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Abstract: A novel formulation technology called AKVANO® has been developed with the aim to 

provide a tuneable and versatile drug delivery system for topical administration. The vehicle is 

based on a water-free lipid formulation where selected lipids, mainly phospholipids rich in phos-

phatidylcholine, are dissolved in a volatile solvent, such as ethanol. With the aim of describing the 

basic properties of the system, the following physicochemical methods were used: viscometry, dy-

namic light scattering, NMR diffusometry, and atomic force microscopy. AKVANO formulations 

are non-viscous, with virtually no or very minute aggregates formed, and when applied to the skin, 

e.g., by spraying, a thin film consisting of lipid bilayer structures is formed. Standardized in vitro 

microbiological and irritation tests show that AKVANO formulations meet criteria for antibacterial, 

antifungal, and antiviral activities and, at the same time, are being investigated as a non-irritant to 

the skin and eye. The ethanol content in AKVANO facilitates incorporation of many active pharma-

ceutical ingredients (>80 successfully tested) and the phospholipids seem to act as a solubilizer in 

the formulation. In vitro skin permeation experiments using Strat-M® membranes have shown that 

AKVANO formulations can be designed to alter the penetration of active ingredients by changing 

the lipid composition. 

Keywords: topical drug delivery; phospholipids; physicochemical methods; atomic force  

microscopy; antibacterial; antiviral; antifungal; in vitro skin irritation; in vitro eye irritation; in vitro 

skin permeation 

 

1. Introduction 

Topically administered pharmaceutical and cosmetic products could be designed to 

exert their action locally, regionally, or systemically. Within each of these categories, the 

target site could be more or less defined. Products for local action could, for instance, tar-

get the skin surface, viable epidermis, dermis, or skin appendages such as hair follicles. 

The target could also be nerves or muscles or to achieve absorption by the circulatory 

system (transdermal delivery). Each of these delivery routes demands a well-designed 

formulation system, which also must take into consideration aspects such as solubility 

and stability of the active ingredient. 

This is the first publication describing a novel topical delivery system called AK-

VANO® (an abbreviation for “water-free”), which is aimed to be tuneable to target the 

desired site, while minimizing local irritation and providing a convenient mode of appli-
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cation for the user. The AKVANO technology is a formulation platform for topical deliv-

ery of various pharmaceutical ingredients but has also found use in consumer health care 

products and topical products for animal care. It is based on water-free lipid formulations 

where phospholipids and elective active ingredients are dissolved in volatile solvents. 

Membrane-forming lipids like phospholipids display a rich phase behaviour in wa-

ter. These lipids do not dissolve in water. Instead, due to their amphiphilicity, they inter-

act with water in different ways depending on their chemical structure, concentration, 

and temperature [1]. Different liquid crystalline structures may be formed, such as lamel-

lar bilayers and reversed hexagonal phases [2]. These phases are formed at a relatively 

low concentration in water and are highly viscous. Upon further dilution with water, col-

loidal dispersions are formed, most notably the vesicles and liposomes are formed from 

lamellar phases. Dispersions are thermodynamically unstable but may be kinetically sta-

bilised to slow down the phase separation process [3]. Dispersions are normally opaque 

or cloudy due to the large sizes of the colloids which give rise to significant light scattering 

[2]. 

The AKVANO drug delivery system is based on the idea of utilizing a liquid lipid 

system without any interactions between lipids and water. The system therefore consists 

of lipids dissolved in a water-free solvent system. Suitable solvents are volatile alcohols 

and silicone oils. Such solutions have a low viscosity even with a relatively high concen-

tration of lipids, e.g., 25% by weight or more, and good incorporation ability for drugs 

and excipients. AKVANO formulations can be easily applied to the skin, e.g., by spraying. 

Due to the evaporation of the volatile solvent, it results in a thin lipid film containing the 

active ingredient. 

The principal composition of the AKVANO system is a membrane-forming lipid, i.e., 

a double-chain lipid in a volatile solvent system. Since skin lipids are organised in bilayer 

structures [4], lipids that are able to form bilayers, such as phosphatidylcholine, are con-

sidered as especially useful. By adding other lipid types, e.g., single-chain lipids, the com-

position is variable and can be adapted to specific applications, e.g., to a specific active 

pharmaceutical ingredient or to a specific function or layer of the skin (thus providing 

protection or enhancing penetration). The AKVANO solvent is typically a short-chain al-

cohol such as ethanol. In contrast to water ethanol, it can dissolve the lipids, forming an 

unorganised (isotropic) solution in which the lipid molecules are apparently molecularly 

dispersed. The absence of organisation, i.e., no significant presence of ordered self-assem-

bled aggregates, makes the solution low-viscous, with a viscosity close to that of the neat 

solvent. A solution is also thermodynamically stable. Alcohols are not only good solvents 

for lipids, but also for a great number of active ingredients, which is an additional ad-

vantage. The alcohol can be mixed with other volatile solvents such as siloxanes, both 

cyclic (e.g., cyclomethicone) and short straight-chain siloxanes (e.g., hexamethyldisilox-

ane). 

Several AKVANO compositions have already been described in a series of published 

patents (list attached). To date, more than 80 active ingredients have been successfully 

incorporated into AKVANO that are forming clear and stable low-viscous solutions, and 

for some active pharmaceutical ingredients (APIs), the phospholipids act as a solubilisa-

tion agent. In this article, the results from several in vitro tests are described. The solution 

properties of some AKVANO compositions have been characterised by viscometry, dy-

namic light scattering, and NMR diffusometry, comparing two types of lipids (one mem-

brane forming and one more prone to form reversed hexagonal phases). To study the be-

haviour of AKVANO formulations after application and subsequent evaporation of the 

volatile solvent, the properties of the films obtained for those formulations have also been 

studied by atomic force microscopy. Additionally, bactericidal, fungicidal, and virucidal 

properties of AKVANO formulations and results from in vitro skin and eye irritation tests 

are reported. Finally, in vitro permeation results for AKVANO formulations of keto-

profen, diclofenac diethylamine, and diclofenac sodium using artificial membranes are 

presented in this article. 
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2. Materials and Methods 

2.1. Composition of AKVANO 

The composition of AKVANO has been developed with the aim of integrating lipid 

soluble ingredients into the polar lipids while achieving a clear appearance and a low 

viscosity of the resulting cutaneous solution. The major portion of the total content of this 

solution (up to 80% or more) rapidly evaporates within minutes after application to skin, 

resulting in formation of a polar lipid film containing the active pharmaceutical ingredi-

ent. The principal pharmaceutical excipients in AKVANO are described below. 

2.1.1. Lipids 

The polar lipid component is normally based on phospholipids from soybean or 

other plant material. In addition, single chain lipids such as monoglycerides, isopropyl 

myristate (IPM), or other fatty acid alcohol esters can be added. The total concentration of 

lipids is normally in the range of 5% to 25% by weight. 

2.1.2. Alcohol 

The preferred alcohol is ethanol and, normally, an anhydrous quality is used to avoid 

unnecessary addition of water. A typical concentration of alcohol is from 20% up to as 

high as 95% by weight. Ethanol is an efficient preservative for AKVANO and, accordingly, 

no additional preservative is needed to be added to the formulation. For non-pharmaceu-

tical products, and depending on national legislation, ethanol may have to be denatured. 

A denaturing system based on different short chain alcohols such as 2-propanol and tert-

butanol is usually preferred. 

2.1.3. Keratolytic Agents 

In some applications, as is the case with other topical dosage forms, addition of ker-

atolytic agents can be beneficial. Examples of keratolytic agents suitable to be used with 

AKVANO are α- and β-hydroxy acids, such as glycolic acid, lactic acid, malic acid, sali-

cylic acid, and their salts. Another suitable keratolytic substance is urea. 

2.1.4. Silicone Oil 

Part of the volatile solvent system can consist of volatile silicone oil such as a cy-

clomethicone, or specifically decamethylcyclopentasiloxane (also denoted as cyclomethi-

cone D5). It is a fully methylated cyclic siloxane containing five repeating units of the for-

mula ((CH3)2SiO–). It is used in a concentration of up to 60% by weight. Despite a rather 

high boiling point, cyclomethicone D5 has a high volatility due to its low enthalpy of va-

porization. This gives a ’dry´ feeling when applied to the skin (no cooling). 

2.1.5. Active Agents 

As mentioned earlier, many active substances have been tested in AKVANO and 

some are listed in the patent applications. The successfully tested substances in our lab 

typically have a positive logKow and a molecular weight below 1000 g/mol. Examples of 

drugs that have been tested are anti-psoriatic, anti-acne, anti-eczema, antimicrobial, anti-

inflammatory, antifungal, and wound healing agents, as well as local anaesthetics and 

non-steroidal anti-inflammatory drugs (NSAIDs). 

2.1.6. Additional Components 

Depending on the desired properties of the final formulation, other substances such 

as fragrances, essential oils, and thickeners can be added. 
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2.2. Preparation of AKVANO 

In brief, a general procedure to prepare an AKVANO formulation can be described 

as follows. Phospholipids with additional lipids are weighed and mixed with part of the 

ethanol until a clear solution is obtained. In a separate vial, active pharmaceutical or cos-

metic ingredient(s) are weighed and dissolved in the remaining ethanol. The mixture is 

stirred using a magnetic stirrer or impeller until a clear solution is obtained and, finally, 

active solution and, optionally, a silicone oil (such as cyclomethicone) is added. Depend-

ing on the compatibility, keratolytic agents and other optional ingredients can be added 

to either of the before mentioned solutions prior to mixing them. The procedure may be 

further adjusted depending on the requirements of the specific formulation, and espe-

cially when the batch size is scaled up. 

The composition of different formulations used in this paper are listed in Table 1. 

Phospholipids used are either the synthetic dimyristoylphosphatidylcholine (DMPC), di-

oleoylphosphatidylethanolamine (DOPE), natural soybean lecithin (Soy-Lec), soybean 

phospholipids (Soy.PL), or soybean phosphatidylcholine (Soy-PC). All phospholipids 

were obtained from Lipoid AG (Steinhausen, Switzerland). Monoglycerides used were 

medium chain monoglycerides (MCM) from Abitec Corp. (Columbus, OH, USA). Isopro-

pyl myristate (IPM), oleic acid, α-tocopherol, citric acid, tert-butanol, and ketoprofen were 

from Sigma–Aldrich (Darmstadt, Germany). Absolute ethanol (EtOH) was from VWR 

(Stockholm, Sweden). Cyclomethicone was supplied by DuPont de Nemours, Inc. (Wil-

mington, DE, USA). Calcipotriol was supplied by Cerbios–Pharma SA (Barbengo-Lugano, 

Switzerland). Diclofenac diethylamine and diclofenac sodium were from Dipharma, 

(Mereto di Tomba, Italy) and betamethasone dipropionate from Farmabios SpA (Pavia, 

Italy). In addition, 2-propanol and HPLC solvents were from Rathburn Chemicals (Walk-

erburn, UK). 

Table 1. Compositions used in the experiments. 

Formulation Phospholipid % (w/w) Alcohol % (w/w) 
Cyclomethicone 

% (w/w) 
Active Agent % (w/w) 

Additional 

Components 
% (w/w) 

AKV001 DMPC 9.5 EtOH 23.2 67.3 -  -  

AKV002 DOPE 9.6 EtOH 23.1 67.3 -  -  

AKV003 DMPC 9.6 EtOH 23.1 65.8 -  Water 1.4 

AKV004 DOPE 9.7 EtOH 23.0 65.8 -  Water 1.5 

AKV005 - - EtOH 25.3 74.7 -  -  

AKV006 DMPC 10.1 EtOH 20.0 70.0 -  -  

AKV007 DOPE 9.9 EtOH 20.0 70.0 -  -  

AKV008 Soy-PC 17.9 EtOH 69.2 - Ketoprofen 2.6 
MCM 

IPM 

5.0 

5.3 

AKV009a Soy-PC 19.9 EtOH 77.8 - 
Diclofenac 

diethylamine 
2.3   

AKV009b Soy-PC 9.6 EtOH 18.6 59.8 
Diclofenac 

diethylamine 
2.3 

MCM 

IPM 

4.8 

4.9 

AKV009c Soy-PC 5.2 EtOH 72.5 - 
Diclofenac 

diethylamine 
1.9 

MCM 

IPM 

10.2 

10.2 

AKV010a Soy-PC 21.1 EtOH 76.9 - 
Diclofenac 

sodium 
2.0   

AKV010b Soy-PC 10.1 EtOH 77.1 - 
Diclofenac 

sodium 
2.1 

MCM 

IPM 

5.7 

5.0 

AKV010c Soy-PC 4.9 EtOH 73.3 - 
Diclofenac 

sodium 
1.8 

MCM 

IPM 

9.9 

10.1 
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AKV010d Soy-PC 9.8 EtOH 78.1 - 
Diclofenac 

sodium  
2.1 Oleic acid 9.9 

AKV011 Soy-PC 10.1 EtOH 19.7 60.1 

Calcipotriol 

Betamethasone 

dipropionate  

0.0056 

0.053 

MCM 

IPM 

α-tocopherol 

4.9 

5.0 

0.12 

AKV012 Soy-PL 5.2 
Den. 

EtOH * 
94.7 - -  -  

AKV013 Soy-PL 5.2 
Den. 

EtOH * 
93.8 - -  Citric acid 1.0 

AKV014 Soy-Lec 8.1 
Den. 

EtOH * 
81.5  

Lactic acid 

Urea 

Propylene gly-

col 

2.7 

2.5 

5.1 

Eucalyptus 

oil 
0.1 

* Denatured ethanol: Ethanol absolute 89%, 2-propanol 10%, and tert-butanol 1% (w/w). 

2.3. Physicochemical Characterization of AKVANO Formulations 

These characterizations were carried out to obtain a better understanding of the ex-

tent of lipid aggregation and influence of water on AKVANO formulations based on a 

solvent mixture of ethanol (EtOH) and cyclomethicone D5. The formulations were based 

on two different types of lipids: DMPC, which is known to form bilayer membrane struc-

tures, or DOPE, which is more prone to form reversed hexagonal structures and the cor-

responding formulations with added water (~1.5%). The formulations were characterized 

using viscometry, dynamic light scattering (DLS), and nuclear magnetic resonance (NMR) 

diffusometry. 

2.3.1. Viscometry 

Viscosity measurements were performed on formulations with and without the ad-

dition of water, as well as on a sample without lipids on a Lovis 2000M Microviscometer 

(Anton Paar, Graz, Austria) at 25 °C. A thin capillary (1.59 mm in diameter) was filled 

with the sample liquid using a syringe. A small steel ball (1.5 mm in diameter) was then 

introduced, and the capillary was sealed off with a lid making sure that no air bubbles 

were present. During measurements, the capillary was turned at an angle of 80° and the 

time taken by the steel ball to descend through the capillary was measured with an accu-

racy of 0.05%. The capillary was then turned to 80° in the opposite direction so that the 

ball falls back and the time for the return was measured. Four consecutive measurements 

were made on each sample to ensure good accuracy. 

2.3.2. Dynamic Light Scattering (DLS) 

DLS experiments were performed on a Malvern Zetasizer Nano ZS (Malvern Instru-

ments, Malvern, UK) at 25 °C. The formulation samples were filtered with Minisart SRP 

25 (Sartorius) PTFE membrane (0.45 µm) before measurements to remove larger particles, 

such as dust. The samples were equilibrated for 5 min before the experiments and three 

measurements were performed on each sample. The viscosity was set to the value deter-

mined for the pure silicon oil/EtOH (74.7/25.3%) solvent mixture, i.e., 2.37 mPa·s, and a 

refractive index of 1.48 was used for the dispersed phase and all samples were analysed 

in triplicates. 

2.3.3. NMR Diffusometry 

The experiments were performed on a Bruker AVII-200 spectrometer equipped with 

a Bruker DIFF-25 probe and a Bruker GREAT 1/40 gradient amplifier. The temperature 

control was calibrated using a thermocouple immersed in an NMR tube to measure the 
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actual temperatures at the position of the sample. The self-diffusion coefficients were de-

termined using the pulsed gradient stimulated echo method [5] with a pulsed-field gradi-

ent width of 1 ms, a diffusion time (∆) of 20 ms, and an acquisition time of 1 s. The gradient 

strength was linearly ramped in a range selected to obtain an appropriate decay of the 

spin echo in the respective experiments. For each spectrum, eight scans were recorded 

with a repetition delay of 1 s. Each experiment was preceded by four dummy scans. 

2.4. Characterization of the Film Formed after Evaporation by Atomic Force Microscopy (AFM) 

This study was carried out using a XE-100 (Park Instruments, Suwon, Korea) to in-

vestigate whether the lipids dissolved in silicone oil and ethanol forms lipid bilayers when 

dried on a hydrophilic substrate. This was conducted by letting a small drop of formula-

tion dry on a hydrophilic silica surface and then measuring the layer thickness with AFM. 

The formulations were first diluted 100 times in the ethanol (22.2%)/cyclomethicone 

(77.8%) solution to reduce the overall thickness of the coating formed, and thus improving 

the chances of finding single bilayers deposited on the substrate. A drop of diluted for-

mulation was applied to a clean silica substrate (boiled in acid and base just prior to use) 

inside a laminar air flow (LAF) bench, and the substrates were then leaned at a 45° angle, 

thereby creating a thickness gradient, with the thinnest coating at the upper part of the 

substrate. The substrates were left in the LAF bench to dry overnight. AFM images were 

produced by scanning the surfaces in intermittent contact mode in air (using PPP-NCHR 

cantilever from Park Systems, Suwon, Korea) at scan speeds 0.7–1 Hz, while recoding the 

topography, amplitude, and phase signal. Images were evaluated in the XEI Park instru-

ments software (Park Systems, Suwon, Korea), where profile lines were drawn in selected 

locations to measure the step-height for the lipid bilayer structures. 

2.5. Antimicrobial Tests 

2.5.1. Antibacterial Activity 

The test was carried out by QACS Ltd. Laboratory (Athens, Greece) as per the Euro-

pean Standard test method EN 1500:2013 [6]. The method was specified for verifying hy-

gienic hand rub where the test product (PP), when rubbed onto artificially contaminated 

hands of volunteers, should reduce the release of transient flora. The live test organism 

(Escherichia coli K12 NCTC 10538) was applied and recovered to obtain a baseline count. 

The test product (PP)/reference product (RP) is later applied to terminate the effect of any 

residual disinfectant before recovering any surviving test organisms in sampling broth 

containing neutralizers. AKVANO skin disinfectant formulations were used as formula-

tion products and 2-propanol, 60% in water (v/v) was used as a reference. The organisms 

were enumerated, counts transposed to the log10 (log) system, and the difference between 

the numbers recovered from the AKVANO or reference formulations, and baseline counts 

were established and statistically analysed for any significance. The larger the difference 

is between the two counts, the less effective is the product. Each of the volunteers repeated 

the procedure for the reference first and the product to be evaluated after, and then for 

the product first and the reference after. AKVANO foot spray formulation was also tested 

for antibacterial activity by Lab-test laboratorium S.C. (Katowice, Poland) according to 

European Standard [7]. In brief, the test method is dilution–neutralization with neutral-

izer D/E broth, at clean conditions (0.3 g/L bovine albumin), contact time 30 s, and test 

temperature 20.0 °C ± 0.6 °C, diluted in distilled water against Pseudomonas aeruginosa 

(ATCC 15442), Staphylococcus aureus (ATCC 6538), Enterococcus hirae (ATCC 10541), and 

Escherichia coli K12 (NCTC 10538). 

2.5.2. Antifungal Activity 

AKVANO formulation was tested for antifungal activity by Lab-test laboratorium 

S.C. (Katowice, Poland) according to European Standard [8]. This European Standard 

specifies a test method and the minimum requirements for fungicidal activity of chemical 
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disinfectant and antiseptic products. AKV014 was evaluated at clean conditions with in-

terfering substance 0.3 g/L bovine albumin at a contact time of 30 s and test temperature 

of 20.0 ± 0.6 °C diluted in distilled water. Formulation was tested at concentrations of 10–

97% v/v. The incubation time was 48 h using pour plate method at 29.5–30.5 °C. At the end 

of this contact time, an aliquot was taken and the fungicidal action against microbial strain 

Candida albicans (ATCC 10231) in this portion was immediately neutralized or suppressed 

by a validated method (dilution–neutralization). The numbers of surviving fungi in each 

sample were determined and the reduction was calculated. 

2.5.3. Antiviral activity 

The test was carried out by QACS Ltd. Laboratory (Athens, Greece) as per the Euro-

pean Standard test method [9]. The antiviral activity of AKVANO formulations (intended 

for use as skin disinfectants) was tested against three virus strains: Adenovirus type 5, 

Poliovirus type 1, and Murine norovirus. A 97% dilution of the AKVANO product was 

added to a test suspension of titrated viruses in bovine serum albumin solutions of 0.3 g/L 

(clean conditions). The mixtures were maintained at 20 °C for 60 s. At the end of contact 

time, an aliquot was taken and the virucidal activity was suppressed by dilutions in ice-

cold maintenance medium. The dilutions were then inoculated onto cell monolayers in 

96-well culture plates for the titration of the remaining viruses. The titres of the viruses 

expressed in the Tissue Culture Infectious Dose (TCID50) values, after 5-days of incuba-

tion, were determined and expressed in a log scale. Reduction in the virus infectivity was 

calculated from the differences of the log virus titres before (control) and after treatment 

with the AKVANO product. According to the EN 14476 standard, a product has antiviral 

activity when the reduction of the virus is at least four log units. 

2.6. In Vitro Tests for Irritation Potential 

2.6.1. In Vitro Skin Irritation Test 

This test was carried out by QACS Ltd. Laboratory (Athens, Greece) according to the 

Organisation for Economic Co-operation and Development (OECD) Guideline No. 439 

[10] and using the protocol In Vitro EpiDermTM Skin Irritation Test [11]. Skin irritation 

refers to the generation of reversible damage to the skin following the exposure of the 

chemical to be evaluated, for up to 4 h [10]. The test consisted of a topical exposure of 

AKVANO formulation (intended for use as a skin disinfectant) to a reconstructed human 

epidermis (RhE) model followed by a cell viability test. Cell viability was measured by 

dehydrogenase conversion of MTT present in cell mitochondria into a blue formazan salt 

that was quantitatively measured photometrically after extraction from tissue. The reduc-

tion of the average viability of three tissues exposed to chemicals in comparison to average 

viability of three negative controls (treated with water) was used to predict the skin irri-

tation potential. The negative control used was DPBS without Ca2+ and Mg2+ and 5% so-

dium dodecyl sulphate (SDS) solution was used as a positive control. 

2.6.2. In Vitro Eye Irritation Test 

This study was carried out by Research Institutes of Sweden AB (RISE, Gothenburg, 

Sweden, according to the OECD guidelines No. 492 [12] and using the protocol In Vitro 

EpiOcular Eye Irritation Test [13]. The eye irritation test is based on the use of a recon-

structed cornea epithelial model and the relevant materials were obtained from MatTek 

In Vitro Life Science Laboratories (Bratislava, Slovak Republic). The epithelia models are 

topically exposed to the product to be evaluated and after recovery, the viability of cells 

is measured via metabolic activity. Yellow water-soluble MTT ((3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide) is metabolically reduced in viable cells to a blue-

violet insoluble formazan, and thus the number of viable cells correlates to the colour in-

tensity determined by photometric measurements after dissolving the formazan in alco-

hol. For each treatment, the viability percentage relative to a negative control (cell culture 
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water) is calculated. Positive control used was neat methyl acetate. Eye irritation is iden-

tified as the ability of the product to be evaluated to reduce the viability of the cells in the 

epithelial model system. Eye irritation potential of the product or formulation evaluated 

is predicted if the remaining relative cell viability is below 50% after exposure. 

The AKVANO formulation, positive control and negative control were added to Epi-

Ocular™ human cell construct models (MatTek In Vitro Life Science Laboratories, Brati-

slava, Slovak Republic) pre-treated with DPBS, Dulbecco’s Phosphate Buffered Saline 

(Thermo Fisher Scientific, Waltham, MA, USA) for 30 min, whereafter the tissues were 

thoroughly washed followed by a post-treatment immersion and then allowed to recover 

for 2 h. After the recovery period, MTT solution was added to the tissues which were 

incubated for an additional 3 h at 37 ± 1 °C in 5 ± 1% CO2. Following incubation, the MTT 

solution was removed, 2-propanol was added, and the plate with the models was shaken 

rapidly for at least 2 h. The solutions for tissues were homogenized and transferred to a 

96-well plate for absorbance measurement at 570 nm followed by calculation of the via-

bility of the tissues. 

2.7. In Vitro Skin Permeation Studies 

These experiments were performed using Strat-M® membranes [14] from Merck 

(Darmstadt, Germany) to study the permeation of ketoprofen, diclofenac diethylamine, 

and diclofenac sodium in different AKVANO formulations and in commercially available 

medicaments. The diffusion cell system [15,16] consisted of an eight-channel peristaltic 

pump, which delivered PBS buffer pH 7.4 to flow-through diffusion cells with a cross 

section area of 0.5 cm2 placed on a stainless-steel platform which was kept at 37 °C. The 

receptor fluid was transported in the system through Teflon tubes (0.5 mm ID) with an 

approximate flow rate of 1.5 mL/h to an eight-channel fraction collector. Strat-M mem-

branes were cut to an appropriate size and placed between the donor chamber and the 

receiving chamber. Approximately 5 mg of formulation was applied on top of the mem-

branes. The opening of the donor chamber was left uncovered to allow evaporation of the 

volatile solvent. Receptor fluid was collected at the following time intervals: 0–2, 2–4, 4–

6, 6–10, 10–14, 14–18, and 18–24 h. The concentration of active substance in the receptor 

fluid was analysed by RP-HPLC (Agilent Technologies Inc., Santa Clara, CA, USA) with 

UV detection at 240 nm for ketoprofen and 276 nm for diclofenac salts. The separation for 

ketoprofen was carried out on a Symmetry C8 column (150 × 3.9 mm, particle size 5 µm) 

from Waters (Milford, MA, USA) and for diclofenac salts (250 × 4.6 mm, particle size 5 

µm) from ReproSil-Pur C8 by Dr Maisch HPLC GmbH (Ammerbuch, Germany). Keto-

profen was eluted using a flow of 1–2 mL/min with 75% A and 25% B to 100% B for 13 

min, where A is methanol/water 40:60 + 0.16% triethylamine + 0.16% acetic acid and B is 

methanol + 0.16% triethylamine + 0.16% acetic acid, and diclofenac salts were eluted using 

a flow rate of 1.0 mL/min with 70% A and 30% B to 100% B in 15 min, where A is metha-

nol/water 10:90 + 0.1% acetic acid and B is methanol + 0.1% acetic acid. The amount of 

active substance retained in the membranes was analysed after extraction with 1 mL of 

methanol overnight. 

3. Results and Discussions 

3.1. Physico-Chemical Characterization of Different AKVANO Formulations 

Characterization of model AKVANO compositions was used to understand the sig-

nificance of the choice of phospholipids to obtain the desired properties of both the bulk 

liquid itself and the organization after evaporation (see Section 3.2). AKVANO formula-

tions (AKV001–AKV005) with different compositions (see Table 1) were used for charac-

terization experiments, as follows: 
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3.1.1. Viscometry 

The presence of lipid, either DMPC or DOPE, increased the formulations’ viscosity 

by about 25% (Table 2), which could suggest that aggregates are formed. Furthermore, the 

addition of 1.5% (w/w) of water further increased the viscosity of the AKVANO formula-

tions, which may indicate that water gives some enhancement in the aggregation. 

Table 2. Dynamic viscosities of AKVANO formulations. 

Formulation Ingredients Viscosity (mPa·s) 

AKV001 DMPC 3.02 

AKV002 DOPE 2.95 

AKV003 DMPC + H2O 3.37 

AKV004 DOPE + H2O 3.44 

AKV005 Solvent 2.37 

3.1.2. Dynamic Light Scattering (DLS) 

Table 3 presents the average values (from triplicates) of the hydrodynamic radii ob-

tained from the DLS measurements. When evaluating the DLS data, it is important to keep 

in mind that the lipid concentration in AKVANO formulations used is rather high. This 

ensures that if any aggregates giving rise to scattering are present, one can expect a good 

signal. The obtained size distributions are indeed well-defined, with a high repeatability 

for the triplicates, as seen by the low standard deviation. They are also monomodal with 

a low polydispersity index, which would suggest the presence of small aggregates (Figure 

1). On the other hand, the presence of a large fraction of lipids in AKVANO formulations 

involves a significant risk of multiple scattering, which can give rise to overestimation of 

the aggregate’s dimensions. In summary, the DLS measurements suggest that the appar-

ent average size of aggregates formed by DOPE is larger than those formed by DMPC, 

and that the presence of water possibly gives rise to some aggregate growth in the DOPE 

formulation (Table 3). Regarding the average hydrodynamic radii presented in Table 3, it 

can be stated that they are on the same order of magnitude as would be expected for mi-

celles, which are generally considered to have a radius corresponding to the maximum 

extended length of the aggregating amphiphile (which in this case would be around 3 

nm). However, since the hydrodynamic radius is generally larger than the actual physical 

radius (due to solvation effects), it can be stated that the data measured for all formula-

tions are probably on the small side for micelles, and especially for the DMPC formulation 

exhibiting data much smaller than what would be expected for micelles. 

In contrast, according to the literature, in phospholipid/ethanol systems with higher 

content of water, vesicular systems are formed with much larger aggregate size (ranging 

from one to several orders of magnitude larger) [17,18]. 

Table 3. Apparent average hydrodynamic radii (Rh) with standard deviation and polydispersity 

index (PDI) obtained from the DLS experiments. 

Formulation Ingredients Rh (nm) SD (nm) PDI 

AKV001 DMPC 1.7 0.11 0.14 

AKV002 DOPE 3.4 0.15 0.12 

AKV003 DMPC + H2O 1.4 0.20 0.27 

AKV004 DOPE + H2O 4.3 0.02 0.09 

SD—standard deviation. 
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Figure 1. Average (triplicates) size distribution of AKVANO formulations based on DMPC (red) 

and DOPE (green) lipids, without (a) and with (b) additions of water, as measured by DLS meas-

urements. 

3.1.3. NMR Diffusometry 

A well-resolved diffusion coefficient for the lipid as well as for the solvent compo-

nents, e.g., ethanol and cyclomethicone D5, was obtained for all the formulation samples. 

Diffusion coefficient of the added water was, however, only identified and analysed in 

the sample with DMPC. The DOPE sample with water was notably different compared to 

the sample without water in terms of viscosity, DLS, and diffusion coefficients of the other 

components. The absence of a distinct water signal in the DOPE sample with water is 

likely caused by the signal being buried in larger signals arising from the lipid. The pos-

sible presence of aggregates is best assessed by calculating the apparent hydrodynamic 

sizes corresponding to the values of Dlipid (Table 4) derived from the Stokes-Einstein rela-

tion [5]: 

������ = ���/6�η�� (1)

where kB is the Boltzmann’s constant, T the absolute temperature, and η the viscosity of 

the formulation. 
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Table 4. Self-diffusion coefficients of the different components in the respective formulation sam-

ples and apparent hydrodynamic radii (Rh) of lipid aggregates as calculated from Dlipid. 

Formulation Ingredients Dlipid (m2/s) DEtOH (m2/s) DD5 (m2/s)  DH2O (m2/s) Rh (nm) *

AKV001 DMPC 1.03 × 10 × 10 5.34 × 10−10 2.97 × 10−10 - 0.9 

AKV002 DOPE 5.28 × 10−11 5.81 × 10−10 3.02 × 10−10 - 1.7 

AKV003 
DMPC + 

H2O 
8.58 × 10−11 4.78 × 10−10 2.62 × 10−10 3.52 × 10−10 1.1 

AKV004 
DOPE + 

H2O 
5.95 × 10−11 4.89 × 10−10 2.84 × 10−10 - 1.5 

AKV005 Solvent - 7.22 × 10−10 3.79 × 10−10 - - 

* Calculated from the Stokes-Einstein equation [5] using the value of the viscosity determined for 

the solvent mixture (AKV005), i.e., 2.37 mPa·s. 

An important finding from these numbers is that if aggregates are formed, these are 

small, even smaller than indicated from the DLS data. As was mentioned above, there is 

a significant risk that, because of likely multiple scattering, the apparent sizes obtained 

from the DLS measurements are over-estimated. Since the apparent sizes obtained in the 

NMR experiments can be more “direct”, these can be expected to reflect the effective sizes 

of the diffusing entities more reliably. The apparent dimensions corresponding to the Dlipid 

are significantly smaller than expected from micelle-like aggregates. The radius of a spher-

ical micelle is typically close to the extended length of the monomer, which, for the inves-

tigated lipids here, is ~3 nm. In addition, the hydrodynamic radius is expected to be 

slightly larger than the physical radius, due to the influence from solvation. Thus, lipid 

self-diffusion data clearly suggest that possible aggregates formed are smaller than the 

typical micelles. 

It can be noted that, generally, if a molecule is present both as individually dissolved 

monomers and residing in well-defined aggregates (such as micelles), its observed diffu-

sion coefficient (Dobs) under the condition of fast exchange between the two sites (which 

there is no reason to believe that one would not have) is the weighted average of the dif-

fusion coefficients corresponding to the two sites (Dmonomer and Daggregate, respectively), ac-

cording to Equation (2): 

Dobs = pmonomer × Dmonomer + (1 − pmonomer) × Daggregate (2)

where pmonomer is the fraction of molecules present as individually dissolved molecules. 

Since Daggregate is typically smaller than Dmonomer, it does, in relative terms, have a smaller 

influence on Dobs, and one could, in principle, still have large aggregates present in a frac-

tion low enough that its influence on Dobs is minor. However, considering the high con-

centration of lipid in the investigated samples, it would be highly unlikely that, had there 

been a propensity for micelle formation, a major fraction of the lipid had not been residing 

in aggregates. As was mentioned above, Dwater could only be determined for sample 

AKV003 (DMPC + H2O). It is found that, although the water molecule is smaller than the 

ethanol molecule, Dwater is significantly lower than DEtOH. This finding can be taken to sug-

gest that there is some extent of preferential binding of water to the lipid. In this context, 

it can be noted that, at the herein used water concentration, there are only around six 

water molecules per lipid molecule. It is possible that, in the presence of a larger fraction 

of water, the formation of more micelle-like aggregates may be induced. To obtain further 

understanding of the solution structure, it is valuable to take a closer look at the diffusion 

data for the solvent components. 

Table 5 presents the diffusion coefficients of ethanol and cyclomethicone D5 in sam-

ples with lipids normalized to the corresponding values in the pure solvent mixture in the 

absence of lipids. By comparing the values of D/D( in Table 5 to the viscosities presented 

in Table 2, one can find out that the relative decrease in D in the presence of lipid is very 

close to the inverse of the corresponding relative increase in viscosity. This indicates that 
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the reduction in diffusion rate is mainly a consequence of an increase in bulk viscosity; 

had a significant volume fraction of large aggregates been present in the samples, one 

would have expected additional reduction in solvent diffusion due to obstruction effects 

caused by excluded volume. These findings give additional support to the notion that 

micelle-like aggregates are not formed in the samples. Furthermore, they suggest that 

there is no preferential binding of either of the solvent components to the lipid, since the 

diffusion coefficients for both solvents are similar within one sample. 

Table 5. Diffusion coefficients of the solvent components normalized to the diffusion coefficients in 

the pure solvent mixture in the absence of lipids, i.e., in sample AKV005. 

Sample  (D/D0)EtOH  (D/D0)D5 1/Viscosity (mPa−1 s−1) 

AKV001 0.74  0.78 0.33 

AKV002 0.81  0.80 0.34 

AKV003 0.66  0.69 0.30 

AKV004 0.68  0.75 0.29 

It is difficult to tell whether some types of smaller aggregates are formed in the sam-

ples and to get an idea of their character. Considering the size of the individual lipid mol-

ecules—as is stated above, the extended length of these is ~3 nm—it is possible that there 

is no significant association of the lipid molecules and that they are individually dissolved 

in solution. It should be noted that the effective size of individually dissolved monomers 

is typically more strongly affected by solvation than that of molecules in aggregates, i.e., 

the apparent volume per lipid molecule may be notably larger for an individually dis-

solved molecule than for one residing in an aggregate. It is thus not possible to unambig-

uously separate solvated monomers from aggregates made up of a small number of lipid 

molecules. The NMR diffusion data do, in accordance with the DLS data, suggest that 

there is a stronger tendency for aggregation in the samples with DOPE than in those with 

DMPC. 

3.2. Characterization of the Film Formed after Evaporation by Atomic Force Microscopy (AFM) 

The film obtained after evaporation of formulation AKV006 (DMPC) showed a char-

acteristic pattern of rounded shapes, such as flat patches or islands protruding from the 

underlying substrate when imaged with AFM. These rounded shapes had a step height 

of 4–5 nm, or sometimes multiples of that height, indicating that they are islands of bi-

layers and, occasionally, multiple bilayers were formed on the surface (Figure 2). The 

structures appeared very flat (as seen in the topography signal) and smooth (as seen in 

the amplitude signal, which is more sensitive to edges and smaller features). Looking at 

the topography and amplitude signal, the roughness appears to be very similar between 

the shapes as on top of them. On the other hand, the phase signal, which is sensitive to 

material properties such as stiffness and elasticity, clearly shows a contrast between the 

two locations (Figure 2c), thus indicating that the rounded shapes seen are lipid bilayers 

deposited on top of a clean silica substrate. This is even more obvious when looking at the 

few locations where an additional smaller round-shaped lipid bilayer is deposited on the 

top of a larger structure, since no contrast is evident when moving between the two bilayer 

levels, whereas the phase signal changes significantly once the bottom surface is reached 

(Figure 2). It can further be stated that no contrast could be seen in the phase signal when 

AFM scans were made on locations where a thicker coating was deposited on the substrate 

(Figure 3c) (further down on the substrate where more material had accumulated). AFM 

images taken at the “thicker” end of the surface also show much thicker stacks of lipid 

bilayers, as seen in Figure 3 below, although even these thick assemblies clearly indicate 

a layered structure where the top layers are sometimes seen to be incomplete (see green 

profile line in Figure 3). 
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The AKV007 (DOPE) sample, on the other hand, looks completely different in the 

AFM images, where the DOPE lipids appear to form elongated worm-like structures 

when dried on a hydrophilic substrate, as seen in Figure 4. This is even more pronounced 

when AFM scans are made at locations with thicker coatings, where long worm-like fibres 

are seen (Figure 5). There is no evidence of bilayer formation (as expected); instead, elon-

gated structures possibly connected to the reversed hexagonal phase normally formed by 

DOPE [2] are seen. These results thus confirm that phosphatidylcholine rich lipid materi-

als are more suitable to be used in AKVANO than materials with a high content of phos-

phatidylethanolamine. 

 

Figure 2. AFM image of AKV006 (DOPC) scanned at a location with a thin deposited lipid film, 

where (a) shows the topography data, (b) the amplitude signal, (c) the phase signal, and (d) the 

topography profile for the two lines drawn in the topography image. 
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Figure 3. AFM image of AKV006 (DOPC) scanned at a location with “thicker” deposited lipid film, 

where (a) shows the topography data and (b) the amplitude signal (c) the phase signal, and (d) the 

topography profile for the two lines drawn in the topography image. 

 

Figure 4. AFM image of AKV007 (DOPE) scanned at a location with a thin deposited lipid film, 

where (a) shows the topography data and (b) the amplitude signal. 
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Figure 5. AFM image of AKV007 (DOPE) scanned at a location with “thicker” deposited lipid film, 

where (a) shows the topography data and (b) the amplitude signal. 

3.3. Antimicrobial Tests 

3.3.1. Antibacterial Activity 

For test formulations to confirm to the standard method (EN1500:2013), the mean log 

reduction factor obtained should not be inferior to that achieved by the specified reference 

product. The acceptance criteria as laid out by European standard EN1500:2013 were ful-

filled with AKVANO formulations, as primarily individual log reductions were less than 

3.00 and means of log prevalues for AKVANO formulations (7.12) and for reference prod-

uct (7.07) were greater than 5, with absolute difference of mean differences as 0.12 (hence 

less than 2.00). 

The performance of AKVANO formulations in the test procedure proved to be equiv-

alent to the performance of the reference product (RP). AKVANO formulations AKV012 

and AKV013 showed a log reduction of 3.9 and 4.3, respectively, while the log reduction 

of RP was 3.8 and 3.6 at the respective testing occasions (Figure 6). The relatively higher 

bactericidal effect of AKV013 could be attributed to the content of citric acid in the formu-

lation. Accordingly, both versions of AKVANO skin disinfection spray, tested at 100% 

concentration, when applied for total rubbing time of 60 s (2 × 30 s) and using total quan-

tity of 6 mL (2 × 3 mL dose) of product, conforms to the requirements of EN 1500:2013. 

 

Figure 6. Log reduction ± SEM (standard error of mean) of AKVANO skin disinfectant sprays 

AKV012 and AKV013 compared to reference solution 2-propanol 60% (v/v). 

An AKVANO foot spray formulation, AKV014, was also tested according to EN 

13727+A1:2014-02 and proved to have met the efficacy requirements in reduction of viable 
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counts (five log units) against Pseudomonas aeruginosa, Staphylococcus aureus, Enterococcus 

hirae, and Escherichia coli at 80% (v/v) and at 97% (v/v). 

3.3.2. Antifungal Activity 

According to the test procedure EN 13624, the product should demonstrate at least a 

four-decimal log reduction to pass the acceptance criteria. AKVANO formulation 

(AKV014) was tested at concentrations of 10%, 80%, and 97% (v/v) and the reduction factor 

of viable counts (R) was found to be active (reduction >4.48 log units) against Candida 

albicans ATCC 10231 at both 80% (v/v) and 97% (v/v) concentrations. 

3.3.3. Antiviral Activity 

AKV012 and AKV013 in 97.0% final concentration demonstrated antiviral activities 

(Figure 7) against the virus strains Adenovirus type 5 (ATCC VR-5), Poliovirus 1 Sabin 

strain, LSc-2ab (WHO, Geneva, Switzerland), and Murine Norovirus (Strain S99 Berlin) 

after a 60-s contact time in the presence of 0.3 g/L BSA at 20 °C. 

For the antiviral activity, the product under test shall demonstrate at least a four-

decimal log reduction in virus titre when tested in accordance with EN 14476+A1. These 

two AKVANO formulations thus demonstrated antiviral activity against the non-envel-

oped DNA adenovirus, the non-enveloped RNA poliovirus, and the non-enveloped RNA 

murine norovirus. According to the EN 14476 standard, products that have antiviral ac-

tivity against these three virus strains are considered to be active against all other viruses. 

Considering the high ethanol concentration in the tested AKVANO formulations, the re-

sults are in line with earlier reports [19], although the additional benefit of citric acid is 

not obvious in the present study. 

 

Figure 7. Log reduction of three virus strains by AKVANO skin disinfectant formulations AKV012 

and AKV013. Calculations are based on the proportion of ten replicates showing cytopathic effects 

at a certain dilution level. 

3.4. In Vitro Irritation Tests 

3.4.1. In Vitro Skin Irritation Test 

Despite the potent antimicrobial activity, the AKVANO formulations are perceived 

as mild and non-irritating. To confirm this, two skin products based on AKVANO and 

intended to be used for skin care were tested according to the In Vitro EpiDermTM Skin 

Irritation Test. According to the EU and GHS classification (R38/Category 2), an irritant is 

predicted if the mean relative tissue viability of three individual tissues exposed to the 
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test substance is reduced below 50% of the mean viability of the negative controls. Ac-

cording to results obtained (Table 6) from this test, the viability of the reconstructed hu-

man epidermal model was >50%. This clearly shows that the AKVANO formulation (in-

tended for use as a skin disinfectant) is classified as Non-Irritant (NI). 

Table 6. Viability of reconstructed human epidermal after exposure to two AKVANO formulations 

and positive control, relative to the negative control. 

Formulation Relative Viability (%) SD of Viability 

Positive control 4.2 0.38 

AKV012 71.5 7.99 

AKV014 60.5 15.88 

SD—standard deviation. 

3.4.2. In Vitro Eye Irritation Test 

AKV011 is a prototype spray formulation intended to be used for treatment of plaque 

psoriasis, including affected areas on the scalp. Since spraying on the scalp implies a risk 

of exposing the eyes, the irritation potential of the formulation was tested. 

The measured absorption values (blank subtracted) for the duplicate aliquots of each 

tissue included in the test were used to calculate viabilities for each tissue and mean via-

bilities for the test item and positive and negative controls together with the classification 

of the formulation to be evaluated AKV011 (Figure 8). If the viability is reduced to <50% 

of the negative control, the product is considered to have an irritating potential. Accord-

ingly, AKV011 is considered not to have a potential for ocular irritation. 

There was interference with the MTT testing, as determined by interference pretest-

ing of the test substance, and freeze killed control tissues were used for AKV011 and neg-

ative control. Since the optical density values for freeze killed control tissues for the 

AKV011 sample were the same as for the negative control, no correction was needed. 

 
Figure 8. Viability of test item AKV011 in comparison with positive and negative controls after in 

vitro eye irritation test (percentage of negative control ± SEM). 

3.5. In Vitro Permeation Experiments 

Several AKVANO formulations containing the active pharmaceutical ingredients ke-

toprofen, diclofenac diethylamine, and diclofenac sodium were tested for permeation 

through Strat-M artificial membranes and compared to commercially available medicinal 

products. 
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The flux J (µg/h) was calculated according to Equation (3): 

�� = ����/�� (3)

where i is the fraction number, Ci the concentration in µg/mL, Vi the volume of the fraction 

(mL), and ti the time in hours during which the fraction was collected. The cumulative 

permeation Q was calculated according to Equation (4): 

�� = � ����/����

�

� � �

 (4)

where Qn is the accumulated proportion of permeated active substance and mnom is the 

nominal amount of substance in µg applied to the membrane at the start of the experi-

ment. Three different types of AKVANO vehicles were used in the study. AKV009a and 

AKV0010a contained only phospholipids, while AKV008, AKV009b, and AKV0010b also 

contained intermediate levels of single chain lipids MCM and IPM. AKV009c and 

AKV010c contained high concentrations of MCM and IPM, whereas another single chain 

lipid, oleic acid, was used in AKV009d at an intermediate level. 

In the first set of experiments (Figure 9), a formulation of ketoprofen in AKVANO, 

AKV008, was compared to Orudis® gel (2.5% ketoprofen, Sanofi AB, Stockholm, Sweden). 

The experiments demonstrated a much faster permeation profile for ketoprofen in 

AKV008 than for Orudis gel. Experiments also showed that a significant part of the initial 

content of ketoprofen in Orudis gel was retained on the membrane (47%), whereas for the 

AKV008 formulation, the retained amount was negligible (2.8%). 

 

Figure 9. Cumulative permeation of ketoprofen through Strat-M membranes. 

In a subsequent experiment, the permeation of diclofenac diethylamine in AKV009a-

c was compared with Voltaren® gel (2.3% diclofenac diethylamine, GlaxoSmithKline Con-

sumer Healthcare ApS, Hovedstaden, Denmark). The result shows that the AKV009a for-

mulation gives a comparatively slow release of diclofenac diethylamine, whereas 

AKV009b and AKV009c formulations, which contain increasing amounts of MCM and 

IPM, give faster permeation (Figure 10). AKV009c shows an even faster permeation than 

Voltaren gel, though the difference is not statistically significant (Figure 10). For all four 

formulations, a portion of initially applied diclofenac diethylamine was retained on the 
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membrane (26% for AKV009a, 36% for AKV009b, 35% for AKV009c, and 26% for Voltaren 

gel) but the differences between formulations were not found to be statistically significant. 

 

Figure 10. Cumulative permeation of diclofenac diethylamine through Strat-M membranes. 

In another set of experiments, formulations of diclofenac sodium in AKVANO for-

mulations AKV010a–d were tested. The trend is similar as for diclofenac diethylamine, 

though the permeation rate was generally slower (Figure 11). It is also observed that the 

amount retained on the membrane was higher for the AKV010a (30%) than for AKV010b 

(14%), AKV010c (17%) and AKV010d formulations (15%). The results from the experi-

ments with diclofenac diethylamine and diclofenac sodium consistently show a higher 

permeation through the Strat-M® membrane with increasing concentration of the single 

chain lipids MCM, IPM, and oleic acid in the formulation. 

 

Figure 11. Cumulative permeation of diclofenac sodium through Strat-M membranes. 
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To sum up, the in vitro permeation data show that the AKVANO formulations can 

be designed to either enhance or to reduce the penetration of an incorporated active in-

gredient, simply by altering the lipid composition. 

4. Conclusions 

The presented novel drug delivery system for topical use, AKVANO, has been shown 

to possess advantageous features for formulation of pharmaceutical products as well as 

products for consumer health care and animal care. The properties can be tuned by chang-

ing the proportion between phospholipids and other lipids, such as single chain lipids. 

The volatile solvent system, based on ethanol or other short-chain alcohols, serves as an 

efficient solvent for lipids but also for a great number of active ingredients, and the phos-

pholipids can also act as a solubilizer. 

Investigations of AKVANO formulations’ in vitro characteristics, in terms of viscos-

ity, aggregate size, diffusion coefficients, and physicochemical behaviour upon evapora-

tion, show that the formulations are non-viscous, with virtually no or very minute aggre-

gates formed. When formulations based on phosphatidylcholine are applied to the skin, 

e.g., by spraying a thin film consisting of lipid bilayer structures are formed. AKVANO 

formulations also meet the criteria for antibacterial, antifungal, and antiviral effects and, 

at the same time, can be classified as a non-irritant to the skin and eye. The in vitro skin 

permeation experiments on artificial skin mimicking membranes shows that a relatively 

slow permeation of the active ingredient can be obtained if only phospholipids are used. 

With increasing concentration of single chain lipids, such as medium chain monoglycer-

ides and isopropyl myristate, the permeation can be increased significantly. 

This first article about AKVANO formulations has thus presented the fundamental 

properties of the novel topical delivery system. With an understanding of the opportuni-

ties and limitations associated with AKVANO, it is possible to develop product proto-

types with certain desired characteristics. Further development of pharmaceutical and 

consumer health products through AKVANO technology has led to additional non-clini-

cal and clinical data which will be reported in future articles. 

5. Patents 
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maceutical or Cosmetic Active Ingredients. International Patent Application WO 

2014/178789 Al, 6 November 2014. 

3. Herslöf, B.; Holmbäck, J. Sprayable Topical Carrier and Composition Comprising Phos-

phatidylcholine. International patent application WO 2015/072909 Al, 21 May 2015. 
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tions Comprising Phosphatidylcholine. International Patent Application WO 2015/072910 

Al, 21 May 2015. 

Author Contributions: Conceptualization, J.H., A.C. and B.H.; investigation, J.H., V.R. and T.H.; 

methodology, J.H., A.C. and T.H.; visualization, J.H. and T.H.; writing—original draft, P.R.; writ-

ing—review and editing, J.H., A.C., B.H., V.R. and T.H. All authors have read and agreed to the 

published version of the manuscript. 

Funding: This research was funded by Lipidor AB, Danderyd, Sweden. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data presented in this study are available on request from the 

corresponding author. The data are not publicly available due to privacy issues. 



Pharmaceutics 2022, 14, 794 21 of 22 
 

 

Acknowledgments: Associate Conny Bogentoft, former CEO of Karolinska Development and with 

a long professional career within the pharmaceutical industry, is gratefully acknowledged for his 

strong scientific and advisory support throughout of the AKVANO project. We also would like to 

thank Karin Englund for her important contribution in the experimental development of AKVANO 

formulations. 

Conflicts of Interest: J.H., A.C. and B.H. were co-founders of Lipidor AB. J.H, V.R. and P.R. are 

presently employed by Lipidor AB. T.H. reports no conflict of interest. The sponsor designed, exe-

cuted and interpreted the in vitro permeation experiments but had no role in the design, execution 

and interpretation of the other parts of the study. 

References 

1. Laughlin, R.G. The Aqueous Phase Behavior of Surfactants; Academic Press: London, UK, 1994; pp. 42–44. 

2. Carlsson, A. Physical Properties of Phospholipids. In Phospholipid Technology and Applications; Gunstone, F.D., Ed.; The Oily 

Press: Bridgewater, England, 2008; Volume 22, pp. 95–139. 

3. Evans, D.F.; Wennerström, H. The Colloidal Domain: Where Physics, Chemistry, Biology, and Technology Meet, 2nd ed.; Wiley-VCH: 

New York, NY, USA, 1999; pp. 401–441. 

4. Iwai, I.; Han, H.; den Hollander, L.; Svensson, S.; Ofverstedt, L.-G.; Anwar, J.; Brewer, J.; Bloksgaard, M.; Laloeuf, A.; Nosek, 

D.; et al. The human skin barrier is organized as stacked bilayers of fully extended ceramides with cholesterol molecules asso-

ciated with the ceramide sphingoid moiety. J. Investig. Dermatol. 2012, 132, 2215–2225. https://doi.org/10.1038/jid.2012.43. 

5. Stilbs, P. Fourier transform pulsed-gradient spin-echo studies of molecular diffusion. Prog. Nucl. Magn. Reason. Spectrosc. 1987, 

19, 1–45. https://doi.org/10.1016/0079-6565(87)80007-9. 

6. SS-EN 1500:2013; Swedish Standard. Chemical disinfectants and antiseptics—Hygienic handrub—Test method and require-

ments (phase 2/step 2). BSI: London, UK, 2013. 

7. EN 13727+A1:2014; European Standard. Chemical Disinfectants and Antiseptics—Quantitative Suspension Test for the Deter-

mination of Bactericidal Activity in the Medical Field—Test Method and Requirements (Phase 2/Step 1). BSI: London, UK, 2014. 

8. BSEN 13624:2013; The British Standards. Chemical Disinfectants and Antiseptics—Quantitative Suspension Test for the Evalu-

ation of Fungicidal or Yeasticidal Activity in the Medical Area—Test Method and Requirements (Phase 2, Step 1). BSI: London, 

UK, 2013. 

9. EN 14476+A1:2015; European Standard. Chemical Disinfectants and Antiseptics—Quantitative Suspension Test for Evaluation 

of Virucidal Activity—Test Method and Requirements (Phase 2/Step 1). BSI: London, UK, 2015. 

10. Organisation for Economic Co-Operation and Development. Test Guideline No. 439: In Vitro Skin Irritation (Reconstructed Human 

Epidermis Test Method), Section 4; Organisation for Economic Cooperation and Development: Paris, France, 2015. Available 

online: https://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-ef-

fects_20745788 (accessed on 2 March 2022). 

11. MatTek Corporation. In Vitro EpiDerm™ Skin Irritation Test (EPI-200-SIT), for Use with MatTek Corporation’s Reconstrucked Human 

Epidermal Model EpiDerm™; No. EPI-200-SI; MatTek Corporation: Ashland, MA, USA, 2014; pp. 1–35. Available online: 

https://www.mattek.com/wp-content/uploads/EPI-200-SIT-Skin-Irritation-MK-24-007-0023.pdf (accessed on 2 March 2022). 

12. Organisation for Economic Co-Operation and Development. Test Guideline No. 492: Reconstructed Human Cornea-like Epithelium 

(RhCE) Test Method for Identifying Chemicals Not Requiring Classification and Labelling for Eye Irritation or Serious Eye Damage; 

Guidelines for the Testing of Chemicals; OECD: Paris, France, 2015. Available online: https://www.oecd-ilibrary.org/environ-

ment/test-no-492-reconstructed-human-cornea-like-epithelium-rhce-test-method-for-identifying-chemicals-not-requiring-clas-

sification-and-labelling-for-eye-irritation-or-serious-eye-damage_9789264242548-en (accessed on 2 March 2022). 

13. MatTek Corporation. EpiOcular™ Eye Irritation Test (OCL-200-EIT) for the Prediction of Acute Ocular Irritation of Chemicals for Use 

with Reconstructed Human EpiOcular Model; No. MK-24-007-0055; MatTek Corporation: Ashland, MA, USA, 2014; pp. 1–40. Avail-

able online: https://www.mattek.com/wp-content/uploads/OCL-200-EIT-Eye-Irritation-Test-Protocol-MK-24-007-

0055_02_02_2021.pdf (accessed on 2 March 2022). 

14. Uchida, T.; Kadhum, W.R.; Kanai, S.; Todo, H.; Oshizaka, T.; Sugibayashi, K. Prediction of skin permeation by chemical com-

pounds using the artificial membrane, Strat-M™. Eur. J. Pharm. Sci. 2015, 67, 113–118. https://doi.org/10.1016/j.ejps.2014.11.002. 

15. Iadaresta, F.; Manniello, M.D.; Östman, C.; Crescenzi, C.; Holmbäck, J.; Russo, P. Chemicals from textiles to skin: An in vitro 

permeation study of benzothiazole. Environ. Sci. Pollut. Res. Int. 2018, 25, 24629–24638. https://doi.org/10.1007/s11356-018-2448-

6. 

16. Lodén, M.; Åkerström, U.; Lindahl, K.; Berne, B. Bioequivalence determination of topical ketoprofen using a dermatopharma-

cokinetic approach and excised skin penetration. Int. J. Pharm. 2004, 284, 23–30. https://doi.org/10.1016/j.ijpharm.2004.07.018. 

  



Pharmaceutics 2022, 14, 794 22 of 22 
 

 

17. Fernández-García, R.; Lalatsa, A.; Statts, L.; Bolás-Fernández, F.; Ballesteros, M.P.; Serrano, D.R. Transferosomes as nanocarriers 

for drugs across the skin: Quality by design from lab to industrial scale. Int. J. Pharm. 2020, 573, 118817. 

https://doi.org/10.1016/j.ijpharm.2019.118817. 

18. Kumar, P.; Sharma, D.K.; Ashawat, M.S. Development of phospholipids vesicular nanocarrier for topical delivery of tea tree oil 

in management of atopic dermatitis using BALB/c mice model. Eur. J. Lipid Sci. Technol. 2021, 123, 1–12. 

https://doi.org/10.1002/ejlt.202100002. 

19. Kampf, G. Efficacy of ethanol against viruses in hand disinfection. J. Hosp. Infect. 2018, 98, 331–338. 

https://doi.org/10.1016/j.jhin.2017.08.025. 


