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Formulation of semi-solid dosage forms indented for transdermal delivery 
of ivermectin

Zia Aucamp , Wilna Liebenberg , Hendrik J.R. Lemmer , Minja Gerber *

Centre of Excellence for Pharmaceutical Sciences (Pharmacen™), North-West University, Private Bag X6001, Potchefstroom, 2520, South Africa

1. Introduction

The story of ivermectin originated in 1974, when scientist Satoshi 
Omura discovered Streptomyces avermitilis, which later led to the isola
tion of an active compound, avermectin and finally, ivermectin [1]. 
Ivermectin, which consists of two homologs (namely 
dihydro-avermectin B1b and dihydro-avermectin B1a) [2], is a 
broad-spectrum anti-parasitic drug. It was initially employed in the 
veterinary field of medicine; however, in 1987 it was brought on by 
Merck as a treatment regime for onchocerciasis, a disease that effected a 
great percentage of the population in Africa [3]. Since then, ivermectin 
has been widely used in the treatment of both topical and systemic 
diseases, which includes, scabies, rosacea, and other filarial infections 
[4,5]. Ivermectin stimulates the gamma-aminobutyric acid (GABA)-
gated chloride ion channels, commonly found in nematodes, insects, and 
ticks, which leads to paralysis [1,6]. However, its safety in humans has 
been established due to its inability to cross the blood brain barrier [1]. 
Despite ivermectin’s use over the past few decades, the coronavirus 
disease 2019 (COVID-19) pandemic has shed a light on the drug; hence, 
its reported anti-viral activity against the virus has become an 
intriguing, yet controversial research topic. The speculated mechanism 
of action in the treatment of the virus, is due to the inhibition of the viral 
importin (IMB) α/ β1-mediated nuclear import, resulting in the reduc
tion of viral replication [7,8]. Although this active pharmaceutical 
ingredient (API) is generally well tolerated, some adverse effects, 
including gastrointestinal upset and abdominal pain, have been reported 
with oral dosages [5]. Additionally, there are reports documenting the 
low bioavailability of the drug [9]. The transdermal drug delivery route 
offers many advantages over conventional routes; some of which in
cludes, avoidance of hepatic first-pass metabolism to increase bioavail
ability and avoidance of gastrointestinal upset [10,11]. During this 
study, the focus was on the transdermal and/or topical delivery of 
ivermectin. Although transdermal drug delivery has many benefits, 
there are some drawbacks that should be taken into consideration, i.e., 
the number of APIs that can be delivered via this route is limited [11,12]. 

Ivermectin is a highly lipophilic drug that presents with physicochem
ical properties far from the ideal physicochemical properties required 
for transdermal drug delivery, which is why it is anticipated that it will 
have difficulties permeating the skin. Therefore, three semi-solid for
mulations, i.e., emulgel, cream, and ointment were formulated during 
this study to investigate whether any of the formulations could poten
tially assist in delivering ivermectin transdermally and/or topically.

2. Materials and methods

2.1. Materials

Ivermectin was obtained from DB Fine chemicals (Sandton, South 
Africa). The surfactants, Span® 60 and Tween® 80 as well as poly
ethylene glycol 400 (PEG 400) was obtained from Sigma-Aldrich® 
(Johannesburg, South Africa). Cetyl alcohol, used as a thickening agent 
and polyethylene glycol 4000 (PEG 4000) was obtained from Merck 
chemicals. Sodium hydroxide (NaOH) and orthophosphoric acid used 
for the preparation of phosphate buffered solution (PBS, pH 7.4) were 
purchased at Sigma-Aldrich® (Johannesburg, South Africa). Carbopol® 
Ultrez 20 used in the emulgel as a gelling agent was purchased from 
Lubrizol (Durban, South Africa). Evening primrose oil (EPO) was ob
tained from Scatter oils, (Johannesburg, South Africa). Ultrapure (UP) 
water was used throughout the course of this study, which was obtained 
from Direct Pure® Ultrapure laboratory water purification system 
(Merck-Millipore, Midrand, South Africa). During the high-performance 
liquid chromatographic (HPLC) analysis, chromatography grade aceto
nitrile, methanol and formic acid was used, which was purchased from 
Associated Chemical Enterprises (ACE) (Johannesburg, South Africa). 
During the membrane release and skin diffusion studies, Dow Corning® 
high vacuum grease, Whatman® filter paper and Parafilm® was ob
tained from Separations (Randburg, South Africa). The immortalized 
human keratinocytes (HaCaT) cells were donated from the Faculty of 
Pharmacy at the University of Lisbon, Portugal. Dulbecco’s modified 
eagle medium (DMEM) was obtained from HyClone™ Separations, 
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(Johannesburg, South Africa). 1 % Non-essential amino acids (NEAAs) 
and 1 % penicillin/streptomycin (pen/strep; 10000 U/mL) was obtained 
from Lonza, Whitehead Scientific (Pty) Ltd, (Cape Town, South Africa). 
During the cytotoxic studies, 10 % fetal bovine serum (FBS) from Gibco, 
Thermo Fisher Scientific, (Johannesburg, South Africa), hygromycin 
(Sigma-Aldrich®), Trypan Blue solution (0.4 %) from HyClone™, Sep
arations, (Johannesburg, South Africa) and Trypsin-Versene® ethyl
enediaminetetraacetic acid (EDTA) from Lonza™ Whitehead Scientific 
(Pty) Ltd (Cape Town, South Africa) was used.

2.2. Methods

2.2.1. HPLC analysis of ivermectin
During this study, an HPLC method was developed and validated for 

the analysis of ivermectin. The HPLC (Shimadzu Nexera-I LC-2040C 3D) 
was equipped with a quaternary pump, column heater, photo-diode- 
array (PDA) detector and autosampler injector mechanism. LabSolu
tions Rev. A. 10.03 acquisition and analysis software was used to 
analyze the chromatograms. The temperature of the laboratory 
remained constant (23 ◦C) throughout the use of the apparatus. The 
mobile phase consisted of Phase A (UP water and 0.1 % analytical grade 
formic acid) and Phase B (methanol and 0.1 % formic acid). The injec
tion volume was set as 5 μL with a run time of 4 min and a flowrate of 
0.4 mL/min. The UV-detector was set at a wavelength of 243 mm. The 
retention time was ±3 min with a total run time of 4 min. An isocratic 
method consisting of 87 % Phase B and 13 % Phase A was used. The limit 
of detection (LOD) and limit of quantification (LOQ) for ivermectin was 
calculated as 0.16 and 0.50 μg/mL, respectively.

2.2.2. Preparation of standard solution
Prior to each analysis a serial dilution was prepared and injected into 

the HPLC to obtain a linear regression curve. A stock solution was pre
pared by weighing approximately 25 mg of ivermectin in a 100 mL 
volumetric flask and filling it up to volume with ethanol (EtOH). 
Thereafter, a 1000 μL pipette was used to create a serial dilution with ten 
determined concentrations (250.00, 125.00, 62.50, 31.25, 15.63, 7.81, 
3.90, 1.95, 0.98, and 0.49 μg/mL). The samples were filtered with a 
0.45 μm polyvinylidene difluoride membrane (PVDF) filter before being 
injected into the HPLC. A linear regression curve with an R2 = 1.00 was 
obtained.

2.2.3. Physicochemical properties of ivermectin

2.2.3.1. Solubility of ivermectin in phosphate buffer solution. The water 
bath (Grant® JB series water bath, Grant Industries, Cambridgeshire, 
United Kingdom) equipped with a Variomag® magnetic stirring plate 
(Variomag, Daytona Beach, Florida, United States of America) was set a 
temperature of ~32 ◦C (normal skin temperature) [13]. Thereafter, 5 mL 
of PBS (pH 7.4) was added to each of four labeled test tubes. Three test 
tubes were oversaturated with ivermectin, while the last test tube was 
used as a control (contained no ivermectin). The four tubes were placed 
in a water bath to ensure that they properly dissolved. In addition, a 
small magnetic stirrer was added to each of the test tubes to ensure 
continuous stirring. After a 24-h period, 1 mL of each the first three test 
tubes (containing ivermectin) were filtered with 0.45 μm polyfluoro 
tetraethylene (PTFE) filter into three 100 mL volumetric flask and filled 
up to volume with EtOH. The ivermectin solutions were ultrasonicated 
in an Elma Transonic EL540 ultrasonic bath (Elma Schmidbauer GmbH, 
Singen (Hohentwiel), Germany) for 5 min to ensure proper dissolution. 
Finally, 1 mL of each volumetric flask was filtered into marked HPLC 
vials and analyzed in duplicate. The fourth test tube (control) followed 
the same method as the other three samples.

2.2.3.2. Solubility of ivermectin in EtOH:PBS (3:7), n-octanol and EPO.
The solubility of ivermectin in EtOH:PBS in a ratio of 3:7, n-octanol as 

well as EPO was determined during this study following the same 
method as used to determine the solubility of ivermectin in PBS (pH 
7.4). However, 1 mL of the n-octanol solution that contained the satu
rated ivermectin was diluted with 50 mL of EtOH, while 1 mL of the EPO 
solution that contained the saturated ivermectin was diluted with 100 
mL of EtOH, before being analyzed by HPLC.

2.2.3.3. The octanol-buffer distribution coefficient of ivermectin. Equal 
volumes (10 mL) of both the n-octanol and PBS (pH 7.4) were added in 
one beaker and stirred on a stirring plate to ensure that the two phases 
obtained co-saturation. After a 24 h period, the mixture was transferred 
into a separating funnel to separate the phases. The top (n-octanol) and 
bottom phases (PBS, pH 7.4) were transferred into two separate marked 
beakers.

A volume 2 mL pre-saturated PBS (pH 7.4) was transferred into each 
of 3 polytops. Thereafter, a saturated amount of ivermectin was added to 
each polytop and placed in a preheated (~32 ◦C) water bath (Grant® JB 
series water bath, Grant Industries, Cambridgeshire, United Kingdom) 
with a Variomag® magnetic stirring plate (Variomag, Daytona Beach, 
Florida, United States of America) to rotate for 45 min. Thereafter, 2 mL 
pre-saturated n-octanol was added to each polytop containing the PBS 
(pH 7.4) and ivermectin. The polytops were placed in a pre-heated 
(~32 ◦C) shaker bath for 2 h, after which each sample was transferred 
to separate Falcon® tubes for centrifugation for 30 min at 15 557 rcf. A 
volume of 1 mL of each phase (n-octanol and PBS (pH 7.4)) was 
extracted from each sample and diluted with 100 mL EtOH before it was 
filtered with 0.45 μm PTFE membrane; thereafter, it was transferred to 
an HPLC vial, and analyzed by means of the validated HPLC method. 
Finally, the log D was established by using the concentration ratio of 
ivermectin in the n-octanol and PBS (pH 7.4) phases, respectively. 
Equation (1) was used to calculate the log D value. 

Log D=
Concentration of ivermectin in n-octanol

Concentration of ivermectin in PBS (pH 7.4)
Equation 1 

2.2.4. Formulation

2.2.4.1. Formulation of emulgel containing ivermectin. Three emulgels 
containing 2 % ivermectin were formulated containing different ratios 
of surfactants (Tween® 80 and Span® 60) as well as different concen
trations of the gelling agent (Carbopol® Ultrez 20). The oil-phase 
(Span® 60 and ivermectin) and the water-phase (Carbopol® Ultrez 
20, Tween® 80 and UP water) were heated in separate beakers on a 
magnetic stirring plate to a temperature ~80 ◦C. Once the temperature 
was reached, the oil-phase was added to the water-phase in a dropwise 
manner to create an oil-in-water (o/w) emulsion. The mixture was ho
mogenized at a speed of 13500 rpm for 5 min to ensure proper emul
sification. The mixture was left to cool to room temperature (25 ◦C), 
after which a few drops of NaOH was added to adapt the pH and create 
the gel consistency. The selected optimal emulgel was named EG 
(Table 1); in addition, a placebo (no API included) emulgel (named PEG) 
was formulated to serve as a control.

2.2.4.2. Formulation of cream containing ivermectin. Three creams con
taining 2 % ivermectin were formulated each containing different ratios 
of surfactants (Tween® 80 and Span® 60) as well as different concen
trations of the thickening agent (cetyl alcohol). Span® 60, EPO and cetyl 
alcohol made up the oil-phase, while the water-phase contained 
Tween® 80 and UP water. The same method used to formulate the 
emulgels, was used to formulate the cream. The creams were neutralized 
to a pH of ±6.0–6.5 with NaOH. The optimal formulation received the 
name CR (Table 1). In addition, a placebo (devoid of API) cream (PCR) 
was formulated to serve as a control.

2.2.4.3. Formulation of ointment containing ivermectin. Three ointments 
containing 2 % ivermectin were formulated with different ratios of PEG 
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400 and PEG 4000. Both excipients were melted in a beaker on a mag
netic hot plate, after which ivermectin was added to the beaker. A 
magnetic stirrer was inserted into the beaker to ensure continuous 
mixing. After ivermectin completely dissolved, the mixture was left to 
cool down to room temperature (25 ◦C), whilst continuous stirring 
occurred. The selected optimal ointment was named OM (Table 1), and a 
placebo (API absent) ointment (POM) was formulated to serve as a 
control.

2.2.5. Characterization of the semi-solid formulations

2.2.5.1. Visual examination. All the formulations were visually exam
ined on days 1, 3 and 7 following the preparation. This was done to 
determine if any abnormalities such as, flocculation, sedimentation or 
aggregation occurred.

2.2.5.2. pH. The pH of the formulation was measured with a Mettler 
Toledo® pH meter (Mettler Toledo, Columbus, Ohio, United States of 
America). The pH meter was calibrated prior to each measurement. For 
the EG and the CR, the Toledo® InLab® 410 electrode was inserted in 
the beaker and readings were obtained in triplicate. Due to the high 
viscosity of the OM, 1 g of OM was dissolved in 100 mL of UP water 
before the pH could be measured [14].

2.2.5.3. Droplet size and polydispersity index. The Zetasizer Nano ZS 
(Malvern® Instruments LTD, Worcestershire, UK) was used to measure 
the droplet size and polydispersity index (PDI) of the EG and CR. A drop 
of each formulation (EG and CR) was transferred in a 50 mL volumetric 
flask and filled up to volume with UP water. The solutions were ultra
sonicated to ensure proper dissolution. Thereafter, 2 mL was extracted 
from the solution and transferred to a clear disposable square poly
styrene cuvette cell before measurements commenced in triplicate.

2.2.5.4. Zeta-potential. The Zetasizer Nano ZS (Malvern® Instruments 
LTD, Worcestershire, UK) was used to measure the zeta-potential of the 
formulations (EG and CR). The same method used during the determi
nation of the droplet size and PDI was used to prepare samples for zeta- 
potential. The solution (2 mL) was transferred to a clear capillary zeta- 
cell. The measurements were taken in triplicate.

2.2.5.5. Viscosity of the formulations. The viscosity of the formulation 
(EG and CR) was determined with a Brookfield® Viscometer (model DV 
II, Stoughton, Massachusetts, USA). Prior to the measurement of the 

viscosity, the formulations were placed in a thermostatic water-bath 
connected to the viscometer, allowing it to reach a temperature of 
~25 ◦C. A T-F spindle (Stoughton, MA) was inserted in each formula
tion. The Helipath stand (D20733) attached to the equipment raised and 
lowered the rotating spindle. The readings were obtained every 2 min 
for a period of 10 min, after which the viscosity (cP) was calculated.

2.2.6. Membrane release studies
The membrane release studies were performed on all three formu

lations (i.e., EG, CR, OM). This was done to determine whether the API 
was released from the formulation. A PVDF synthetic membrane (Pall® 
life Sciences, Port Washington, New York, United states of America) was 
carefully mounted between the donor and the receptor phase of each 
Franz cell. Dow® corning high vacuum grease was applied to the donor 
and receptor phases of each Franz cell to allow the two compartments to 
adhere properly. A small magnetic rod was inserted, which would allow 
continuous stirring throughout the membrane release studies. The PVDF 
membrane was carefully placed on the receptor compartment. The two 
phases were carefully positioned on top of each other, and vacuum 
grease was applied around the edges of the two phases. The cells were 
secured with horseshoe clamps to prevent leakage. A volume of 2 mL 
pre-heated (37 ◦C) EtOH:PBS (3:7) was transferred to each Franz cell’s 
receptor compartment. The cells were inspected to ensure that no air 
bubbles were present. A volume of 1 mL of pre-heated (32 ◦C) formu
lation (EG, CR and OM) was added to the donor compartment of 10 
Franz cells. The remaining 2 cells received the placebos (PEG, PCR and 
OM). Parafilm® was placed over each Franz cell and plastic caps were 
placed over to properly cover the donor compartment. The 12 Franz 
cells were secured in a Franz cell tray and transferred into a pre-heated 
(~37 ◦C) water bath (Grant® JB series water bath, Grant Industries, 
Cambridgeshire, United Kingdom). The study was performed over 6 h 
with hourly extractions of the content from the receptor phase. Addi
tionally, after each extraction, the receptor compartment was re-filled 
with 2 mL of fresh PBS (pH 7.4 at 37 ◦C). The extraction fluid was 
transferred into marked HPLC vials to be analyzed.

2.2.7. Skin diffusion studies

2.2.7.1. Skin preparation. For this study, donated female Caucasian 
abdominal skin (ethical approval reference number: NWU-00111-17- 
A1-19 obtained from The North-West University Health Research 
Ethics Committee (NWU-HREC)) was used. After informed consent was 
obtained from the donors, the skin was collected from the surgeons and 
refrigerated at − 20 ◦C. The skin was prepared by using a Dermatome™ 
(Zimmer TDS, UK) to cut the skin to a thickness of approximately 400 
μm. The dermatomed skin was placed on Whatman® filter paper, 
wrapped in aluminum foil and kept at − 20 ◦C. Prior to the start of each 
skin diffusion study, the frozen skin samples were thawed, and inspected 
for any abnormalities, before being cut into ±15 mm diameter circles. 
The skin circle was mounted between the two compartments of the 
Franz cells.

2.2.7.2. Skin diffusion. A similar method used during membrane release 
studies, was applied during the in vitro skin diffusion studies, except that 
the PVDF membranes were replace with dermatomed skin circles. The 
skin was mounted between the donor and receptor compartments with 
the stratum corneum facing upwards. Initially, 2 hourly extractions were 
taken over 12 h; however, no transdermal data was obtained for any of 
the formulations; therefore, a single extraction after 12 h occurred.

2.2.8. Tape stripping
Tape stripping was performed after each of the 12-h skin diffusion 

studies. The two compartments of the Franz cells were carefully dis
assembled. The skin samples were removed and pinned onto a piece of 
Parafilm® covering a hard surface. A paper was used to gently dab the 

Table 1 
Formulas for semi-solid formulations (50.00 g).

Phase Excipients EG (%w/w; 
g)

CR (%w/w; 
g)

OM (%w/w; 
g)

Oil phase Ivermectin 2.0 % (1.00 
g)

2.0 % (1.00 
g)

–

EPO 20.0 % 
(10.00 g)

20.0 % 
(10.00 g)

–

Span® 60 2.0 % (1.00 
g)

2.0 % (1.00 
g)

–

Cetyl alcohol – 10.0 % 
(5.00 g)

–

Water phase Carbopol® 
Ultrez 20

0.4 % (0.20 
g)

– –

Tween® 80 4.0 % (2.00 
g)

3.0 % (1.50 
g)

–

UP water qs qs –

Water soluble 
base

PEG 400 – – 56.0 % 
(27.00 g)

PEG 4000 – – 42.0 % 
(21.00 g)

Ivermectin – – 2.0 % (1.00 
g)
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excess formulation on the skin. Approximately 16 pieces of 3M Scotch® 
Magic™ tape (pre-cut into small pieces) was used to remove the stratum 
corneum-epidermis (SCE); however, the first strip was discarded to 
avoid any possible contamination. The remaining strips were added into 
marked polytops containing 5 mL EtOH (extraction fluid). The glistening 
skin remaining after the removal of the SCE, which is the epidermis- 
dermis (ED), was cut into smaller pieces and transferred to marked 
polytops containing 5 mL of EtOH. All the polytops were refrigerated 
overnight (12 h). Thereafter, a small quantity of each polytop was 
extracted, filtered with a 0.45 μm PTFE filter and transferred into 
marked HPLC vials for analysis, which determined the amount of iver
mectin in the SCE and ED, respectively.

2.2.9. In vitro cytotoxicity assay

2.2.9.1. Cell culture cultivation. A significant portion of epidermal cells 
contain keratinocytes (90–95 %); therefore, the use of human epidermal 
keratinocytes (HaCaT) can be used to assess the cytotoxicity [15,16]. In 
addition, one of the three primary cell types in the skin are fibroblasts 
[17]. BJ-5ta cells (fibroblast cells of human origin) are responsible for 
collagen production and homeostasis of dermal connective tissues [18]. 
For this study, the cytotoxicity of ivermectin (IVM), the different for
mulations (EG, CR and OM) and their placebo’s (PEG, PCR and POM) 
were investigated through exposure to HaCaT and BJ-5ta cells.

2.2.9.2. Cell culturing conditions. HaCaT and BJ-5ta cells were pre
served in a flask containing high-glucose DMEM. The HaCaT cell line 
contained added L-glutamine (2.0 mM), 10 % FBS, 1 % NEAA, 1 % pen/ 
strep, while the BJ-5ta cell line also contained Hygromycin® (5 mg/mL). 
Both flasks were incubated in an ESCO Cell Culture CO2 incubator 
(ESCO Technologies, Inc., Missouri, United States America) at 37 ◦C 
with a 95 % humidified atmosphere with 5 % CO2. The cells were 
inspected every 48 h to check for undesirable bacterial growth. When 
80–90 % cell confluency was reached, the cells were treated with 
trypsin. Trypsinisation is done to ensure the detachment of cells from the 
primary culture vessel [18], which will allow cells to be transferred to a 
new vessel where ideal multiplication is possible. Method of exclusion 
(Trypsin-Versene® ETDA and Trypan blue solution (0.4 %)) was used to 
establish the concentration of viable cells in the cell suspension. The cell 
suspension was diluted with growth media to reach a final concentration 
of 75000 cells/mL for the HaCaT cells and a 60000 cells/mL for the 
BJ-5ta cells. The HaCaT cells needed to be at a density of 15000 cells per 
well, whereas the BJ-5ta cells needed to be at a density of 12000 cells per 
well. Consequently, a multichannel pipette was used to pipette 200 μL of 
seeding solution into each well. To ensure adequate cell recovery, the 
cells were then incubated for 24 h. Following the incubation, the cells 
were treated with different concentrations of IVM, EG, CR, OM, PEG, 
PCR and POM.

2.2.9.3. Methylthiazol tetrazolium (MTT-assay). For the MTT-assays of 
both HaCaT and BJ-5ta cells, 60 wells per plate were treated. In total, 
four 96-well plates were used for each cell line. A MTT concentration of 
0.5 mg/mL is required for an MTT-assay [19]. After exposure to treat
ment for 12 h, the plates were removed from the incubator, the treat
ment solution was aspirated and rinsed with 100 μL of phosphate buffer 
saline (x2). DMSO wells were filled with 200 μL of pre-heated (37 ◦C) 
non-additive DMEM, while the treated, untreated and dead rows 
received 180 μL of non-additive DMEM. A volume of 20 μL of 
MTT-solution were added to the rows containing the 180 μL of 
non-additive DMEM. Before incubating the trays in the CO2 incubator 
for 4 h, they were wrapped in aluminum foil since the MTT-solution is 
light sensitive. The wells were aspirated at the conclusion of the 4-h 
period, and 200 μL of DMSO was then added to each well to dissolve 
the crystals that had formed. Once more, aluminum foil covered the 
plates, and they were shaken for an hour to dissolve the formazan 

crystals. Each plate was then thoroughly analyzed by the SpectraMax® 
Paradigm® multi-mode microplate reader (Molecular Devices, San Jose, 
California, United States of America). The microplate reader was 
controlled by the SoftMax® Pro 6.2.1 software, and the absorbance was 
programmed to measure at a cell signal of 560 nm with a background 
signal of 630 nm.

2.2.9.4. Neutral red (NR) assay. Following the 12 h treatment, the 
plates were removed from the incubator and all the wells were aspirated. 
Once again, the rows were rinsed twice with 100 μL of phosphate buffer 
saline to ensure that no treatment was left on the cells. Non-additive 
DMEM (200 μL) was added to the solubilization blank wells. A volume 
of 200 μL of the filtered 10.00 % (v/v) neutral red solution (NRS) was 
transferred to the treated, untreated, and dead cell control wells. The 
plates were covered in aluminum foil and incubated for 2 h. After the 2 h 
incubation period, the wells were aspirated and 100 μL of NR-fixative 
(1.0 % calcium chloride in 0.5 % formaldehyde) was added to the 
cells. Immediately thereafter, the wells were aspirated. Lastly, 150 μL of 
NR-solubilization solution (1 % acetic acid in 50 % ethanol) was added 
to the wells, the plates were wrapped in aluminum foil and placed in a 
shaker for 10 min. The same microplate reading used during the MTT- 
assays was utilized to read the plates; however, the SoftMax® Pro 
6.2.1 software allowed the absorbance to be set at 540 nm with a 
background signal of 690 nm.

2.2.9.5. Data analysis. During the membrane release studies, the 
average cumulative amount per area released (μg/cm2) of ivermectin 
from each formulation was plotted against time [20]. A linear regression 
curve was obtained, where the slope indicates the average API flux 
(μg/cm2.h) [21]. Additionally, the %API released was calculated from 
the initial concentration incorporated into each formulation. Skin 
diffusion studies was performed over 12 h, after which the average 
amount per area diffused (μg/cm2) after 12 h was calculated. The %API 
diffused from initial concentration was established. Lastly, an average 
and median concentration (μg/mL) of ivermectin in the SCE and ED was 
determined following the analysis of the tape stripping samples.

2.2.10. Statistical data analysis
The membrane release data was analyzed using pair-wise Mann- 

Whitney U tests with Bonferroni adjustments of the p-values. The tape 
stripping data compared the SCE and ED with each other for each 
formulation using a two-way ANOVA. Tukey’s honestly significant dif
ference (HSD) test was used as a post-hoc test to determine any statis
tically significant difference between groups. All membrane release and 
transdermal statistical analyses were done using Python 3.9 and the 
Statsmodels library.

3. Results and discussion

3.1. Physicochemical properties of ivermectin

3.1.1. Solubility of ivermectin in PBS, EtOH:PBS (3:7), n-octanol and EPO
The solubility of ivermectin in PBS (pH 7.4) was calculated as 0.013 

± 0.007 mg/mL. Ivermectin’s aqueous solubility does not comply with 
the ideal value (>1.000 mg/mL) required for transdermal drug delivery. 
Due to the exceptionally low aqueous solubility, EtOH was added to PBS 
to enhance the sink conditions [22]. The aqueous solubility increased 
significantly (700 %) upon the addition of 30 % EtOH (EtOH:PBS (3:7)) 
with a solubility of 0.091 ± 4.839 mg/mL. The solubility in n-octanol 
was determined as 162.778 ± 1.8633 mg/mL, which supported iver
mectin’s high affinity for the lipophilic phase. The solubility of iver
mectin in EPO was 4.971 ± 0.06 mg/mL.

3.1.2. Octanol-buffer distribution coefficient of ivermectin
The octanol-water partition coefficient (log P) and log D can be used 
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to determine the lipophilicity of compounds [23]. The experimental log 
D of ivermectin was calculated as 3.69; however, it differed slightly from 
the reported log P of 3.20 [24]. These experimental differences can be 
attributed to variations in experimental conditions such as temperature 
and the use of PBS instead of water [25,26]. Furthermore, a log P be
tween 1.00 and 3.00 indicates that an API possesses both lipophilic as 
well as hydrophilic properties, these drugs are considered suitable for 
transdermal drug delivery [10]. Ivermectin’s log P (literature) and 
experimentally determined log D both indicate that it is indeed a lipo
philic API.

3.2. Characterization of each drug delivery vehicle

3.2.1. Visual examination
None of the three formulations showed any abnormalities such as 

flocculation, aggregations, or sedimentation. Both the EG and the CR 
presented with a white color and a smooth homogenous texture with the 
CR having an added glossy appearance. The color of the OM was slightly 
opaque, and the texture was homogenous with no presence of lumps.

3.2.2. pH
Table 2 exhibits the pH measurements obtained for all formulations. 

The EG, containing Carbopol® Ultrez 20, was adapted to a pH of 
approximately 6. This was done to create a desired gel consistency since 
NaOH reacts with Carbopol® to create a gel network. The CR was 
adapted to reach a pH that correlates with the EG’s pH. The OM ob
tained a pH of approximately 5. Nevertheless, all three formulations 
obtained pH values safe for skin application (between 4 and 7) according 
to Hadgraft [27].

3.2.3. Droplet size and PDI
Table 2 compares the droplet sizes and PDI values of the EG and CR. 

The droplet size of an emulsion can give insight to its ability to penetrate 
the outermost layer of the skin. Droplet sizes smaller than 3 μm will 
readily penetrate the stratum corneum [28]. Both the EG and the CR 
contained values smaller than 3 μm; therefore, theoretically both for
mulations should be able to penetrate the stratum corneum. Moreover, 
PDI refers to the polydispersity of a dispersion and its homogeneity [29,
30]. A PDI between 0.15 and 0.5 indicates good homogeneity, where a 
PDI higher than 0.5 and closer to 1.0 indicates an extensive variety 
between the particle’s sizes [31–33]. The EG obtained a good PDI, 
indicating a homogenous distribution of particle sizes. The CR obtained 
a large PDI in comparison to the EG; however, it was still considered as 
an emulsion with homogenous particle size distribution.

3.2.4. Zeta-potential
Zeta-potential speaks to formulation stability and ability to with

stand environmental conditions [34,35]. For an emulsion to be classified 
as stable, the zeta-potential should be higher than +30 mV or lower than 
− 30 mV [36]. Both the EG and the CR obtained good zeta-potential 
readings (Table 2), which indicated a high physical stability; however, 
the EG obtained a value considerably higher in comparison to that of the 
CR. The zeta-potential can be affected by droplet size; as droplet size 
increases, so does the droplet charge, which raises the zeta-potential 
[37], this statement is proven correct since the EG obtained a larger 

droplet size and a higher zeta-potential measurement in comparison to 
those of the CR.

3.3. Membrane release studies

Table 3 indicates the data obtained during membrane release studies; 
however, the median flux values were used to discuss the results of the 
membrane release studies, since it is less effected by outliers than the 
average [38]. Furthermore, Fig. 1 is included as a visual representation 
of the data obtained. Upon comparing the median flux value (μg/cm2.h) 
for each formulation, it was established that the OM obtained the 
highest median flux, followed by the EG and lastly, the CR. The CR 
obtained a median flux significantly lower in comparison to the other 
two formulations. The cetyl alcohol in the CR is usually incorporated 
into topical/transdermal formulations as a structure forming agent, 
which will create a gel network; subsequently, stabilizing the formula
tion [39]. The decreased flux seen in the EG in comparison to OM might 
be the result of an added gelling agent (Carbopol® Ultrez 20) since the 
addition of such an excipient tend to decrease the release of an API from 
the formulation due to its ability to create a film-forming effect [40,41]. 
Additionally, gel structures inside a vehicle can encapsulate drug par
ticles and further aid in controlled release of an API [42]. Both the EG 
and CR contained gelling/thickening agents, explaining the lower flux 
in comparison to the OM that contained no gelling/thickening agents. 
However, the significantly lower flux of CR in comparison to EG can 
possibly be attributed to the quantity of the gelling/thickening agent 
incorporated into each formulation. The EG contained 0.4 % of a gelling 
agent, while the CR contained a much larger concentration of 10.0 %. 
The OM obtained a superlative flux in comparison to the EG and the CR. 
This might be attributed to the OM’s single-phase semi-solid composi
tion [43], where the API is dissolved in PEG 400. Consequently, the API 
was immediately available for diffusion [44]. The membrane release 
studies provided insightful information about each formulations’ ca
pacity to release the API. Since the API was released from all the for
mulations, the in vitro skin diffusion studies could commence. The 
one-way Anova revealed that no significant difference existed between 
the median flux values from the EG and OM formulations. The post-hoc 
test revealed that there was statistically significant differences between 
EG and CR (p = 0.0021) and between OM and the CR (p = 0.0021). The 
EG and the OM displayed a membrane release significantly higher (p <
0.01) than that obtained from the CR (see Fig. 2).

3.4. Skin diffusion

The in vitro skin diffusion studies revealed that the OM was the only 
formulation to deliver ivermectin transdermally, obtaining a median 
amount per area diffused of 0.651 μg/cm2 (average amount per area 
diffused of 0.859 ± 0.520 μg/cm2) after 12 h (n = 6). It was speculated 
that there were various mechanisms that contributed to the successful 
diffusion of the OM through the skin opposed to the EG and the CR. A 
recent study on solubility of a lipophilic drug in PEG 400, concluded that 
higher levels of PEG 400 led to an increased solubility of the drug [45]. 
Based on this phenomenon, it was speculated that ivermectin might be 
more solubilized in the PEG 400. Due to the OM’s possible solubilization 
capacity, a concentration gradient might have formed, acting as a 

Table 2 
Characterization results of the formulations.

pH Viscosity 
(cP)

Droplet size 
(r.nm)

PDI Zeta-potential 
(mV)

EG 5.997 ±
0.036

28388 ±
209.51

315.5 ±
6.248

0.120 ±
0.093

− 51.5 ±
1.307

CR 5.914 ±
0.021

37048 ±
1246.95

119.4 0.625 0.453 ±
0.021

− 34.0 ±
0.895

OM 5.007 ±
0.008

– – – –

Table 3 
The average %release (%) together with the average and median flux (μg/cm2.h) 
for each formulation after a 6 h membrane release study. The number of Franz 
cells used is indicated through n.

n Average 
%released (%)

Average flux (μg/cm2.h) Median flux (μg/cm2.h)

EG 6 2.510 122.59 ± 21.35 122.82
CR 6 0.020 1.02 ± 0.27 1.01
OM 6 2.341 167.43 ± 42.07 175.03
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driving force for the passive diffusion of ivermectin across the skin layers 
[46]. Furthermore, a comparison of the structural composition of the 
OM, EG and CR led to the following observations. The OM consisted of a 
single phase, while the EG and the CR are both o/w-emulsions, which 
are classified as multiphase semi-solid formulations [43]. As mentioned 
before, ivermectin from the OM (single phased) will be immediately 
available for skin diffusion since it avoids partitioning from an aqueous 
domain to a lipid domain, in contrast to the multiphased semi-solid 
formulations (EG and the CR), where drug particles must partition be
tween the oil and water phase, before it can be available for permeation 
through the skin [44]. Furthermore, the 12 h contact of the OM with the 
skin might have caused hydration of the stratum corneum, which led to 
swelling and opening of the skin structure, allowing the API to penetrate 
through the skin [47]. Ointments in general are considered occlusive, 
which may increase the reservoir volume available to drugs within the 
stratum corneum, leading to an increased absorption (up to tenfold) 

according to Ref. [48]. Although, EPO was included in both the EG and 
the CR as oil phase and penetration enhancer in attempt to overcome the 
barrier properties of the skin [49], both formulations were unsuccessful 
in enhancing the transdermal drug delivery of ivermectin. However, the 
OM contained PEG 400, which has been included in some transdermal 
formulations as a penetration enhancer [50]. This may have been 
attributed to further alteration in the barrier properties of the skin.

Upon investigation of the concentration of ivermectin that diffused 
through the skin and the clinical relevancy of ivermectin, the following 
was established. Ivermectin is used in the systemic treatment of 
onchocerciasis; upon the administration of single dose of ivermectin 
(150 μg/kg), a peak plasma concentration of 40 ng/mL is reached [51]; 
however, it is difficult to determine whether the concentration iver
mectin obtained from the OM will produce a therapeutic effect, since 
skin metabolism influences transdermal drug delivery and in vitro 
studies does not directly correlate to human skin due to the inability of 

Fig. 1. Average cumulative amount per area released (μg/cm2) of ivermectin over 6 h during the membrane release studies from all three formulations (EG, CR 
and OM).

Fig. 2. Boxplot displaying the average and median flux (μg/cm2/h) of ivermectin from the different formulations (EG, CR and OM) during the membrane release 
studies over a period of 6 h. The ** indicates statistically significant differences.
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these studies to mimic exact skin conditions [21].

3.5. Tape stripping

3.5.1. Stratum corneum-epidermis
The median concentration (μg/mL) of ivermectin in the SCE 

(Table 4), revealed that the API was delivered into the SCE from all three 
formulations (see Fig. 3). The EG obtained the highest median concen
tration, followed by the OM and lastly, the CR.

The fatty acids in EPO, acting as chemical penetration enhancers 
[52], might have contributed to the delivery of ivermectin into the SCE 
from the EG and CR. The CR and the EG contained the same amount of 
EPO; however, the concentration of ivermectin delivered from the CR in 
the SCE was significantly lower than that of the EG. Therefore, it can be 
concluded that the EPO (acting as penetration enhancer) was not the 
only mechanism that contributed to the delivery of ivermectin into the 
SCE. Furthermore, the addition of Carbopol® Ultrez (gelling agent) in 
the EG might have assisted in the higher ivermectin concentration ob
tained in the SCE for the EG in comparison to the OM and CR, since this 
gelling agent is known to cause a film-forming effect when applied onto 
the skin. This film-forming effect might have assisted with the pene
tration into the SCE [41]. It is important to mention, that the incorpo
ration of gelling agents into a formulation, can increase the API’s affinity 
for the lipophilic SCE [53]. The lipophilic stratum corneum is a formi
dable barrier that hinders skin penetration [54], but considering that 
ivermectin is lipophilic in nature (due to its high log P of 3.2 [24], it 
should be able to penetrate the lipophilic stratum corneum with ease, 
while the remaining hydrophilic layers of the skin will rather present a 
barrier to its permeation [47]. With this bore in mind, the ivermectin 
found in the SCE could be due to the API’s lipophilicity and its affinity 
for the lipophilic barrier rather than the formulations’ ability to over
come the barrier properties. The concentration present in the ED for 
each of the formulations will better reflect on the formulation’s role in 
overcoming the barrier properties of the SCE.

3.5.2. Epidermis-dermis
Upon comparing the median concentration of ivermectin found in 

the ED (Table 4), it was established that the OM delivered the highest 
concentration of ivermectin into the ED, followed by the EG. No iver
mectin was found in the ED from the CR (see Fig. 3).

Despite ivermectin’s high lipophilicity, it was observed that the API 
was not retained in the lipophilic SCE but penetrated through to the 
hydrophilic ED layer from both the OM and the EG Ref. [53]; suggesting 
that the lipophilic matrix barrier was overcome by both formulations 
(OM and EG) [55]. Once again, a concentration gradient might have 
facilitated the permeation from the SCE to the ED due to high concen
trations of ivermectin obtained from the EG and the OM in the SCE 
(Williams, 2018:718).

To establish therapeutic effectivity of the formulations, the results 
were compared with Soolantra®, a market product containing 1 % 
ivermectin, indicated for topically treatment of inflammatory lesion of 
rosacea [56]. There is uncertainty regarding the pathophysiology of 
rosacea; however, it might be caused by the overgrowth of the Demodex 
mites, which are natural fauna of the skin, prevalent in the sebaceous 

glands [57,58]. Literature states that after 1 g of the preparation was 
applied, the maximum ivermectin plasma concentration of 2.10 ng/mL 
was reached after 10 ± 8 h [56]. Therefore, a conclusion can be drawn 
that both the OM (0.673 μg/mL in ED) and the EG (0.215 μg/mL in ED) 
might be valuable in the treatment of rosacea. Moreover, it is important 
to once again mention that the in vitro ED results obtained during this 
study cannot be directly compared to in vivo concentrations obtained 
[21].

A two-way ANOVA was performed to determine statistically signif
icant differences. The post-hoc tests showed that there were statistically 
significant differences between the concentration of ivermectin present 
within SCE and the concentration of ivermectin present in ED (p < 0.05). 
Furthermore, statistically significant differences were established be
tween the following groups: EG and SCE with EG and ED, EG and SCE 
with OM and ED, EG and SCE with CR and SCE, EG and SCE with CR and 
ED, EG and ED with OM and SCE, OM and SCE with OM and ED, OM and 
SCE with CR and SCE, as well as OM and SCE with CR and ED.

3.6. In vitro cytotoxicity

The untreated control group (with 100 % viability) is used to mea
sure cell viability. By deducting the initial percentage of viable cells 
from the untreated control group, a regression line was created [59]. 
Results obtained were presented as a mean ± SD. Figs. 4–5 exhibit the 
cytotoxicity for the NR- and MTT-assays on both the HaCaT and BJ-5ta 
cell lines.

3.6.1. MTT-assay
Upon exposure of the treatments (IVM, EG, CR and PCR) at the 

highest concentration (4.00000 μg/mL) to the HaCaT cell line, strong 
cytotoxicity (%cell viability <40 %) was observed, PEG showed mod
erate cytotoxicity (%cell viability of 40–60 %), while OM and POM 
showed weak cytotoxicity (%cell viability of 60–80 %). No cytotoxicity 
(%cell viability >80 %) was observed for IVM, EG and PEG when HaCaT 
cells were exposed to a treatment concentration of 0.00315–0.25000 μg/ 
mL, for CR at concentrations between 0.00315 and 0.12500 μg/mL, for 
OM at concentrations of 0.00315–0.25000 μg/mL and 1.00000 μg/mL, 
and for POM at concentration of 0.50000 μg/mL and lower. However, 

Table 4 
The average and median concentration (μg/mL) of ivermectin from the different 
formulations found in the SCE and ED after 12 h. The number of Franz cells used 
is indicated through n.

n Average 
concentration 
in the SCE (μg/ 
mL)

Median 
concentration 
in the SCE (μg/ 
mL)

Average 
concentration 
in the ED (μg/ 
mL)

Median 
concentration 
in the ED (μg/ 
mL)

EG 9 4.533 ± 2.334 4.537 0.402 ± 0.472 0.215
CR 9 1.437 ± 0.887 1.187 0.000 ± 0.000 0.000
OM 6 3.887 ± 4.264 2.541 0.908 ± 0.449 0.673

Fig. 3. Boxplot indicating the average and median concentration (μg/mL) of 
ivermectin from the different formulations (EG, CR and OM) delivered to the 
SCE and ED after the 12 h skin diffusion study.
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PCR exhibited moderate cytotoxicity at 1.00000 μg/mL and weak 
cytotoxicity at concentrations of 0.00315–0.50000 μg/mL.

At the highest concentrations (4.00000 μg/mL), the exposure to the 
BJ-5ta cell line revealed that IVM and EG were considered weak cyto
toxic (%cell viability of 60–80 %), PEG, OM and POM showed moderate 
cytotoxicity (%cell viability of 40–60 %), while CR and PCR obtained 
strong cytotoxicity (%cell viability <40 %). No cytotoxicity (%cell 
viability >80 %) was observed when IVM and EG were exposed to 

concentrations between 0.00315 and 2.00000 μg/mL, when PEG, POM, 
CR and PCR were exposed to concentrations between 0.00315 and 
0.50000 μg/mL, and when OM was exposed to concentrations between 
0.00315 and 0.25000 μg/mL.

3.6.2. NR-assay
The following observations were made regarding the HaCaT cell 

lines upon exposure to the highest concentration (4.00000 μg/mL): IVM, 

Fig. 4. %Cell viability of HaCaT cells after 12 h exposure to the different concentrations of a) IVM, EG and PEG and b) CR, PCR, OM and POM treatments versus the 
untreated control (Ctrl) during the MTT-assay and c) IVM, EG and PEG and d) CR, PCR, OM and POM treatments versus the untreated control (Ctrl) during the 
NR-assay.
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OM and POM was considered weakly cytotoxic (%cell viability of 60–80 
%), CR, EG and PEG was moderately cytotoxic (%cell viability of 40–60 
%), while PCR was strongly cytotoxic (%cell viability <40 %). No 
cytotoxicity (%cell viability >80 %) was detected after the HaCaT cells 
were exposed to IVM, OM and POM at concentrations of 
0.00315–1.00000 μg/mL, whilst CR, PCR, EG and PEG showed no 
cytotoxicity at concentrations of 0.00315–0.50000 μg/mL (EG also 
showed no cytotoxicity at 1.00000 μg/mL).

Exposure of the treatments to the BJ-5ta cells led to the following 
conclusions: IVM, EG, PEG, OM and POM showed weak cytotoxicity (% 
cell viability of 60–80 %), while CR and PCR revealed moderate cyto
toxicity (%cell viability of 40–60 %) when exposed to the highest con
centrations. No cytotoxicity (%cell viability >80 %) was found for IVM, 
EG, PEG, and CR at concentrations of 1.00000 μg/mL and lower, while 
PCR showed no cytotoxicity at concentrations of 0.50000 μg/mL and 
lower, whereas no cytotoxicity was observed for both OM and POM after 

Fig. 5. %Cell viability of BJ-5ta cells after 12 h exposure to the different concentrations of a) IVM, EG and PEG and b) CR, PCR, OM and POM treatments versus the 
untreated control (Ctrl) during the MTT-assay and c) IVM, EG and PEG and d) CR, PCR, OM and POM treatments versus the untreated control (Ctrl) during the 
NR-assay.
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exposure to concentrations ranging from 0.00315 to 2.00000 μg/mL.

4. Conclusion

The membrane release studies showed that ivermectin was success
fully released from each formulation (EG, CR and OM). Through the in 
vitro skin diffusion and tape stripping studies, it was established that the 
OM was the only formulation to obtain transdermal data, it presented 
with the highest median concentration in the ED and the second highest 
median concentration in the SCE. After investigation, a conclusion could 
be drawn that the structural composition of the OM played a great role 
in its excellent release profile and successful diffusion, since the parti
tioning phenomenon between phases was avoided and the active was 
immediately available for skin diffusion. Furthermore, the EG presented 
with the highest median concentration in the SCE and the second highest 
median concentration in the ED. A concentration gradient formed due to 
high concentrations in the SCE, which might have acted as a driving 
force for the passive diffusion of ivermectin from the EG into the ED. The 
CR obtained the lowest concentration in the SCE and was absent from 
the ED. The poor release of the API from the CR led to poor delivery of 
ivermectin in and across the layers of the skin. This proves that API 
release is an important first step that will affect consecutive steps in the 
drug permeation of an API across the skin. All three formulations 
delivered ivermectin into the SCE; however, it might not be solely 
attributed to the formulation’s ability to overcome the formidable bar
rier but rather the lipophilicity of the API having affinity for the lipo
philic stratum corneum. Nevertheless, it was proven that the type of 
formulation impacts drug delivery in and across the skin [60]. The CR 
and the EG were deemed solely as topical preparations while OM were 
successful in delivering ivermectin transdermally. Despite the uncer
tainty regarding therapeutic effectivity with transdermal concentra
tions, it was established that the EG and the OM might be valuable in the 
treatment of rosacea when compared to plasma levels reached by the 
market product Soolantra®. To conclude, during the in vitro cytotoxic 
evaluation, it was established that moderate to strong cytotoxicity was 
observed during both the MTT- and NR-assay on the HaCaT and BJ-5ta 
cell lines when exposed to the highest concentrations. However, upon 
investigation of the concentrations equivalent to those found in the ED, 
weak to no cytotoxicity was observed.
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