrances, toothpastes, cosmetics, to aromatherapy and 

phytomedicine, with tea tree oil and eugenol, being combined in many commercial antiseptic 

preparations, such as Ord River Tea Tree Antiseptic Cream®, Australian Tea Tree Antiseptic 

Cream® or Manuka Doctor ApiRevive Manuka & Tea Tree Antiseptic Gel® [34]. In 

dermatology, essential oils are primarily used for treating skin infections (62% of the total 

cases), followed by skin inflammatory and general skin maintenance with 20% and 18%, 

respectively [84]. Relative bioactivity varies between the different oils. In particular, tea tree oil 

demonstrates bactericidal activity (at 0.25 to 0.5% v/v), fungicidal activity (at 0.06-1% v/v), 

fungistatic activity (within 0.03-0.5% v/v) as well as activity against yeasts and dermatophytes 

(including Candida and Trichophyton). Tea tree oil, amongst others, presents persistent and 

long-lasting activity on the skin after application. Despite most essential oils presenting 

antimicrobial effectiveness at low concentrations, they have been reported to generate irritancy 

and allergenicity following application to skin and mucous membranes [34,84]. Almost 1.8% of 
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patients tested with 5% and 10% tea tree oil patches experienced allergic contact dermatitis 

[85].  

1.6.6. Silver compounds 

The active element is the silver ion (Ag2+) in silver nitrate (AgNO3) and silver sulfadiazine 

(AgSD). Generally, topical silver antiseptics are applied for prevention of skin and wound 

infections mostly caused by S. aureus and Pseudomonas in cream or solution forms and used 

in eye drop preparations for eye bacterial infections in neonates [34]. There are a number of 

studies indicating the valuable role of silver in wound care [86]. Additionally, silver compounds 

are also commonly used to cover surfaces prone to bacterial colonization such as catheters or 

dental instruments. Many commercial silver-based products are now available in many forms 

such as Atrauman Ag® Wound Dressing, Urgotul® SSD Antibacterial Contact Layer, 

Flamazine® Antibacterial Cream, Colloidal Silver Spray®, Silver Solution® Antimicrobial 

Wound Gel, MSM+Silver® Water Drops or Natural Sense Colloidal Silver ® Eye Drops.  

In term of spectrum of activity, silver compounds exhibit bacteriostatic and bactericidal activity 

at fairly low concentrations, especially on gram-positive bacteria. Regarding the mechanism of 

action, active silver ions bind to sulfhydryl, amino and carboxyl groups of amino acids on 

microorganism surfaces, thus denaturing proteins, and disrupting the cell wall and membrane 

functions. Silver also specifically inhibits cell wall metabolism, electron transport as well as 

the respiration chain [34,87]. Through applications of topical antiseptic, respiratory sprays, 

implanted medical devices or wound dressings, silver may be absorbed into the systemic 

circulation, mostly in conjugation with protein and then deposited in human tissues, with higher 

levels in skin, kidneys, eyes, brain, liver, and bone marrow [88]. Argyria is a rare cutaneous 

condition resulted by excessive or chronic use of preparations containing silver, with the most 

characteristic symptom is the discolouration of skin into blue or blue-grey, especially in 
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sunlight-exposed areas [89].  

1.6.7. Other antiseptic agents 

(i) Quaternary ammonium compounds (QACs) are cationic surfactants which have both 

hydrophobic and hydrophilic groups in molecular [34]. QACs target cell walls and membranes. 

They are quickly absorbed into cell walls, interact with membrane lipids, thus disrupting cell 

structure and function or cause denaturing essential cell proteins, and leaking cytoplasmic 

material [34]. The antimicrobial activities of QACs remarkably rely on their specific types and 

formulations and can be impacted by fatty substances or anionic surfactants. For example, 

benzethonium chloride (BZT) is used as a topical anti-infective and an antiseptic effective 

against bacteria, fungi, moulds and viruses [90]. Also, benzalkonium chloride (BZK) is used 

widely as antimicrobial preservative or biocide surfactant, and is especially commonly found 

in ophthalmic solutions [91]. BZK displays broad-spectrum activities against bacteria, fungi, 

virus, algal, but not endospores [92]. The widespread use of BZK may contribute to the increase 

in antibiotic resistance concern [93]. Cetylpyridinium chloride (CPC) demonstrates antiseptic 

activities against gram-positive pathogens and yeasts, but has no effect on gram-negative 

microorganisms and mycobacteria. CPC is commonly found as active ingredient in 

mouthwashes, toothpastes, lozenges or mouth sprays for treating minor mouth and throat 

infections [94,95].  

(ii) Octenidine dihydrochloride (OCT) is also a cationic surfactant, belongs to the bipyridine 

group [96] and has offered a wide range of applications such as preoperative skin preparations, 

prevention and treatment skin and wound infections [97]. Its spectrum of activity covers both 

gram-positive and gram-negative pathogen including MRSA [97]. Octenidine reduced more 

than 7log10 of high-level mupirocin-resistant Staphylococcus aureus isolates in vitro at 

concentrations as low as 0.001% w/w within only 30 seconds [98]. Similar findings were seen 
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for multidrug-resistant gram-negative bacteria [99]. Octenidine dihydrochloride (0.1%) with 

30% v/v 1-propanol and 45% v/v 2-propanol was more effective than 74% v/v ethanol with 

10% v/v 2-propanol for eradication of skin colonization in central venous catheter sites over 

24h [100]. Moreover, octenidine was highly effective in reduction of infections associated with 

biofilm formation on orthopaedic implants infections, compared to gentamicin [101].  

(iii)  Polihexanide (PHMB) is a biguanide antiseptic whose chemical structure is similar to 

chlorhexidine [102]. The positively charged molecular species interacts electrostatically with 

the negative-charged lipopolysaccharide compounds of bacterial cell membrane, leading to the 

leakage of intracellular components, therefore, PHMB can be effective on both gram-negative 

and gram-positive pathogens [103]. Octenidol® and ProntOral® mouthwashes which contain 

octenidine and polyhexamethylene, respectively displayed indistinguishable antimicrobial 

potency with 0.2% chlorhexidine digluconate in eliminating Streptococcus sanguinis, 

Streptococcus mutans, Candida albicans and Fusobacterium nucleatum [104]. Additionally, 

both 0.02% PHMB and 0.05% OCT were superior than NaCl 0.09% w/v solution in removal 

of biofilms of Pseudomonas aeruginosa [105]. PHMB is well- tolerant when applied to both 

skin, and wounds [106].   
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Figure 1.3 Chemical structure of several antiseptic agents 
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1.7.  Traditional pharmaceutical formulations  

1.7.1. Solutions  

According to the US Pharmacopeia-National Formulary, solutions are defined as aqueous 

homogeneous systems which comprise of solvents and one or more solutes [107]. 

Comparisons of antiseptic performance of solution formulations are relatively well reported. 

Particularly, in a 2-step study, 2% w/v chlorhexidine gluconate in 70% v/v isopropyl alcohol 

was proven to have more substantive efficacy compared to 10% w/v sodium hypochlorite and 

10% w/v povidone-iodine [108]. Similarly, it has demonstrated a longer-lasting residual effect 

than triclosan (1% w/v) in 70% v/v IPA, making it more suitable for long procedures such as 

catheter insertion or surgery than other antiseptics [70]. Chlorhexidine gluconate 2% w/v in 

70% v/v ethanol was effective in eradicating multidrug-resistant Acinetobacter baumannii with 

biofilms (MDRAB-Bs) as no MDRAB-Bs detected after only 1 minute of contact [109]. On the 

other hand, according to Koburger et al. (2010), taking into account minimum inhibitory 

concentration (MICs) and minimum bactericidal concentration (MBCs) values, the 

antimicrobial effect of polyhexanide and octenidine were deemed to be greater than 

chlorhexidine digluconate, PVP-iodine and triclosan against the tested microorganisms. In the 

quantitative suspension test (to determine the minimal concentrations to achieve at least a 

reduction of 3.8 log cycles  for C. albicans and 4.8 logs for S. aureus and P. aeruginosa), 

octenidine showed the most effective bactericidal and fungicidal efficacy at all of time points, 

in contrast to triclosan [110]. Another recent clinical trial found that 70% isopropyl alcohol 

solution offered an equivalent effect with 2% chlorhexidine gluconate in 70% IPA for skin 

antisepsis [111], supporting the use of cheaper antiseptics like alcohol [111]. Furthermore, it was 

found that the simultaneous application of 10% w/v PVP-I and a topical antiseptic Alkosol® 

(96% ethanol, 30g isopropanol and 0.1g ortophenilphenol) in a 2-step pre-operative procedure 
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reduced the extent of surgical site infections as only 6% of included patients had at least one 

symptom of inflammation after 24 hours of surgery, whereas this figure for the use of 10% 

povidone iodine alone was up to 40% [112].  

Bashir et al reported that using a film-forming polymer such as an acrylate in a pre-operative 

solution preparation comprised of 2% chlorhexidine in 70% isopropyl alcohol to sustain CHG 

at the skin surface effectively reduced bacterial colonization in an ex vivo model, corresponding 

to greater antimicrobial activity in preventing surgical site infections [113].  

A topical povidone-iodine solution was employed in a phase 2 trial to treat cancer therapy-

related paronychia – an acute nail infection caused by targeted and cytotoxic remedies. The 

outcomes were a positive effect with twice daily application of 2% PVP-I solution on clinical 

outcomes and quality of life [114]. 

1.7.2. Patch formulations  

A novel mucoadhesive buccal patch which consisted of 4 mg triclosan and used matrix-forming 

polymers low methoxy amidated pectin (AMP) and 20% w/w Carbopol (CAR). The authors 

estimated the impact of β-cyclodextrin-epichlorohydrin polymer (EPIβCD) and anionic 

carboxymethylated β-cyclodextrin-epichlorohydrin polymer (CMEPIβCD) in raising TCS 

solubility, as well as its release, from the patch, compared to that of parent β-cyclodextrin. The 

TCS-EPIβCD complex did improve solubility, although the presence of 1% (w/v) AMP 

compromised the complexation and solubilizing properties of both polymeric β-cyclodextrin 

derivatives (CMEPIβCD and EPIβCD). In addition, the buccal patches formulated with TCS- 

EPIβCD in combination with AMP-CAR 80:20 (w/w) provided immediate and stable drug 

release and efficacy against Streptococcus mutans, which was isolated from the oral cavity 

[115].  

In 2015, a similar study investigated the role of polysaccharide psyllium in controlling the 
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releasing rate of chlorhexidine from a buccal muco-adhesive patch. Combining semi-synthetic 

polymers including sodium carboxymethyl cellulose and hydroxypropyl methyl cellulose with 

psyllium had the advantages of zero-order kinetics of drug release and effective antimicrobial 

activity against Gram (+) and Gram (-) bacteria [116]. Recently, Eudragit® RL 100 was used 

as the gel-forming agent in chlorhexidine-based medicated dermal patches. Eudragit® RL 100 

is a complex made up of “ethyl acrylate, methyl methacrylate and low content of methacrylic 

acid ester with quaternary ammonium groups” [117]. The amount of quaternary ammonium 

groups in the RL type is greater than other ones of Eudragit polymers, making it becomes more 

permeable [118,119]. It is widely used as drug vehicle, controlled release agent, film former, 

bioadhesive material or suspending agent [120]. Typically, the dermal patches using Eudragit® 

RL 100 exhibited efficacious activity against the tested microorganisms [73].   

1.7.3. Gels 

Gels can be described as semisolid systems for topical usage comprising of colloidal globules 

distributed in an aqueous liquid vehicle [121]. Gels, along with creams and ointments are 

common semisolid formulations used for dermal applications [122]. Gels may be spread easily 

and offer a cooling effect as a result of solvent volatilization after application [121]. They can 

be categorized into hydrogels and organogels; hydrogels mainly include water in the liquid 

phases, while organogels comprise organic solvents [123]. Furthermore, the term “emugels” (as 

emulsified gels) is used to refer to biphasic systems which encompass a dispersed aqueous gel 

and a lipid base. Emugels were developed in order to enhance the occlusive characteristics of 

gels [122]. 

 A thiolated povidine-iodine complex was developed with the intention of improving 

mucoadhesive properties. The gel-forming ability of thiolated PVP and thiolated PVP-I on 

contacting with mucosal surface and the mucoadhesion features were assessed. Based on the 
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results of this study, the thiolated PVP and thiolated PVP-I complex demonstrated merits, such 

as increasing viscosity, improving the mucoadhesion as well as controlling iodine release from 

systems, compared to unprocessed PVP and PVP-I complex. [124].  

A topical alginate gel containing povidone-iodine and vancomycin-loaded chitosan 

nanoparticles was developed in order to impede and treat orthopedic implant associated 

infections (OIAIs) [125]. This formulation displayed sustained release of active compounds at 

the specific sites as well as good biocompatibility and hemocompatibility. Furthermore, this 

study indicated potential benefits to antibiofilm and antibacterial activity on Staphylococcus 

aureus, which is the key cause of OIAIs [125]. 

1.7.4. Lotions 

The term “Lotion” refers to low- to medium viscous dosage forms which are used for both 

medicated and non-medicated applications [123]. Lotions are utilized particularly (but not 

popularly in clinical applications) as topical formulations of active substances (i.e., antibiotics, 

antiseptics, corticosteroids), intended for treatment of localized cutaneous disorders [121,123]. 

Also, lotions are more easily applied to sizeable skin areas than more viscous creams or 

ointments [123].  

An aqueous antiseptic lotion containing benzethonium chloride (BZT) at 0.2% was reported to 

have a rapid and wide -spectrum antimicrobial efficacy equivalent to 76% v/v ethanol [126] 

when was tested according to standard Time-Kill protocols [127]. Combined with its known 

persistence and low propensity for skin irritation, BZT-based antiseptic product may furnish 

remarkable clinical applications over alcohol-based ones [126,128].  

1.7.5.  Ointments  

Ointments are formed by the dispersion of active substances into an ointment base and are used 

on skin and mucous membranes, particularly in the treatment of infection and inflammatory 
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conditions. They are often selected for their tenacity on the skin to extend a drug’s therapeutic 

activity over a long time as well as producing a protective layer covering the sites of 

application. However, they can be associated with irritation due to their occlusive nature arising 

from their tallowy characteristics [121].  

The combination of ointment and body wash containing tea tree oil at 4% and 5%, respectively 

was reported to be better than the conventional regime consisting of 2% mupirocin nasal 

ointment and triclosan body wash for prevention of MRSA-reduced infections [129].   

An in vitro study was designed to test the ability of PVP-I ointment at numerous concentrations 

(both standard and diluted concentrations) versus six others antiseptic preparations and a silver-

based wound dressing, in terms of eliminating biofilms of Pseudomonas aeruginosa, Candida 

albicans, and MRSA. Following treatment with PVP-I ointment at all concentrations, there 

were no viable biofilms of P. aeruginosa detected after 4 and 24 hours. Additionally, PVP-I 

ointment containing 10% w/v active PVP-I was deemed effective at eradiating biofilm 

materials of C. albicans and MRSA after both 4 and 24h of applications and performed better 

than the other tested antimicrobial agents [130]. 

1.7.6.  Creams 

Creams or emulsions comprise two immiscible liquid phases, of dispersed globules within a 

continuous medium [121,122]. There are two main types of cream, oil in water or water in oil 

cream, of which, o/w cream is more popularly utilized to produce a local effect in case of 

external disorders, for instance, skin and wound infections [121].  

A therapeutic regime of tea tree oil comprising tea tree oil 10% cream and tea tree oil 5% body 

wash was proposed for eradicating MRSA colonization. There was no significant difference 

with the standard therapy of 2% mupirocin nasal ointment, 4% chlorhexidine gluconate soap 

and 1% silver sulfadiazine cream [131].  
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1.7.7.  Washes/ rubs  

The FDA defined antiseptic washes, also known as antibacterial soaps, as products used with 

water and are rinsed off after use, including hand washes, hand soaps and body washes [132]. 

Antiseptic rubs (also called hand “sanitizers,” or antiseptic wipes) are substituted when soap 

and water are inconvenient; they are left on and there is no need to rinse with water [132].   

Four different hand-wash and hand rub formulations of PVP-I, including 4% PVP-I skin 

cleanser, 10% PVP-I solution, 3.2% PVP-I in 78% alcohol and 7.5% PVP-I surgical scrub were 

tested in a suspension test against Ebola virus (EBOV) and modified vaccinia virus Ankara 

(MVA) in vitro. Viral titres of MVA and EBOV were reduced by more than 99.99% under both 

clean environments (0.3 g/L bovine serum albumin; BSA) and contaminated environments (3.0 

g/L BSA with 3.0 ml/L erythrocytes) within 15 seconds of exposure. Among those products, 

PVP-I solution in an alcohol mixture of 2-propanol and ethanol was the most efficacious at 

early timepoints. PVP-I could have an important role in limiting diseases related with Ebola, 

especially in combination with alcohol [133].   

Glycerol, which often used as a humectant, can restrict the clinical effect of pre-operative hand 

rubs of isopropanol. After a 3h period of application, a hand rub preparation based on 

isopropanol without glycerol, which in this case was a combination of ethylhexylglycerin, 

dexpanthenol and a fatty alcohol, was more effective in eradiating skin pathogens than the 

product containing glycerol [134].    

Triclosan is one of the most popular antimicrobial agents used in soaps. However, a systematic 

literature review indicated that triclosan based soaps used at the concentrations commonly 

found commercially (0.1% - 0.45% w/v) were not more efficacious in preventing infections 

than non-antimicrobial soaps [135]. The effectiveness of triclosan in antibacterial soaps was 

tested against twenty isolated strains proposed by FDA [136] either in vitro or in vivo. It was 

found that the use of antibacterial soaps containing 0.3% w/w triclosan did not show a superior 
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effect, compared to plain soaps under experimental conditions. This could be a consequence of 

a short exposure time, or the impact of surfactants in soaps like sodium laureth sulphate in 

diminishing the bactericidal activity of triclosan [137]. This result led to an US FDA ruling 

issued in 2013, which stated that all consumer antiseptic wash products need to have 

demonstrable clinical benefit prior commercialization, in comparison to plain soap and water 

[136]. Moreover, the latest FDA ruling released at the end of 2019 announced that three active 

antiseptic ingredients, benzalkonium chloride, alcohol (ethanol or ethyl alcohol), and isopropyl 

alcohol are not suitable for use as consumer antiseptic rubs [138].  

In contrast, a medical triclosan-based shampoo was used to assess the antifungal and 

antibacterial effects against five isolated microorganisms. Based on the inhibition zones, the 

results indicated that, at all concentrations diluted from original concentration of 0.3% w/w 

(from 10% to 90%), the shampoo had efficacious antimicrobial activity against all three fungal 

species and one bacterial species (E. coli), but no effect on Staphylococcus aureus. Generally, 

antimicrobial shampoos, (e.g. triclosan), have shown efficacy in preventing and treating skin 

and scalp disorders, such as dandruff whose major cause is Malassezia globose [139]. Antiseptic 

soap with tea tree oil at 0.3% exhibited the similar efficacy in eliminating E. coli load on hand 

as the one containing triclosan at 0.5% [140].  

Among all of conventional topical dosage forms, solutions are most mentioned in current 

clinical practice guidelines. Formulations including gels, creams, ointments and lotions are still 

the most common topical forms available commercially. Washes and rubs have been much 

studied recently, particularly focusing on comparing the difference of antimicrobial and non-

antimicrobial washes/rubs products. Although patches have not been widely studied they are a 

promising alternative to other dosage forms, with regards to patient compliance and 

convenience. In terms of antiseptic agents, chlorhexidine has received the most favourable 

reports to date.   
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1.8.  Advanced pharmaceutical formulations  

Nanocarriers are colloidal drug delivery systems comprising dispersed particles with diameter 

less than 500 nm [141]. Nanocarriers have potential applications for parental, oral, dermal and 

transdermal administration routes [141]. They have been reported to present some merits over 

conventional preparations such as ameliorated bio-distribution and pharmacokinetics, 

enhanced therapeutic potency, minimized toxicity, controlled release, increased bioavailability, 

or drug delivery to target destinations [142,143].  

These following sections summarizes the application of nanotechnology for delivery of 

antiseptic agents. 

1.8.1.  Nanoemulsions 

Nanoemulsions are transparent or translucent emulsion systems with droplet sizes below 500 

nm [142]. These colloidal systems can carry effectively both hydrophilic and hydrophobic drugs 

into the skin [142]. Compared to other traditional topical preparations like gels, creams and 

ointments, nanoemulsions have been reported to enhance permeation through the skin [144].  

The fungistatic of a topical o/w nanoemulsion containing cetylpyridinium chloride was 

demonstrated for its effect against a range of pathogenic fungus, including T. mentagrophytes, 

T. rubrum, E. floccosum, Trichophyton tonsurans, and Microsporum spp as well as 12 species 

of hyphaes. Furthermore, it was more active against azole-resistant C. albicans, and azole-

susceptible yeast, compared to other tested antifungal agents [145]. A benzalkonium chloride 

loaded nanoemulsion formulation demonstrated efficacious action against methicillin-resistant 

Staphylococcus aureus in vitro in mouse and porcine infected wound models. It promoted 

wound healing as a consequence of reducing inflammation within deep dermal layers and 

proinflammatory cytokine levels [146]. The formulation had previously been shown to reduce 

both bacterial colony and inflammation symptoms in burn wounds [147].  
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Triclosan based nanoemulsions (NEs) were prepared using a range of different concentrations 

of olive oil (OO) and eucalyptus oil (EO) to dissolve TCS. TCS-loaded NEs containing EO 

showed more merits than that of OO or solutions, in terms of both physicochemical properties 

and skin permeation ability. Similar results were found with nanoemulsions of CHG, as the 

inclusion of EO increased penetration into the skin, consequently improving drug retention for 

localised action. Thus, there are opportunities for nanoemulsions for both dermal hydrophilic 

and hydrophobic drug delivery [148]. A nanoemulsion of tea tree oil TTO, prepared via a high 

energy emulsification method, produced wider zones of growth inhibition against all isolated 

microbes than that of the available gel products with no observed skin irritation [149].  

It was reported that there was no serious toxicity caused by a tea tree oil nanoemulsion 

incorporating with silver nanoparticles detected on human cells. TTO NE combined with Ag 

NPs presented antibacterial activity against selected microorganisms (from 90-95%) at the 

highest concentration tested of 14μg/ml. Besides, blending Ag NPs into a nanoemulsion 

(Figure 1.4) led to synergistic activity against clindamycin-resistant E. coli and an additive 

influence on S. aureus [150].   

 

 
Figure 1.4 The images of silver nanoparticles and nanoemulsions containing tea tree oil in 

associated with silver nanoparticles, reprinted from [150].  
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1.8.2.  Nanogels 

Nanogels are nanoscale three-dimensional hydrogel globules made up of physically or 

chemically cross-linked hydrophilic polymer networks [151]. When nanogels are applied as 

dermatological preparations, the entrapment of nanoparticles in the gel matrix will extend 

exposure times on the skin and as a result, the therapeutic potency of the active compounds is 

lengthened [144].  

A chlorhexidine-loaded nanogel was synthesized using poly (methyl methacrylate) (PMMA) 

as the colloidal matrix-forming constitute, which was cross-linked with α-, β-, or γ-cyclodextrin 

methacrylate (CD-MA) in organic medium. This study found higher levels of chlorhexidine 

base fixed on nanogel networks. Moreover, owing to the presence of CD-MA, the drug was 

released more slowly and less from the particle surface into PBS buffer solution than into water. 

The inhibitory activity of chlorhexidine base on the growth of S. aureus emanated from not 

only the nanogel surface, but also the aqueous environment [152].  

Magnetic nanogels containing cobalt iron oxide nanoparticles were developed for the purpose 

of controlling pH-related release of chlorhexidine gluconate. It was found that that the magnetic 

nanogel was pH-responsive and its electroactivity increased at alkaline pH values. Besides, 

chlorhexidine was most active and is optimally released at pHs from 6-7, at which it is ionized.  

Therefore, it was proposed that these nanogels would be useful in burns treatment as the pH of 

the environment is higher than normal [153].  

1.8.3.  Nanoparticles 

The inhibitory effects on autotrophic and heterotrophic microbial growth by silver 

nanoparticles (Ag NPs), silver ions and silver chloride colloids were assessed by Choi et al. 

(2008). According to the results of a short-term existent respirometry appraisal, at 1mg/L silver, 

silver nanoparticles had a much greater influence on prohibiting nitrifying microbe growth than 
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other forms. Based on an automatic microtiter appraisal, at silver content of 4.2 µM, Ag ions 

inhibited completely the growth of E. coli. None of three silver forms caused cell membrane 

lysis at 1mg/L Ag [154]. Colloidal silver formulations encompassing silver nanoparticles were 

effective against both Gram-positive and Gram-negative pathogens and excellent fungistatic 

properties were also reported after 7-14 days contact with the silver colloids, especially in case 

of systems using poly (N-vinylpyrrolidone) and Na-lauryl sulfate as stabilizers [155].   

The antiseptic efficacy of an oil-in water emulsion containing nanoparticles of poly-

hexamethylene biguanide hydrochloride (PHMB) was found to be more immediate and long-

lasting on human skin colonies with durations of up to 150 min, in comparison with PHMB 

solutions [156]. 

Nanoparticles containing TCS for the treatment of acne were found to penetrate rapidly into 

hair follicles and provided a controlled and targeted transport of active. Permeation studies 

found that nanoparticles and emulsions has similar permeation ability but this was less than 

that of a solution, but the retention in the skin was similar for solution and nanoparticles and 

highest for emulsion formulations [157].   

Solid lipid nanoparticles of triclosan were prepared for topical skin application by adopting 

glyceryl behenate (GB) and glyceryl palmitostearate (GP) [148]. Solid lipid nanoparticles 

provide a hydrophobic lipid network for drugs with low aqueous solubility [143]. Overall, solid 

lipid nanoparticles prepared with GP presented more advantages than with GB, such as smaller 

size, higher TCS loading, better permeation ability through skin (at 5% concentration of GP), 

and a greater amount of drug retained within the skin [148].  

The issue with the relative hydrophobicity of triclosan has also been addressed by using 

branched deblock copolymers as stabilizers in nanoencapsulation. Three different amphiphilic 

branched di-block copolymers were synthesized via the copolymerization of a vinyl monomer 

(butyl methacrylate, styrene, or N-isopropylacrylamide) and a covalently cross-linker core. The 



46  

obtained triclosan nanoparticles presented a six-fold higher antimicrobial efficacy against 

Candida albicans than triclosan solution [158].   

Polymeric nanoparticles (PNPs) are solid, nanostructure colloidal particles with the size of 10-

100nm and produced by applying biodegradable polymers such as polylactide-polyglycolide 

copolymers, and polycaprolactones, or natural polymers, like gelatine, albumin and collagen 

[159]. PNPs are generally classified into two types: nanospheres and nanocapsules. 

Nanocapsules are composed of an outer solid polymeric membrane encapsulating an inner 

liquid core of oil or water in which the drug is dispersed whereas in nanospheres, actives are 

enmeshed within the polymer matrix structure [143].  

Triclosan in poly L-Lactide (PLLA) nanoparticles (at loadings of 10%, 30% and 50% w/w) 

developed by the emulsification–diffusion method demonstrated the potency of inhibition of 

bacteria growth, that proposed that these nanoparticles showed the potential applications in the 

personal care and surgical implant products, drug delivery systems and wound dressing [160].   

 Polymeric nanoparticles containing PVP-I were fabricated using a surfactant-free emulsion 

copolymerization followed by iodination procedure, which nanoparticles  eliminated 100% of 

the isolated organisms, including E. coli and S. aureus, and P. aeruginosa and the decreased 

hydrophobicity enabled a wider range of uses when it was amalgamated into conventional 

products like glue, ink or dye [161].  

1.8.4.  Nanocapsules  

Chlorhexidine base was encapsulated into poly(epsilon-caprolactone) (PCL) nanocapsules.  In 

an ex vivo study, after 8h of contamination, the number of colony forming units (CFUs) from 

skin treated for 3 min with chlorhexidine nanocapsules was notably less than that of CHG 

solution. Furthermore, the residual content of chlorhexidine from nanocapsule remaining in the 

SC was three-times greater, compared to solution control. Specifically, nanocapsules were 
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found in porcine skin follicles, this resulted in sustained action against Staphylococcus 

epidermidis [162].  

Nanoemulsions and nanocapsules containing 10mg/mL TTO were prepared to test with two 

different infectious nail models. Generally, the nanosystems were effective at reducing the 

growth of T. rubrum which was presented through the significant diminution of microorganism 

count as well as the smallest zones of T. rubrum growth after exposure. Particularly, compared 

to nanoemulsion, the tea tree oil nanocapsules were more efficacious against fungi [163]. 

Further studies incorporated these TTO loaded nanosystems into hydrogel preparations. Based 

on the results of in vivo studies, hydrogels comprised of TTO nanocarriers reduced 

inflammation caused by UV-B radiation and in the wound healing process, with the most 

effective being TTO nanocapsule hydrogels [164].   

Nanocapsule formulations have been proposed to address increasing antimicrobial resistance. 

Triclosan nanocapsules were formulated by interfacial deposition and used chitosan as a 

coating layer and α-bisabolol as the oil core. Positively charged chitosan was included to 

optimize interaction with negative charged microorganism membranes and α-bisabolol was 

selected for its ability to disperse lipophilic drugs such as triclosan. The MIC of nanocapsule 

coated chitosan was the lowest value compared to other samples. The chitosan-coated 

nanocapsules were incorporated into wound dressings, the effect of eradiation and inhibition 

on selected microbes was confirmed to be significantly increased and prolonged [165].  

1.8.5.  Other modern pharmaceutical formulations  

A novel formulation comprising phospholipid and octenidine dihydrochloride was studied for 

the purpose of substituting for phenoxyethanol, which is often added as solubility enhancer of 

octenidine but may cause irritation, especially on mucosa and open wounds. The selected lipid 

form was Phospholipon90G (Phosphatydylocholine). According to the antiseptic efficacy test, 
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the studied lipid based formulation displayed the indistinguishable inhibitory potency with the 

available Octanisept® product, but fewer side effects due to lack of phenoxyethanol [166].  

Liquid crystalline systems (LCS) of glyceryl monooleate (GMO) and water were developed as 

delivery systems for PHMB and cetylpyridinium chloride (CPC). The authors found that the 

inclusion of the active drugs into LCS affected the drug release, but not the creation of the 

liquid crystalline phases. Because of the interaction between CPC and GMO, the drug was 

trapped in the matrix and not likely to release into the medium, leading to the undetectable 

bactericidal effect of CPC associated with LCS. In contrast, it was reported that PHMB was 

released at a constant rate, thus having prolonged antibacterial activity against tested 

pathogens. In general, the evidence from this study suggests that the liquid crystalline systems 

can used as PHMB carrier [134].  

Advanced drug delivery systems have been increasingly investigated for topical administration, 

primarily applying numerous forms of nano-technology. These formulations demonstrated 

superior therapeutic activities in prevention and treatment skin and wound infections, 

compared to conventional dosage forms. However, there is still scope for further development 

of optimised nanoparticulate dosage forms for topical delivery of antiseptics. 
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1.9.  Thesis motivation 

Being the outermost cover of the body, human skin is susceptible to various extraneous traumas 

such as temperature, UV-radiation, chemicals, and pathogens, which are likely to result in the 

disordering of the regulation and recovery mechanisms of normal skin and lead to 

dermatological skin concerns [167]. Skin and soft tissue infections are the most common 

infectious disease associated with hospitalization in developed countries, which have notable 

impacts on both the physical and mental health of patients [56,168]. In recent years, topical skin 

antisepsis has been regarded as an alternative for antibiotics for the purposes of prevention and 

treatment of skin and soft tissue infections, especially in the emergence of antibiotic resistance 

over the world [59,60].  

To exert their optimum antiseptic activity, the agents need to target pathogenic microorganisms 

localizing below the outermost skin layer [169]. Nevertheless, because of the unique structure 

of the stratum corneum layer which made up the skin protective barrier, the cutaneous and 

transcutaneous transport of active substances from topical preparations remains a challenge, 

especially for water-insoluble drugs such as triclosan [170-172]. With the intention of addressing 

this, a promising approach is incorporating drugs into nano-carrier systems such as 

nanoemulsions [173]. Nanoemulsions are colloidal systems designed to appropriately carry both 

hydrophilic and lipophilic compounds with high drug loading capacity, that ensure the constant 

transfer of solutes from dispersed phase to external phase and thus stimulating skin absorption 

[173]. Also, emulsions with extremely small globules easily pass through the skin absorption 

membrane and offer large contact surfaces between the membrane and the formulation, thus 

enhance the bioavailability of very poorly soluble substances. In addition, it has been reported 

that nanoemulsions can be effective in minimizing toxicities of excipients for external uses 

[174,175]. Nanoemulsions can be prepared by high-energy or low-energy processes [142] and 
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ultrasonication has become the most common and effective technique fortheir preparation at a 

laboratory scale. Its operation is based on the effect of the acoustic cavitation phenomenon, 

which is defined as the formation, development, and subsequent disruption of micro-bubbles 

ascribed to acoustic waves. Nanoemulsions created by this method are extensively stable as 

droplet size can be as small as 0.2 nm [142,176,177].    

Moreover, the oil phase in an emulsion is used not only to dissolve actives, but also it can 

contain some components that act as penetration enhancers and contribute to improving drug 

penetration into the skin [178]. Several studies were conducted to investigate the proficiency of 

eucalyptol (EO), and oleic acid (OA) in reinforcing the penetration of both hydrophilic and 

lipophilic drugs, especially as EO and OA were amalgamated into nanoemulsion structures in 

order to produce a synergistic effect, also acting as antimicrobials [178,179]. Eucalyptol (1,8-

cineol) a natural water-soluble terpene, accounts for 75.7% of  eucalyptus oil and is believed 

to be responsible for the biological activities (anti antibacterial, antifungal, and insecticidal) of 

this oil [180,181]. Oleic acid is a monounsaturated fatty acid. It makes up approximately 80% of 

olive oil, which is a common ingredient used in the pharmaceutical and cosmetic industry [182-

184]. Based on the aforementioned advantages, nanoemulsions incorporating suitable 

excipients can be considered as a candidate formulation for the delivery of actives through 

dermal or transdermal administration, offering advantages compared to conventional topical 

dosage forms [185,186]. In the present study, the role of nanoemulsions as a drug carrier for 

chlorhexidine digluconate and triclosan compounds intended for topical applications was 

investigated.  
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1.10. The aim and objectives of the thesis   

1.10.1. Aim  

To explore nanoemulsions as a potential delivery system for topical application of antiseptics 

1.10.2. Objectives  

•   To prepare nanoemulsion formulations of two antiseptic agents: chlorhexidine digluconate 

and triclosan by ultrasonication method. 

•  To evaluate the impact of oil type (olive oil and eucalyptus oil) on the stability and cutaneous 

permeation ability of developed nanoemulsions.  

• To assess the stability of developed nanoemulsions by characterizing physicochemical 

properties. 

• To evaluate the in vitro skin permeation ability of CHG and TCS loaded nanoemulsions and 

the amount of drug retained within skin after the application.  
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CHAPTER 2 
MATERIALS AND METHODS 
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2. Materials and methods  

2.1. Materials  

Chlorhexidine digluconate (20 % w/v in water) solution (CAS: 18472-51-0), polyethylene 

glycol sorbitan monooleate (Tween® 80, HLB: 15); polyethylene glycol sorbitan monolaurate 

(Tween®20, HLB: 16.7); sorbitan monooleate (Span® 80, HLB: 4.3), olive oil (CAS: 8001 25-

0), eucalyptus oil (CAS: 8000-48-4) obtained from Sigma-Aldrich (UK). Triclosan (CAS: 

3380-34-5) was from Tokyo Chemical Industry Co., Tokyo (Japan). Ultrapure water, HPLC 

grade methanol, acetonitrile, diethylamine, sodium heptane sulfonate was used for HPLC 

analysis. All of other chemicals and solvents were of analytical reagent grade. 

2.2. Methods  

2.2.1. High performance liquid chromatography (HPLC) methods 

2.2.1.1. HPLC method for triclosan  

The HPLC method described by Kakadia (2016) [148] was adopted. The Shimadzu HPLC 

system (Shimadzu Corporation Ltd. Buckinghamshire, UK) equipped with isocratic delivery 

pump (LC-20AT), auto sampler (SIL-20A) and UV-VIS detector (SPD-20AV). The 

XTERRA® MS C18 from Waters (UK) was selected as a chromatography column. 

Acetonitrile and water at the ratio of 60:40 (% v/v) was used as a mobile phase with a constant 

flow rate of 1 ml/min and the maximum absorption wavelength was set at and 285 nm. All the 

HPLC conditions are summarised in Table 2.1. The standard solutions of TCS were prepared 

at concentration of 2.5, 5, 10, 20, 30, 40, and 50 µg/ml and their response were determined 

using HPLC. Figure 2.1 displays a typical standard calibration curve which was constructed by 

plotting the peak area against the concentration. The linear regression equation was employed 

for the quantification of TCS.  
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Table 2.1 HPLC conditions and validation parameters for TCS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.1.2. HPLC method for chlorhexidine digluconate 

 

The HPLC method described by Kakadia (2016) [148] was adopted. The employed HPLC 

system was same as described in section 2.2.1. The mobile phase was a methanol: water 

mixture (75:25, % v/v) with 0.1 % (v/v) diethylamine and 0.005 M sodium heptane sulphonate, 

modified to pH 4 by glacial acetic acid. A constant flow rate and the maximum absorption 

Injection Volume     20 µl 

Wavelength   285 nm  

Flow rate  1 ml/min 

Run time  10 min  

Tailing factor 0.88 

Retention time  7.15 min 

LOD 0.45 µg/ml 

LOQ 1.35 µg/ml 

Precision and accuracy  RSD < 4% 

Figure 2.1 Standard calibration curve for TCS 
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wavelength was set at 1 ml/min and 260 nm, respectively. All the HPLC conditions are 

summarised in Table 2.2. The standard solutions of CHG were prepared at concentrations of 

2.5, 5, 10, 20, 30, and 40 µg/ml and their response were determined using HPLC. Figure 2.2 

displays a typical standard calibration curve which was constructed by plotting the peak area 

against the concentration. The linear regression equation was employed for the quantification 

of CHG.   

Table 2.2 HPLC conditions and validation parameters of CHG. 

Injection Volume   20 µl 

Wavelength   260 nm  

Flow rate  1 ml/min 

Run time  10 min  

Tailing factor 1.33 

Retention time  5.13 min 

LOD 0.18 µg/ml 

LOQ 0.53 µg/ml 

Precision and accuracy  RSD < 4% 

 

 

 

 

 

 

 

 

 

  
Figure 2.2 Standard calibration curve for CHG 
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2.2.2. Preparation of triclosan nanoemulsions 

Triclosan nanoemulsion formulations were prepared using an ultrasonic homogenization 

method and the constitution of each formulation has been described in Table 2.3. Briefly, the 

method involved the separate preparation of oil and water phases.   

• Water phase contained 0.5 % w/w of triclosan and 6 % w/w of emulsifier mixture 

dissolved in 90.5 % w/w of deionized water using a magnetic stirrer at 400 rpm for 15 min.  

• Oil phase comprised of 3 % w/w of oil component (eucalyptus oil or olive oil).  

Initially, the coarse emulsion was formed by adding slowly oil phase into water phase under 

magnetic stirring at 800 rpm for 20 minutes. The combination was subsequently processed 

using a Model 3000MP Ultrasonic Homogenizer (Biologics, Inc, UK) with ½” (12.7 mm) 

diameter solid titanium tip for 25 minutes at 40 % of frequency amplitude, each cycle comprises 

of 30s pulse on and 5s pulse off. The sample was placed in an ice bath in order to control 

temperature during the process. Moreover, 0.5% w/w triclosan solution in tween 80 was also 

prepared to act as a control. A schematic illustration of triclosan nanoemulsion formulation is 

shown in Figure 2.3.  

Table 2.3 Formulations of TCS nanoemulsion 

 

 

 

 

                    

Formulation 

 

TCS 

(% w/w) 

                       Oil S80: T20 

(1:1) 

(% w/w) 

Water 

(% w/w) Type Concentration 

(% w/w) 

T1 0.5 EO 3 6 90.5 

T2 0.5 OO 3 6 90.5 

TCS: triclosan; EO: eucalyptus oil; OO; olive oil 
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Figure 2.3 Schematic illustration showing the formation of TCS nanoemulsions. 

 

2.2.3. Preparation of chlorhexidine digluconate nanoemulsions 

Chlorhexidine digluconate nanoemulsion formulations were prepared using ultrasonic 

homogenization method and of the constitution of each formulation has been described in Table 

2.4. Briefly, the method involved the separate preparation of oil and water phases.   

• Water phase contained 10% w/w of aqueous chlorhexidine digluconate 20% w/v 

solution.  

• Oil phase was formed by mixing 30 % w/w of the surfactant mixture (Span 80 and 

Tween 80) and 60 % w/w of oil (eucalyptus oil or olive oil) using a magnetic stirrer at (40 °C, 

500 rpm) for 15 min.  

Afterwards, the water phase was added gradually into the oil phase while stirring at 800 rpm 

for 20 minutes to form the coarse emulsion. The combination was subsequently processed by 

adopting Model 3000MP Ultrasonic Homogenizer (Biologics, Inc, UK) with ½” (12.7 mm) 

diameter solid titanium tip for 30 minutes at 50 % of frequency amplitude, each cycle 

comprised 30s pulse on and 5s pulse off. The sample beaker was placed in an ice bath to prevent 

over heating during the process. Moreover, 20 % w/v chlorhexidine digluconate solution was 

diluted 10 times with deionized water to develop a solution to act as a control. A schematic 

illustration of triclosan nanoemulsion formulation is summarised in Figure 2.4. 
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Table 2.4 Formulations scheme of CHG nanoemulsion 

  

 

 

Figure 2.4 Schematic illustration showing the formation of CHG nanoemulsion. 

 

2.2.4. Physicochemical characterisation of nanoemulsions  

2.2.4.1. Content uniformity test 

The drug content in prepared nanoemulsions was quantified by completely dissolving 0.05 ml 

of each sample in sodium phosphate buffer to achieve 10 ml solutions using an ultrasonic bath 

for 15 minutes, followed by TCS and CHG analysis utilizing the HPLC methods described as 

in section 2.2.1.1 and 2.2.1.2, respectively. 

2.2.4.2. Determination of pH 

The pH of each nanoemulsion formulation was determined using a digital pH meter (Seven 

Compact S220 Benchtop pH/Ion Meter, Cole-Parmer Instrument Company Ltd. Neots, United 

Kingdom). Each formulation was tested in triplicate (n=3). 

Formulation 20% w/v CHG 

(% w/w) 

Oil S80:T80 (2:1) 

(% w/w) 

Type Concentration 

(% w/w) 
C1 10 EO 60 30 

C2 10 OO 60 30 

CHG: chlorhexidine digluconate; EO: eucalyptus oil; OO; olive oil 
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2.2.4.3. Determination of droplet size and polydispersity index 

The mean droplet size and polydispersity index of formed nanoemulsions were determined by 

using Zetasizer Nano ZS (Malvern Instruments, Malvern, UK). The system was equilibrated 

for 60 seconds before each measurement at 25 °C. In order to warrant that the light scattering 

signals must be in the sensitivity range of the instrument, the samples were diluted using 

deionised water. The measurement performed at 90° scattering and were taken in triplicate 

(n=3).   

2.2.4.4. Determination of zeta-potential charge  

Zeta potential of prepared nanoemulsion samples were measured using a Zetasizer Nano ZS 

(Malvern Instruments, Malvern, UK) which is based on the principle of electrophoresis. The 

samples were placed in the zeta dip cell for 2 minutes prior to readings in order for the system 

reach to equilibrium. All measurements were made in triplicate (n=3).  

2.2.5. In-vitro permeation studies using vertical Franz diffusion cell  

2.2.5.1. Preparation of permeation media  

Sodium phosphate buffer solution, pH 7.4, was prepared using disodium hydrogen 

orthophosphate and sodium dihydrogen orthophosphate salts. Moreover, 1% sodium lauryl 

sulfate (SLS) was added before the commencement of triclosan nanoemulsion permeation 

experiments in order to ensure solubility of the drug in the solution. For chlorhexidine 

nanoemulsion, sodium phosphate buffer solution, pH 7.4, was used without SLS. 

2.2.5.2. In-vitro permeation studies using Franz diffusion cells 

Prior to the beginning of each experiment, frozen excised full-thickness porcine ear skin was 

defrosted for 30 min and then hydrated by immersing in phosphate buffer saline (PBS) pH 7.4 

solution for 60 min. The skin was precisely cut in sections and mounted on the vertical diffusion 
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cell with stratum corneum facing upward toward the donor compartment and dermis facing 

downward towards the receiver compartment. The formulation was applied in the donor 

compartment and the receiver compartment contained permeation media as described in section 

2.2.5.1. To temperature was maintained at 32°C using a circulating water which was 

maintained at 37 °C for 240 min with a stirring speed of 200 rpm. Nanoemulsion formulations 

of TCS (10 mg/g equivalent) and CHG (20 mg/g equivalent) or similar concentration of control 

solutions were loaded in the donor compartment and in order to avoid evaporation of 

nanoemulsions the compartments were sealed with Parafilm. After specified times (30, 60, 120, 

180, 240 and 360 min) 500 µl aliquot was taken from the receiver compartment and replaced 

with respective fresh permeation media. All the samples of analysed using HPLC and 

cumulative permeated amount of TCS and CHG were quantified using HPLC methods 

described in section 2.2.1.1 and 2.2.1.2, respectively.  At the end of the permeation experiments 

the skin samples were carefully removed and were soaked overnight in ethanol at room 

temperature. The amount of TCS and CHG retained in the skin were quantified using HPLC.  

The flux and permeability coefficient were measured to support permeation profiles. The mass 

flux (Jss) is a parameter indicating permeation rate and can be found through the slope achieved 

by plotting the cumulative amount of drug permeated through cross-sectional area of 

membrane versus time [187]. The permeability coefficient can be calculated by the following 

equation: 

Kp = Jss/C0 

Which Kp is the permeation coefficient of the solute, Jss is the flux and C0 is the initial 

concentration of tested drug in the donor department [188]. 
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CHAPTER 3 
RESULTS AND DISCUSSION 
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3.  Results and discussion  

3.1. Preparation and optimisation of nanoemulsions  

The coarse emulsions containing chlorhexidine digluconate (C1 and C2) were milky yellow in 

colour. They exhibited phase separation within a few minutes which is indicative of kinetic 

instability. After emulsification, the appearance of both C1 and C2-coded samples became 

yellow transparent, clear and homogenous. Likewise, following the ultrasonication, triclosan 

loading emulsions (T1 and T2 formulations) were changed from milky white to bluish and 

translucent in performance with no sign of phase separation was visually detected (Figure 3.1).  

The homogenous and pellucid visual appearance stems from the Rayleigh scattering effect 

resulted by nanosized particles [189,190].  

 

 

Figure 3.1 Triclosan emulsion appearance before and after homogenization 

 

Factors that impact the ultrasonication process were taken into account when preparing the 

nanoemulsions. Precisely, based on the experiments of Sugumar et al. (2013) [191], the 

processing time was up to 30 min and the amplitude was set up at 40 -50%. Combining one 

hydrophilic surfactant (Tween) with another lipophilic one (Span) demonstrated to favorably 

achieve nanoscale and more stable emulsion than single-used surfactant [192]. Precisely, the 

hydrocarbon chains of Span molecules show affinity with oil part, while the sorbitan rings tend 
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to connect with the aqueous part. The width of sorbitan ring prevent hydrocarbon chains from 

moving close together . In contrast, Tween composes of very strong hydrophilic 

polyoxyethylene chains so that a part of hydrocarbon chain lies in the water phase. As Tween 

with Span are blended, the part of hydrocarbon chains of Tween which lies in oil phase will 

penetrate between Span molecules, thus reducing distance between the adjacent hydrocarbon 

chains [193]. Different oil and surfactant contents were also tested to select optimum 

formulations for further assessments. For triclosan nanoemulsions, a lower concentration of 

surfactants was used, but the oil phase inadequately dispersed into water phase. In case of 

chlorhexidine nanoemulsion, the relatively low content of water phase led to the formulation 

become too viscous to homogenize. Finally, the formulations of triclosan nanoemulsion which 

comprised 3% of surfactant mixtures and 6% of oil and the one of chlorhexidine with 30% of 

emulsifiers and 60% oil were selected for further study based on visual inspection of relative 

stability. 

 

 

 

 

Figure 3.2 Four obtained nanoemulsion formulations of chlorhexidine digluconate and 

triclosan (From left to right: T1, T1, C1 and C2) 

 

3.2. Physicochemical characterisation of nanoemulsions 
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3.2.1. Content uniformity of nanoemulsions 

The drug content of four nanoemulsion samples are shown in Figure 3.3. Drug entrapment 

efficiency (DEE) is parameter used to measure the capacity of nano-structured delivery systems 

to preserve active compound and to secure transport sufficient content of drugs to desired 

targets [194].    

In the present study, DEE for C1, C2, T1 and T2 formulations are 78.56 ± 1.49 %, 82.18 ± 7.87 

%, 77.20 ± 4.00 %, 80.58 ± 7.87 %, respectively. There was no significant difference between 

the % DEE of EO-nanoemulsions and OO-nanoemulsions (p> 0.05).  The loss of drug may be 

due to degradation during the homogenisation process.  

 

Figure 3.3 The percentage of drug encapsulation within each nanoemulsion system (Mean ± 

SD, n=3) 

3.2.2. pH of nanoemulsions  

The natural slightly acidic pH of human skin surface plays a crucial role in the maintenance of 

cutaneous protection, particularly in controlling the enzymatic activities in lipid metabolism as 

well as the anti-microbial properties on the skin surface [195]. The disruption of skin pH barrier 

may irritate the skin leading to, for instance, atopic dermatitis and psoriasis. Therefore, the pH 
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of topical preparations should be compatible with the physiological acidic mantle on the 

stratum corneum, which is around 5.5, in order to protect the natural skin defense mechanism 

as well as not causing any irritations [11,196].  

The pHs of the formulations are shown in Figure 3.4, indicating that the prepared formulations 

would be suitable for external applications.  

The acidic pH of obtained nanoemulsions may attributed to the free fatty acids content 

presented in formulations, which are arisen from the hydrolysis of the surfactant molecules and 

triglycerides in oil component [197].  Similarly, the oil in water nanoemulsion developed by de 

Godoi et al. (2017), which comprised 5% Eucalyptus globulus oil, 2% Span 80 and 2% Tween 

80 had a pH of 4.68 [181].  

 

 

Figure 3.4 pH of nanoemulsion formulations (Mean ± SD, n=3). 

 

3.2.3. Droplet size and PDI of nanoemulsions  

The mean droplet size (MDS) along with polydispersity index (PDI) are particularly deemed 

important indicators used to describe the stability, homogeneity and dispersity of 

nanoemulsions [198,199]. The emulsion systems with the size in nano-range and well distributed 
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particles indicated a homogeneous structure, leading to kinetic stability resisting flocculation, 

gravitational separation, Ostwald ripening and coalescence [200-202]. 

All of four nanoemulsion represented droplet sizes below 115 nm, which accounts for the 

transparent appearance of obtained formulations due to the Rayleigh scattering effect as the 

size of droplets smaller than the wavelength of incident light [190]. There was insignificant 

difference (p>0.05) in droplet size of T1 and T2 nanoemulsion formulations, which are 52.09 

± 0.648nm and 50.92 ± 1.088 nm, respectively. In the other hand, the CHG based nanoemulsion 

formulation containing EO have significantly smaller size diameter of globules than the one 

containing OO, which are 11.42 ± 3.427 and 112.40 ± 6.185 nm, respectively (p<0.05). It also 

can be seen that droplet size of T1 and T2 were smaller than that of C2, which may be due to 

the less amount of oil content in T1 and T2 formulations, leading to lower viscosity, thus 

increasing the cavitation intensity and shear forces during ultrasonic homogenization and 

escalating the droplet breakdown [203]. Moreover, the size distribution graphs in Figure 3.6 of 

all the developed formulations presents only one peak, that pointed out the uniformity of 

droplet size distribution within each formula [204]. Tahir and colleagues optimized emulsifying 

conditions in order to attain and optimized nanoemulsion formulation containing 4% olive oil 

and 2.08 % surfactant, which had a droplet size of 151.68 nm [203]. Droplets with the size in 

nano-range not only ensure kinetic stability of formulations due to the preponderance of 

Brownian motion against gravitational force, but also provide a broader interface area for 

interactions and allow active substances to diffuse favorably through the skin [205].   
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Figure 3.5 Droplet size of prepared nanoemulsion formulations (Mean ± SD, n=3) 

 

 

 

 

C1 C2 T1 T2

0

20

40

60

80

100

120

140

Samples

D
ro

p
le

t 
si

ze
 (

n
m

)

(a) 

(b) 



68  

 

 

 

 

Figure 3.6 Size distribution of prepared nanoemulsions, (a): C1; (b): C2; (c): T1; (d): T2. 

 

In addition, the polydispersity index of the prepared formulations was found to range from 0.15 

to 0.41, which reflected the narrow difference in the average size between droplets. The PDI is 

a parameter inversely proportional to the stability and homogeneity of colloidal systems. A 

lower PDI is generally indicates a more stable nanoemulsion [206]. It can be seen from figure 

3.7 that T2 formulation is deemed to be the most homogeneous and potentially the most stable 

with the lowest PDI value of 0.156. Quatrin et al. (2017) developed nanoemulsion using 5% of 

eucalyptus oil which showed the droplet size below 100 nm and the PDI of 0.22 [197]. 

Nanoemulsion containing chlorhexidine hydrochloride was formulated as potential root canal 

irrigant and perform the droplet size of 12.18 nm and the PDI was found to be lower than 0.2 

(c) 

(d) 
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[207].  

  

Figure 3.7 Polydispersity index of prepared nanoemulsions (Mean ± SD, n=3) 

 

3.2.4. Zeta potential of nanoemulsions  

Zeta-potential (ζ-potential) (ZP) test is used to measure the electrical surface charge of particles 

[208]. The magnitude of ζ-potential is one of the most crucial indicators of the physical stability 

of the colloidal dispersion systems through providing information about the interactions 

between droplets [192]. The higher ζ-potential value, the stronger repulsive forces between 

droplets against natural tendency of aggregation [201].  

In this study, the T1, T2 nanoemulsions manifested negative ZP values, which were -34.3 ± 

0.90 mV and -36.4 ± 0.93 mV, respectively. Nanoemulsion systems with zeta potentials lower 

than -30 mV tend to be stable and resistant to aggregation and flocculation as attractive 

interactions seem to be weaker than repulsive interactions [209]. Similar zeta charge of -33.3 

mV was observed with the nanoemulsion using tween 20 as emulsifier and olive oil as oil phase 

[183].  

Maruno and Rocha-Filho also signified the negative ZP of oil in water nanoemulsions yielded 

with a combination of nonionic emulsifiers. The negative surface charge on the emulsion 
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particles are probably attributed to hydrogen bonding at the ether-oxygen of the 

polyoxyethylene chain in nonionic surfactant molecular, subsequently to form oxonium ions 

[210].  

In contrast, the C1 and C2 coded chlorhexidine digluconate formulations showed positive 

surface charge of +24.01 ± 6.35 mV and +20.95 ± 9.11 mV, respectively. According to Honary 

et al. (2013), as incorporating with non-ionic emulsifiers which mainly stabilized the colloidal 

systems by steric effects, the absolute zeta potential values approximate 20 mV are sufficient 

for the stability of the nano-suspensions [211]. The positive charge of CHG molecule may 

contribute to the positive charged nanoemulsion droplet [148].  

 

 

Figure 3.8 The absolute value of surface electrical charge of nanoemulsions (Mean ± SD, 

n=3) 

 

3.3. In vitro permeation studies  

The evaluation of percutaneous permeation is an essential criterion not only for the success of 

design and development of novel dermal and transdermal formulations, but also for the 

establishment of drug bioavailability. In the pharmaceutical industry, the skin permeation test 
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is also a useful tool for quality-control assessment to secure batch-to-batch uniformity [212-

214]. In the present study, in vitro skin permeation experiments were performed to evaluate the 

influence of nano-structure and oil type used in emulsion on diffusion ability of both 

hydrophilic and hydrophobic drugs through skin, compared to conventional dosage forms. 

Also, full-thickness porcine ear skin was selected as diffusion cell membrane not only due to 

its availability but also its compatibility with physiological and structural characteristics of 

human skin, in terms of hair follicles; the distribution of Langerhans cells; keratinized, 

multilayered and stratified epidermis; stratum corneum layer thickness (10 to 50 µm in human 

and 15 µm in pigs); the viable epidermis thickness (80 µm of human skin and 60 µm of porcine 

skin) and collagen bundles organization in the dermis [215-217].  

 

Figure 3.9 Histological similarity of porcine (A) and human (B) skin. HF: hair follicle, Mu 

and arrowhead: arrector pili muscle, SwG: Sweat gland, SG: sebaceous gland, Ad: 

Adipocytes (hypodermis), reprinted from [217]. 

  

The amount of triclosan permeated through full thickness porcine ear skin from two 

nanoemulsions (T1, T2) and a control solution are described in figure 3.10. The flux and 

permeability coefficient are summarized in table 3.1. It can be seen that extensively higher 

amount of triclosan from eucalyptus oil nanoemulsion detected in the receiver medium at all 

points of analysis time, compared to that from olive oil nanoemulsion and 0.5% TCS solution. 



72  

 

 

Figure 3.10 The amount of triclosan permeated through skin qualified in specific intervals 

(Mean± SD, n=3) 

 

The Jss of T1 was 6.6 times and 2.1 times higher than that of control and T2, respectively. 

Compared to the Jss of control, that of T2 was increased by about 3.16-fold. This indicates that 

EO nanoemulsion was more effective at transferring lipophilic drugs through dermal route than 

other forms. This findings is in agreement with the study of Kakadia (2016), which showed 

that EO-NEs exhibited 2.6 times higher of the skin permeation of TCS than OO-NEs under the 

same conditions, which could be due to lower viscosity and smaller droplet size [148]. 

Additionally, Chen Liu et al. (2017) demonstrated that nanoemulsion using terpene mixture 

(mentol-camphor) intensified the percutaneous permeation of poorly-water soluble glabridin 

by approximately 7.4 times, compared to solution [218].  

There are several available explanations proposed for skin permeation improvement of 

hydrophobic drugs using nanoemulsions, The NE components (like fatty acids, surfactants, 

terpenes) can act as penetration enhancers, which potentially disrupt the bilayer lipid domains 

of the SC barrier, and create greatly passable pathways for drug diffusion [219]. Nanoemulsions 

using eucalyptol and oleic acid as penetration enhancers significantly increased skin 
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penetration of caffeine and naproxen, in comparison to control solutions. [178] The author 

proposed several mechanisms for that effect, including increased solubility of actives in the 

stratum corneum, enhanced the fluidization of the phospholipid bilayer as well as improved the 

distribution  of drug carrier into the SC. The oil droplet in nano-size is advantageous to provide 

a large available surface between active molecules with membrane [220]. A nanoemulsion gel 

formulation was demonstrated to increase permeation ability of glibenclamide through skin, 

which was attributed to the very small droplet size [221]. Furthermore, it was reported that 

nanoemulsions play an important role in changing the partition of drug into skin sections due 

to small droplets, thus raise effectively skin penetration and retention of active components 

[220].  

The EO-NE was more effective in improving skin permeation of TCS than the OO-NE. This 

may be due to the higher solubility of TCS in EO as reported by Kakadia (2016). Eman Abd et 

al. also pointed out that the amount of hydrophilic minoxidil permeated through full thickness 

human skin from a nanoemulsion formulated with eucalyptol was significantly higher than that 

of the formulation using oleic acid [174]. Similarly, eucalyptol nanoemulsions were superior in 

the skin permeation enhancement of caffeine after 24 compared to oleic acid NEs, taking into 

account both the cumulative amount permeated through skin and the flux. Moreover, the 

amount of caffeine retained in skin as well as in hair follicle from eucalyptol NEs was also 

found to be greater [179]. Both eucalyptol and oleic acid are well-known penetration enhancers. 

Yet, compared to terpenes whose primary effect is through enhancing SC solubilization and 

disrupting the SC barrier, leading to the advanced diffusivity, oleic acid only demonstrated a 

moderate impact on improving the drug diffusion [222]. 
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Table 3.1 Permeation parameters of triclosan nanoemulsions and 0.5% triclosan solution 

from in vitro permeation study (Mean± SD, n=3) 

 

Formulation Flux  
(Jss) µg/cm

2
/h 

Permeability coefficient 
Kp × 10

-5 
cm/h 

T1 0.363 ± 0.1 3.63 ± 1.01 
T2 0.174 ± 0.05 1.74 ± 0.50 

Control 0.055 ± 0.001 0.55 ± 0.01 

 

As described in Fig 3.11, after 30 min application, C1 produced a higher permeation of CHG 

than the control solution and C2, but after 1h, the accumulative amount of CHG permeated 

through skin from 2% CHG solution was higher than that from the nanoemulsions. Generally, 

this implies that nanoemulsion did not show any skin permeation enhancement over the 

aqueous solution, which may be attributed to the high content of oil in formulation which 

resulted in high viscosity. Furthermore, w/o formulation requires actives to transfer from inner 

phase to external phase, subsequently diffuse through external phase. This might lead ta slow 

drug release rate, and consequently poor skin permeation. A study investigated the skin 

permeation of  hydrophilic 5-aminolevulinic acid (ALA) as incorporated in w/o or o/w 

naneoemulsions., The best skin permeation was achieved by a soybean oil in water system, 

whilst w/o nanoemulsions also presented the lower in vitro flux than control solution [223]. In 

another work, it was reported that the w/o type nanoemulsion carrying metronidazole 

represented approximately 24.7-fold and 21.14-fold inferior of the flux value than optimum 

o/w type and gel form, respectively [224].  

The permeability parameters of CHG from C1, C2 and solution are displayed in table 3.2. The 

Kp of control solution (13.01 × 10-5 cm/h) was about 2.3-fold and 3.5-fold higher than that of 

C1 (5.70 × 10-5 cm/h) and C2 (3.71 × 10-5 cm/h), respectively. The C1 exhibited 1.5 times 

higher skin permeability than that of C2, which could be due to smaller droplet size of C1.   
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Figure 3.11 The amount of chlorhexidine permeated through skin qualified in specific intervals 

(Mean± SD, n=3) 
 

 

Table 3.2 The in vitro permeability coefficient and flux of chlorhexidine digluconate 

nanoemulsions and 2% CHG solution (Mean± SD, n=3) 

 

Formulation Flux  

(Jss) µg/cm
2
/h 

Permeability coefficient 

Kp × 10
-5 

cm/h 

Control 1.30 ± 0.12 13.01 ± 1.21 

C1 0.57 ± 0.07 5.70 ± 0.72 

C2 0.37 ± 0.01 3.71 ± 1.04 

 

The results of drug retention analysis are presented in Fig. 3.12 and 3.13. After 24h, 

nanoemulsion formulations resulted in more drug being retained within skin than the drug 

solution, which indicate that nanoemulsion system has positive role on the retention of drug in 

skin. This would enable the active antiseptics to exert localised antimicrobial activity. EO-

nanoemulsions provide a more efficacious skin retention enhancement than OO-nanoemulsion. 

The amount of TCS detained within skin were found to be 5.63 ± 1.63, 2.34 ± 0.86, 0.88 ± 0.30 

µg/cm2 for T1, T2 and solution, respectively.  
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Figure 3.12 The amount of triclosan retained within skin after 24h (Mean ± SD, n=3). 

  

Eucalyptus oil nanoemulsion was able to preserve 4.32 ± 1.15 µg/cm2 CHG within skin, which 

is about 2.4-fold and 3.4-fold higher than that of olive oil nanoemulsion (1.73 ± 0.58 µg/cm2) 

and 2% CHG solution (1.26 ± 0.26 µg/cm2), respectively.  

Nanoemulsions increase drug retention in skin layers, which may be attributed to improving 

drug solubilisation and partitioning of drug between the carrier and epidermal layer. 

Nanoemulsions with very small droplet size can provide a larger surface for interaction with 

skin tissues as well as persistent drug release, thus producing continuous therapeutic activity 

in a localized site within skin. The interesting results from skin retention studies of Lucca et al. 

(2015) displayed that for a crude copaiba oil alone, the hydrophobic drug β-caryophyllene was 

only concentrated in the SC section. In contrast, using nanoemulsion incorporating the copaiba 

oil and using Span 80 and Tween 20 enabled the active to penetrate into deeper layers including 

the SC, epidermis and dermis, indicating that NEs are effective in  enhancing drug retention 

within skin layers [225]. Another study also found that a nanoemulsion comprised of Tween 80 

and PEG 400 as surfactant and co-surfactant deposited 45.65 ± 4.76% of resveratrol in rat skin, 

compared to 22.42 ± 1.32% from conventional aqueous dispersion [226]. Also, Yu et al. 
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developed successfully a nanoemulsion formulation to delivery metronidazole into target sites 

in skin. The in vitro and in vivo skin retention showed that after 24h, the amount of drug 

retained in skin was 164.75 µg/cm2 for NEs and 75.08 µg/cm2 for gel form, and metronidazole 

from NEs was detected in epidermis and dermis layers, which confirmed the  merits of NEs 

over gel [224].  

 

Figure 3.13 The amount of chlorhexidine retained within skin after 24h (Mean ± SD, n=3)  

 

Overall, it can be concluded that after exposure to the cutaneous surface, hydrophilic or 

lipophilic drug molecules will gradually diffuse from the nanoemulsion system through the 

superficial layer of the SC. A part of drug will be distributed into skin layer and will be 

maintained to exert continuous localized antimicrobial activity. Some of the drug may pass into 

blood vessels under skin and then enter the systemic circulation. The remaining active will 

still remain at the applied site on the skin surface. The potential diffusion pathways of actives is 

shown in Fig 3.14. 
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Figure 3.14 The schematic distribution of drugs after application as a function of time 
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CHAPTER 4 
 CONCLUSIONS
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4. Conclusions   

In the present contribution, nanoemulsions formulations carrying triclosan and chlorhexidine 

digluconate were formulated by using ultrasonic homogenization. Eucalyptus oil and olive oil 

were used as the oil phases. Both o/w TCS-containing nanoemulsions comprised of 3% oil and 

6% surfactants (Span 80 and Tween 20) as well as w/o CHG based nanoemulsion including 

60% oil and 30% Span 80 and Tween 80 mixture showed excellent visual transparent and 

homogeneous appearance. Based on the physicochemical characterization experiments, it was 

observed that all NEs formulation had droplet sizes smaller than 115 nm along with PDI from 

0.15 to 0.41, the pH values in lightly acidic range (4.60-6.80) and the absolute zeta potential 

values higher than 20 mV, indicating that all developed formulations could be stable and 

adaptable for topical application.  

According to the in vitro permeation test, the nanoemulsion which consisted of EO transferred 

the greatest amount of TCS through full thickness porcine skin than the one using OO or 

triclosan solution. Similarly, EO-NEs also appeared to be superior for drug retention within the 

skin after 24h, compared to OO-NEs and solution. These findings demonstrated that 

nanoemulsions are a promising candidate for topical dermal delivery of water-insoluble 

antiseptic agent.  

On the other hand, although the skin permeation from CHG loaded nanoemulsions were lower 

than 2% CHG solution, EO-OO was more effective at leading to CHG retention in skin than 

OO-NEs and solution, which may be advantageous for localized effect.  
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CHAPTER 5 
FUTURE WORK 
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5. Future work 

From the results achieved in this work, there are a number of investigations that could be 

carried out to which potentially extend the current work. Particularly, in order to strengthen the 

stability study, morphological evaluation should be performed, such as using transmission 

electron microscopy to view if particle is spherical shape. In addition, to support for permeation 

study, the drug distribution in skin layers should be visualized by using some techniques like 

micro computed tomography, or confocal laser scanning microscope. Based on the permeation 

findings, in vitro and in vivo antiseptic studies should be conducted to investigate antimicrobial 

effects of obtained nanoemulsions. These should be performed simultaneously with available 

marketing products of chlorhexidine and triclosan to compare their therapeutic efficacy.  
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Appendix 1 Summarised characteristics of traditional skin antiseptic formulations.  

 

Drug Concentration Formulation type Combination Carrier polymer Manufacturing 

technique 

Study characteristics Reference 

Chlorhexidine 

gluconate 

 Dermal polymeric 

patch 

 Eudragit RL100  To characterize 

properties of developed 

patches regarding their 

drug release and 

antimicrobial activity. 

[73] 

Chlorhexidine 

gluconate  

2% CHG in 

70% IPA 

Solution Acrylate 

copolymer 

  To test the effectiveness 

of a film-forming 

acrylate copolymer to a 

topical CHG-based 

preparation on 

minimizing CHG loss, 

compared to a CHG 

solution preparation 

available on the market.  

[113] 

Chlorhexidine 

gluconate 

 

 

2% CHG in 

70% IPA 

Solution    To contrast the residual 

effects of 2% CHG in 

70% IPA v/v and 1 % 

triclosan in 70 % IPA 

v/v on skin bacterial 

communities 

[70] 

Chlorhexidine 

gluconate 

 

2% CHG in 

70% IPA 

Solution    To compare the 

antiseptic activity 

between 10% sodium 

hypochlorite and 2% 

CHG in 70% IPA 

[108] 

Chlorhexidine 

gluconate  

2% CHG in 

70% ethanol 

Solution    To appraise the 

desiccation and ethanol 

[109] 



 

 resistances of MDAR-

Bs. To compare the 

antiseptic activities of a 

combination of CHG 

and 70% ethanol with 

the 70% ethanol 

disinfectants used for 

MDRAB-Bs. 

Chlorhexidine 

base 

 Mucoadhesive 

polymer patches 

 Psyllium and 

three types of 

semi-synthetic 

HPMC 

A casting-

solvent 

evaporation 

technique  

To test the effect of 

polysaccharide 

psyllium in the 

mucoadhesive patches 

for controlling the 

chlorhexidine release  

[116] 

Triclosan  Methoxy amidated 

pectin- based 

mucoadhesive 

buccal patch. 

 β-cyclodextrin  To develop buccal 

patches  

and determine drug 

release, antimicrobial 

and in vitro absorption 

of patches 

[115] 

Triclosan 0.3% Soap    To study the in vitro 

and in vivo antibacterial 

activity of triclosan in 

soap.  

[137] 

Triclosan 0.3% Shampoo    To assess the 

antimicrobial efficacy 

of the shampoo against 

bacteria and fungi 

[139] 

Povidone-

iodine 

10% Ointment    To compare the in vitro 

antibiofilm effect of 

diluted PVP-I ointment 

with other six tested 

[130] 



 

products against P. 

aeruginosa and multi-

species biofilms of C. 

albicans and MRSA. 

Povidone-

iodine 

4% PVP-I skin 

cleanser, 7.5% 

PVP-I surgical 

scrub, 10% 

PVP-I solution 

and 3.2% 

PVP-I/alcohol 

solution.  

Hand wash and 

hand rub 

   To study t in vitro 

potency of four 

different hand hygiene 

formulations of 

povidone iodine against 

EBOV 

[133] 

Povidone-

Iodine 

 Alginate hydrogels Vancomycin Vancomycin 

loaded chitosan 

nanoparticles 

(CNPs) by ionic 

gelation method 

Modified ionic 

gelation method 

To assess in vitro the 

release ability of 

vancomycin and PVP-I 

from the hydrogel 

To assess the 

bactericidal and 

antibiofilm efficacy of 

hydrogels 

[125] 

Povidone-

Iodine 

1% and 2% Solution    To analyse the 

effectiveness and safety 

of 1% or 2% PVP-I 

topical solution in 

patients with cancer 

therapy-associated 

paronychia during 6-8 

weeks.  

 

[114] 

Thiolated 

PVP and  

Thiolated 

 Solution 2-(2-acryloyl – 

Ethyl 

disulfanyl)-

  To test in vitro 

mucoadhesive 

properties and the 

[124] 



 

PVP-iodine 

complex 

nicotinic acid 

(ACENA) 

release of iodine from 

thiolated PVP-Iodine 

complexes 

Isopropanol  75% (w/w) Hand rub Glycerol 

0.725% (w/w) 

  To investigate the role 

of glycerol in pre-

surgical hand rub 

products, based on EN 

12791, especially after 

3 hours of application. 

[227] 

Isopropyl 

alcohol 

 

70% (v/v) Solution    To study the potency of 

isopropyl alcohol and 

chlorhexidine in the 

prevention of blood 

cultures impurities.  

[111] 

Ethanol 96% Solution Isopropanol-

30g and 

ortophenilphen

ol-0.1g 

  To determine the effect 

of the combination of 

96% ethanol, 30g 

isopropanol, 0.1g 

ortophenilphenol and 

PVP-I in minimizing 

surgical-site infections, 

compared to that of 

single use PVP-I.  

[112] 

Silver 

Chloride 

 Colloidal solution    To study the suspension 

potency on the 

autotrophic and 

heterotrophic growth 

[154] 

Benzethoniu

m chloride 

(BZT) 

0.2% Lotion    To test the 

antimicrobial efficacy 

of an ethanol- based 

antiseptic and water-

based antiseptic 

[126] 



 

products containing 

0.2% BZT 

Tea tree oil 3% Soap    To assess the potency 

of 0.3% Melaleuca 

alternifolia essential oil 

versus 0.5% triclosan 

hand soap formulations 

[140] 

Tea tree oil   Tea tree 10% 

cream, tea tree 5% 

body wash 

   To compare the 

efficacy of the 

combination of tea tree 

10% cream and tea tree 

5% body wash with the 

standard theory in 

eliminating MRSA.  

[131] 

Triclosan 0.1%–0.45% 

w/v 

Soap    To evaluate the efficacy 

of soaps with and 

without triclosan and 

investigate potential 

hazards in the 

emergence of antibiotic 

resistance 

[135] 

Tea tree oil  4% tea tree oil 

nasal ointment and 

5% tea tree oil 

body wash 

   To compare the ability 

to eradicate MRSA 

between the 

combination of a 4% 

tea tree oil nasal 

ointment and 5% tea 

tree oil body wash with 

a standard theory of 2% 

mupirocin nasal 

ointment and triclosan 

body wash 

 



 

Appendix 2. Summarised characteristics of advanced skin antiseptic formulations. 

Drug Concentration Formulation type Combination Carrier polymer Manufacturing 

technique 

Study characteristics Reference 

Chlorhexidine 

gluconate 

0.2%  Nanogel containing 

magnetic Cobalt 

iron oxide 

nanoparticles 

 Chitosan and 

gelatin 

Solution casting 

method  

To investigate the 

release and pH-

dependent response of 

chlorhexidine 

gluconate from a 

magnetic nanogel.  

[153] 

Chlorhexidine 

base  

 Poly(epsilon-

caprolactone) 

nanocapsules 

 Poly(epsilon-

caprolactone) 

Solvent 

displacement 

method 

To evaluate the 

antibacterial ability of 

poly(epsilon-

caprolactone) 

nanocapsules 

containing 

chlorhexidine base 

and the absorption of 

active into the SC 

[162] 

Chlorhexidine 

base 

 α-, β-, and γ-

cyclodextrin 

methacrylate (CD-

MA) containing 

poly (methyl 

methacrylate) 

(PMMA) based 

nanogels 

  The radical 

precipitation 

polymerization 

technique. 

To study the capacity 

of chlorhexidine base 

in PMMA nanogels. 

To assess the 

bactericidal against 

Staphylococcus 

aureus of CD-PA 

nanogels 

[152] 

Chlorhexidine 

digluconate 

 Nanoemulsions Eucalyptus oil 

(EO) or Olive 

oil (OO) 

 HSH followed 

by probe 

ultrasonication 

To investigate the 

drug release, skin 

permeation and 

retention of CHG 

from nanoemulsions.  

[148] 



 

To valuate impact of 

methacrylate powder 

dressing in controlling 

the CHG release.  

Triclosan  Chitosan-coated 

nanocapsule 

 Poly(epsilon-

caprolactone) 

(PCL) 

Interfacial 

deposition of 

preformed 

polymers 

To characterize 

properties of 

nanocapsule 

comprised of α-

bisabolol and 

triclosan. 

To study the 

antimicrobial activity 

against tested 

pathogens 

To testify the 

compatibility as 

incorporating 

nanocapsule into 

wound dressings 

[165] 

Triclosan 10%, 30% and 

50% 

PLLA/triclosan 

nanoparticles  

 Poly-L-lactide 

(PLLA) 

Emulsification –

diffusion 

technique 

To evaluate the 

release of triclosan 

from the PLLA 

nanoparticles and its 

antimicrobial 

activities  

[160] 

Triclosan 0.5 % w/w Nanoparticles 

stabilized by 

branched diblock 

copolymers 

 Branched diblock 

copolymers: 

PEG-b-PNIPAM 

(BDP 1); PEG-b-

PBMA (BDP 2); 

PEG-b-PSty 

(BDP 3) 

Emulsion-

freeze-drying 

technique 

To assess fungicidal 

ability against C. 

albicans of triclosan 

nanoparticles  

[158] 



 

Triclosan  Nanoparticles  Eudragit E 100 Emulsification–

diffusion by 

solvent 

displacement 

method 

To compare in vitro 

percutaneous 

permeation of 

nanoparticles 

containing triclosan, 

with two commercial 

formulations used for 

treating acne, 

including a solution 

and an o/w emulsion 

[157] 

Triclosan  Solid lipid 

nanoparticles 

(SLNs) 

 Glyceryl behenate 

(GB) and 

Glyceryl 

palmitostearate 

(GP) 

Hot HSH 

followed by 

probe 

ultrasonication 

To investigate the 

impact of SLNs in 

delivery TCS to 

deeper skin layers and 

hair follicles and 

compare the 

permeation ability of 

GB-SLNs and GP-

SLNs. 

[148] 

Triclosan  Nanoemulsions Eucalyptus oil 

(EO) or Olive 

oil (OO) 

 HSH followed 

by probe 

ultrasonication  

method 

To develop and 

characterise stable 

nanoemulsion 

formulations. 

To evaluate the ability 

of NEs in improving 

skin retention of TCS 

[148] 

Tea tree 

essential oil 

(TTO) 
 

10.0 mg mL-1 Nanoemulsions 

(TTO-NE) and 

polymeric 

nanocapsules 

(TTO-NC) 

 Poly(e-

caprolactone) 

TTO-NE: 

spontaneous 

emulsification 

and TTO-NC: 

interfacial 

deposition of the 

To investigate the in 

vitro fungicidal 

potency against 

Trichophyton rubrum 

of TTO-NE and TTO-

NC systems.  

[163] 



 

preformed 

polymer 

methods 

Tea tree 

essential oil 

(TTO) 

 Hydrogels 

containing 

Nanoemulsions and 

nanocapsules  

 Poly(e-

caprolactone) 

Nanoemulsion: 

spontaneous 

emulsification 

Nanocapsules: 

interfacial 

deposition of 

preformed 

polymer 

To evaluate 

physicochemical 

properties of 

hydrogels and their 

efficacy in wound 

healing and protecting 

skin from UV-B rays 

[164] 

Tea tree oil 

(TTO) 

 Emulgel (EG) 

containing TTO-

loaded 

nanoemulsion (NE) 

  Nanoemulsion: 

High energy 

emulsification 

To evaluate the 

physicochemical 

properties, the ex vivo 

penetration, 

antimicrobial potency 

and safety of topical 

emulgel.  

[149] 

Tea tree oil 

(TTO) 

 Nanoemulsions 

(NE) 

Silver 

nanoparticles 

(Ag-NPs) 

  To investigate 

cytotoxicity as well as 

antimicrobial ability 

of the prepared 

nanoemulsions against 

clindamycin-resistant 

Escherichia coli and 

S. aureus 

To appraise the 

synergistic effect of 

TTO NE and Ag NPs 

against tested 

microorganisms.  
 

[150] 



 

Silver  Silver nanoparticle 

(Ag NPs) 

 Polyvinyl alcohol 

(PVA) 

 To estimate the 

suspension efficacy on 

the autotrophic and 

heterotrophic growth 

To investigate silver 

species properties 

[154] 

Benzalkonium 

chloride (BZK) 

0.6% BZK for 

in vitro studies 

and 0.2% BZK 

for in vivo 

studies.  

Nanoemulsion  EDTA High-energy 

homogenization 

using high shear 

conditions 

To evaluate the in 

vitro and in vivo 

antimicrobial effect 

against isolated 

bacterial species.  

[146] 

Cetylpyridinium 

chloride (CPC)  

 Oil in water 

nanoemulsions 

   To assess the 

fungicidal potency 

[145] 

Polyhexanide 

(PHMB) 

0.05% nanoparticle-

emulsion 

 Lipofundin® 

MCT 20% 

 To contrast the 

effectiveness of a 

particle- and non-

particle antiseptic 

formula 

[156] 

Poly-

hexamethylene 

biguanide 

hydrochloride 

(PHMB) 

And 

cetylpyridinium 

chloride (CPC) 

0.2 and 2.0% 

(w/w) of 

PHMB 

0.05 and 2.5% 

(w/w) of CPC 

Liquid crystalline 

systems (LCS) 

 glyceryl 

monooleate 

(GMO)  

 To investigate the 

release of PHMB from 

liquid crystalline 

systems, and its 

antimicrobial activity 

as incorporated into 

these systems 

[134] 

Octenidine 

dihydrochloride 

0.1% Phosphatidylcholin

e formulation 

Soybean 

phosphatidylch

oline 

(Phospholipon 

90G) 

  To assess the 

antimicrobial potency 

of octenidine 

formulations 

[166] 



 

 


