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1. Introduction 

Historically known as “the disease of kings,” gout is one of the oldest 
known types of arthritis, affecting more than 40 million people world
wide, prevalent in patients between 30 and 50 years of age, and 
frequently experienced more by males than females [1–4]. It is a result 
of monosodium urate crystal deposition in tissues (cartilage and joints), 
consequently causing an immune response [5–7]. Clinical manifesta
tions include severe pain and inflammatory attacks affecting common 
joints, chronic joint damage and tophaceous deposits of monosodium 
urate crystals in the skin and joints [1,4]. Gout is an understood and 
manageable rheumatic disease, the treatment of which is mostly 
non-steroidal anti-inflammatory drugs (NSAIDs, i.e., indomethacin and 
naproxen) due to their efficacy and low toxicity when administered 
orally [7,8]. Furthermore, there are three different active pharmaceu
tical ingredients (APIs) used for the treatment of gout, each having 
different mechanisms of action, which includes allopurinol: an API that 
inhibits uric acid production, probenecid: an API that increases uric acid 
excretion and finally, colchicine: an API, which does not affect uric acid 
metabolism or elimination [9]. 

Colchicine is an API used in the treatment of acute gouty arthritis as 
well as prophylaxis for patients who experience reoccurring gout attacks 
[8]. Colchicine is an alkaloid that is isolated from Colchicine autumnale 
(autumn crocus), a plant that possesses anti-inflammatory properties 
[6]. When administered orally, colchicine, presents a decreased 
benefit-toxicity ratio, as it results in dose-dependent gastrointestinal 
adverse effects, such as nausea, vomiting, diarrhoea and abdominal pain 
in 50–80% of patients before achieving an outcome of gout relief [6,8]. 
Colchicine has a narrow therapeutic toxicity window and can be very 
toxic when used inappropriately, where gastrointestinal symptoms are 
usually the first feature of colchicine toxicity [7]. Due to colchicine’s 
small therapeutic window, the transdermal delivery of colchicine may 
subsequently improve patient compliance through the relief of gout 
symptoms, while still avoiding any dose-dependent gastrointestinal 
adverse effects. This study will focus on the transdermal delivery of 

colchicine, which subsequently may improve patient compliance to 
relieve gout symptoms by avoiding any dose-dependent gastro-intestinal 
adverse effects. 

2. Materials and methods 

2.1. Materials 

Colchicine came from DB Fine Chemicals (Sandton, South Africa). All 
formulated hydrogels, emulgels and nano-emulgels contained Carbo
pol® Ultrez 20, purchased from Lubrizol (Durban, South Africa). Each 
emulgel, nano-emulsion and nano-emulgel contained surfactants, 
Span® 60 (lipophilic surfactant) and Tween® 80 (hydrophilic surfac
tant) (both obtained from Sigma-Aldrich, Johannesburg, South Africa) 
and evening primrose oil (EPO) (Scatter Oils, Johannesburg, South Af
rica). The phosphate buffer solution (PBS; pH 7.4) was prepared with 
sodium hydroxide (NaOH) and potassium dihydrogen phosphate 
(KH2PO4), both purchased from Sigma-Aldrich (Johannesburg, South 
Africa). Throughout this study, ultrapure (UP) water was used and ob
tained from the Direct Pure® Ultrapure laboratory water purification 
system (Merck-Millipore, Midrand, South Africa). During each high- 
performance liquid chromatography (HPLC) experiment, there was 
chromatography grade acetonitrile and methanol used in addition to 
analytical grade formic acid, all purchased from Associated Chemical 
Enterprises (ACE) (Johannesburg, South Africa). Dow Corning® high 
vacuum grease, Whatman® filter paper and Parafilm® (obtained from 
Separations, Randburg, South Africa) were used during membrane 
release and skin diffusion studies. Dulbecco’s Modified Eagle’s Medium 
(DMEM) (purchased from HyClone, Separations, Johannesburg, South 
Africa), 1% non-essential amino acids (NEAAs), 1% penicillin/strepto
mycin (10000 U/ml) (both obtained from Lonza, Whitehead Scientific 
(Pty) Ltd, Cape Town, South Africa), 10% foetal bovine serum (FBS; 
Gibco, Thermo Fisher Scientific, Johannesburg, South Africa), 
hygromycin (Sigma-Aldrich), Trypsin-Versene® ethylenediaminetetra
acetic acid (EDTA) (Lonza, Whitehead Scientific (Pty) Ltd, Cape Town, 
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South Africa) and Trypan Blue solution (0.4%) (HyClone, Separations, 
Johannesburg, South Africa) were utilised during the cytotoxicity 
studies. 

3. Methods 

3.1. Quantification of colchicine 

An HPLC method for colchicine was developed and validated, in 
which all the chromatographic conditions were controlled. There was a 
Shimadzu® Nexera-I LC-2040C 3D HPLC, equipped with a quaternary 
pump, column heater, diode-array detection (DAD) detector and auto
sampler injector mechanism, connected to a LabSolutions Rev. A.10.03 
acquisition and analysis software, which analysed the chromatograms. 
The laboratory in which the apparatus was stationed maintained a 
temperature of ±23 ◦C. A Venusil XBP C18(2) reverse phase column 
(150 × 4.6 mm) (Agela Technologies, Newark, Germany) with a particle 
size of 5 μm was used. The mobile phases consisted of two Phases (A and 
B). Phase A consisted of UP water with 0.1% v/v analytical grade formic 
acid. Phase B consisted of acetonitrile with 0.1% v/v formic acid. Iso
cratic elution was used with 35% of mobile phase A and 65% of mobile 
phase B. A flow rate of 0.8 ml/min and UV detector (235 nm) were set 
accordingly for the detection of colchicine. Moreover, colchicine had a 
retention time of 4.2 min with a total run time of 5.0 min. The calcu
lation of the limit of detection (LOD) and limit of quantification (LOQ) of 
colchicine was as 0.30 μg/ml and 0.93 μg/ml, respectively. 

3.2. Preparation of a standard solution 

A standard solution was prepared for each analysis. This standard 
solution and two dilutions were prepared and injected into the HPLC to 
acquire a linear regression curve. Each standard solution was prepared 
by adding 25 mg of colchicine into a 100 ml volumetric flask and filled 
to volume with chromatography grade methanol. There was 5 ml of the 
standard solution transferred to a 50 ml volumetric flask, and diluted to 
volume with chromatography methanol, resulting in Dilution 1; there
after, 5 ml of Dilution 1 was filled to volume with chromatography grade 
methanol in a 50 ml volumetric flask, resulting in Dilution 2. Each 
sample was filtered using a 0.45 μm polyvinylidene difluoride (PVDF) 
filter and transferred to a marked HPLC vial for analysis. Once each 
HPLC vial was placed into the HPLC chamber, each sample was injected 
at different volumes of 2.5, 5.0, 7.5, 10.0, 20.0 and 25.0 μl, respectively. 
Following this there was a linear regression curve produced with an R2 

value of 1.00. 

4. Physicochemical properties of colchicine 

4.1. Solubility of colchicine in PBS (pH 7.4) 

A water bath (Grant® JB series water bath, Grant Industries, Cam
bridgeshire, United Kingdom) equipped with a Variomag® magnetic 
stirring plate (Variomag, Daytona Beach, United States of America) was 
pre-heated at ~32 ◦C to maintain the epidermal surface temperature 
([10] Pineau et al., 2012). Thereafter, four marked test tubes were filled 
with a volume of 5 ml PBS (pH 7.4) with one test tube used as the pla
cebo (control – PBS (pH 7.4) containing no API), the remaining three 
were oversaturated with colchicine. There was a magnetic stirring rod 
placed into each test tube and inserted into the water bath; the samples 
were left to dissolve for 24 h. Each saturated sample was filtered using a 
0.45 μm PVDF filter and 1 ml of each filtered sample was pipetted and 
transferred to a 100 ml volumetric flask and diluted to 100 ml with 
methanol (chromatography grade). Each diluted sample was sonicated 
for 5 min (using an Elma Transonic EL540 (Elma Schmidbauer GmbH, 
Singen (Hohentwiel) ultrasonic bath)), to ensure adequate dissolution. 
Each diluted solution (1 ml) was filtered using a 0.45 μm PVDF filter and 
transferred to marked HPLC vials for duplicate analysis. The placebo test 

tube followed the same method for the other three samples and analysed 
as the control solution [11]. 

4.2. Solubility of colchicine in n-octanol 

To establish whether colchicine exhibits improved solubility in a 
lipophilic phase, the same method as mentioned for the solubility in PBS 
(pH 7.4) was followed, except n-octanol was used instead of PBS (pH 
7.4). Furthermore, 1 ml of the colchicine saturated n-octanol solution 
was diluted in 50 ml methanol before injection into the HPLC to ensure 
safe use in the HPLC [11]. 

4.3. Solubility of colchicine in evening primrose oil 

The solubility of colchicine in EPO was determined by a solubility 
test, following the same method as mentioned for the solubility in PBS 
(pH 7.4), except there was EPO used instead of PBS (pH 7.4); however, 
the 1 ml of the colchicine saturated EPO was filtered using 0.2 μm 
polytetrafluoroethylene (PTFE) filters, before undergoing dilution with 
methanol (chromatography grade). The HPLC analysis of each sample 
was in duplicate. 

4.4. Octanol-buffer distribution coefficient of colchicine 

There were equal volumes (10 ml) of n-octanol and PBS (pH 7.4) 
transferred into a beaker, containing a magnetic stirrer, and mixed on a 
hot plate for a period of 24 h, ensuring co-saturation of both phases. 
Thereafter, the co-saturated phases were transferred to a separating 
funnel to allow the separation of the phases. Once phase separation had 
occurred, both phases underwent separation into individually marked 
beakers (the top layer consisted of n-octanol and the bottom layer of PBS 
(pH 7.4)). Into three polytops (each containing a magnetic stirrer), there 
was 2 ml of pre-saturated PBS (pH 7.4) added. Thereafter, 324 mg of 
colchicine was added to each polytop sample and placed in a Grant® JB 
series water bath (Grant® JB series water bath, Grant Industries, Cam
bridgeshire, United Kingdom) (pre-heated ~32 ◦C) with a Variomag® 
magnetic stirring plate (Variomag, Daytona Beach, United States of 
America) to rotate for 45 min. n-Octanol (2 ml) was added to each 
polytop containing PBS (pH 7.4) with colchicine and left in a shaker 
water bath (pre-heated ~ 32 ◦C) to rotate for 2 h. Once removed from 
the water bath, the three n-octanol/PBS colchicine samples were 
transferred to three falcon tubes for centrifugation at 11 000 rpm for 30 
min. The supernatant (n-octanol; 1 ml) from each sample was diluted to 
100 ml, using chromatographic grade methanol, and filtered through a 
0.45 μm PTFE filter into a marked HPLC vial for analysis in duplicate. 
PBS (from the bottom layer of the falcon tube; 1 ml) was extracted using 
a micropipette and diluted with chromatographic grade methanol to 
100 ml. Each PBS (pH 7.4) dilution was filtered through a 0.45 μm PTFE 
filter into a marked HPLC vial for analysis in duplicate. The octanol- 
buffer distribution coefficient (log D) was determined using the con
centration ratio of colchicine that was detected in n-octanol and PBS (pH 
7.4), respectively. Using Equation (1), the log D value of colchicine was 
calculated [11]. 

Log D=
Concentration of colchicine in n − octanol

Concentration of colchicine in PBS (pH 7.4)
Equation 1  

4.5. Formulation of hydrogel containing colchicine 

There were three hydrogels formulated to contain 2% colchicine 
with different concentrations (w/w) of Carbopol® Ultrez 20 (gelling 
agent). Carbopol® Ultrez 20 and colchicine were dissolved in the 
aqueous phase (UP water; ~80 ◦C) on a magnetic hot plate. Once all 
components in the aqueous phase dissolved, and allowed to cool to room 
temperature (25 ◦C), each hydrogel was homogenised for 3 min. Each 
hydrogel was neutralised with a few drops of NaOH until there was an 
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appropriate pH reached and an adequate gel structure formed. The 
selected optimised hydrogel received the name HG (Table 1). Addi
tionally, the formulation of a placebo HG (lacking colchicine), named 
PHG, was to function as a control group. 

4.6. Formulation of emulgel containing colchicine 

There were three emulgels containing colchicine (2%), surfactants 
and different concentrations of Carbopol® Ultrez 20 (w/w) formulated. 
Due to colchicine’s good aqueous solubility (vs EPO solubility) and for 
comparison purposes to the HG (which contained colchicine within its 
aqueous phase), colchicine was incorporated into the aqueous phase 
containing Carbopol® Ultrez 20 and Tween® 80 (hydrophilic surfac
tant), which was then heated to ~80 ◦C on a magnetic hot plate. 
Separately, EPO (oil phase) was heated to ~80 ◦C on a magnetic hot 
plate into which Span® 60 (lipophilic surfactant) was added. Once 
dissolution occurred in both phases, the addition of the oil phase was in 
a dropwise fashion to the aqueous phase, forming a course oil-in-water 
(o/w) emulgel, followed by homogenisation and neutralisation (NaOH) 
forming suitable emulgels for skin application. Once characterisation 
was complete, the selected optimised emulgel received the named EG 
(Table 1). Additionally, there was a placebo of EG formulated, named 
PHG, to function as a control group. 

4.7. Formulation of nano-emulsion containing colchicine 

Of note, there was colchicine incorporated into the oil phase (EPO) of 
each nano-emulsion, for the purpose of its penetration enhancing 
properties as nano-droplets, to improve the possible transdermal de
livery of colchicine. There were four o/w nano-emulsions formulated, 
each consisting of EPO, UP water, colchicine (2%) and different ratios of 
surfactants: Span® 60 and Tween® 80. The aqueous phase consisted of 
UP water and Tween® 80 heated to ~80 ◦C on a magnetic hot plate, 
while colchicine and Span® 60 dissolved in EPO (~80 ◦C) on a separate 
magnetic hot plate. Thereafter, the oil phase (EPO, colchicine, and 
Span® 6) was added dropwise into the aqueous phase forming a coarse 
o/w emulsion. Once cooled to room temperature (25 ◦C), each course o/ 
w emulsion underwent sonication using an ultrasonicator to form a 
nano-emulsion. The nano-emulsion that demonstrated the most optimal 
properties was selected and named NE (Table 1). Additionally, a placebo 
NE, named PNE was also formulated to function as a control group. 

4.8. Formulation of nano-emulgel containing colchicine 

There were four nano-emulgels (o/w) formulated using the selected 
NE with different Carbopol® Ultrez 20 concentrations (w/w). After 
adding Carbopol® Ultrez 20 to the aqueous phase containing Tween® 
80, it was heated to ~80 ◦C on a magnetic hot plate. Span® 60 and 
colchicine were dissolved in EPO (oil phase) at ~80 ◦C on a magnetic hot 
plate. Thereafter, the oil phase was added dropwise into the aqueous 
phase forming a coarse emulgel. There were nano-emulgels formed and 
each emulgel was homogenised and neutralised (NaOH) to ensure 
adequate gel formation. The selected optimised nano-emulgel was NEG 

(Table 1). Additionally, the formulation of a placebo NEG, named 
PNEG, was to function as a control group. 

5. Characterisation of each drug delivery vehicle 

5.1. Visual examination 

After formulation of each drug delivery vehicle, a visual examination 
took place to ensure no visual instabilities were present, such as 
creaming, flocculation and sedimentation. Visual examination occurred 
on Days 1, 3 and 7. 

5.2. pH 

pH measurements, implemented in triplicate, were with a Mettler 
Toledo® pH meter (Mettler Toledo, Columbus, United States of Amer
ica). Before pH measurements occurred, the pH meter was calibrated at 
pH values of 4, 7 and 10. Thereafter, the Mettler Toledo® InLab® 410 
electrode was placed into each drug delivery vehicle to measure its pH 
values in triplicate [11]. 

5.3. Droplet size and polydispersity index 

A Malvern Zetasizer Nano ZS (Malvern Instruments, Malvern, United 
Kingdom) measured the droplet size and polydispersity index (PDI) of 
each drug delivery vehicle in triplicate. One drop of each drug delivery 
vehicle (HG, EG, NE and NEG) was placed in separate 100 ml volumetric 
flasks and filled up to volume with UP water. Each volumetric flask was 
placed in an ultrasonic water bath to ensure adequate dissolution, and 
each sample (2 ml) transferred to disposable clear cuvettes followed by 
measurements in triplicate [11]. 

5.4. Zeta-potential 

A Malvern Zetasizer Nano ZS (Malvern Instruments, Malvern, United 
Kingdom) measured the zeta-potential of each formulation in triplicate. 
The same method used for droplet size and PDI was used; however, clear 
disposable capillary zeta-cells were used containing 2 ml of each sample 
[11]. 

5.5. Viscosity 

A Brookfield viscometer DV2T LV Ultra (Brookfield Engineering, 
Middleboro, United States of America) attached to a thermostatic water 
bath measured the viscosity. All drug delivery vehicles were placed in a 
preheated water bath at 25 ◦C for ±60 min before the viscosity was 
measured. Different spindles T-F (HG, EG and NEG), and T-B (NE) were 
attached to the viscometer and set to rotate at speeds (rpm) of 100 (HG 
and EG), 150 (NE) and 200 (NEG). The collection of the viscosity of each 
sample occurred at set multipoint time intervals of 2 min for 10 min 
[11]. 

5.6. Morphology 

Transmission electron microscopy (TEM) images were taken using an 
FEI Tecnai G2 20S-Twin 200 kV high-resolution transmission electron 
microscope (HRTEM) (Czech Republic, Europe) fitted with an Oxford 
INCA X-Sight EDS System. TEM images were of the NE and its placebo 
(PNE) for the comparison of droplet sizes [11]. 

5.7. Entrapment efficiency 

There were entrapment efficiency calculations performed on the 
nano-emulsions only. About 15 ml of each nano-emulsion sample was 
prepared and centrifuged at 23 000 rpm for 15 min at 23 ◦C. Thereafter, 
the oil and water phases were distinguishable. After extracting 

Table 1 
Formula used to produce the different drug delivery vehicles.  

Phase Excipients Drug delivery vehicles (% w/w) 

HG EG NE NEG 

Oil Colchicine – – 2.0 2.0 
EPO – 10.0 20.0 20.0 
Span® 60 – 1.6 8.0 8.0 

Aqueous Colchicine 2.0 2.0 – – 
Carbopol® Ultrez 20 0.6 0.3 – 0.3 
Tween® 80 – 0.4 2.0 2.0 
UP water 97.4 85.7 68.0 71.0  
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supernatant of each sample (200 μl), it was diluted in a 5 ml volumetric 
flask with chromatography grade methanol. A small amount of each 
sample dilution was filtered using a 0.45 μm PTFE filter and placed in 
marked HPLC flasks for analysis. The samples were injected in duplicate. 
A standard solution and two dilutions thereof were prepared and 
injected into the HPLC as previously described, to obtain a linear 
regression curve for analysis of the samples [11]. 

The equation used for entrapment efficiency was as follows: 

Entrapment efficiency (%)=
Actual drug loading

Theoretical drug loading
x 100 Equation 2 

All NEs produced quite poor entrapment efficiency, with the selected 
NE producing the best entrapment efficiency of 32.376%. 

5.8. Membrane release studies 

Membrane release studies were performed with each drug delivery 
vehicle (HG, EG, NE and NEG) to determine whether colchicine was 
released from the different formulated drug delivery vehicles within the 
donor compartment of the Franz cells. There was PVDF membrane 
(Pall® Life Sciences, Port Washington, United States of America) placed 
between the donor and receptor phases of the Franz cell. Each Franz cell 
had Dow Corning® high vacuum grease moderately applied to both 
compartments (the top part of the receptor compartment and the bottom 
part of the donor compartment) to facilitate the two compartments’ 
attachment. Before the attachment of both compartments, there was a 
small magnetic stirring rod placed inside each receptor compartment. 
Thereafter, PVDF membranes (Pall® Life Sciences, Port Washington, 
United States of America), consisting of a pore size of 45 μm and a 
diameter of 25 mm, were cautiously positioned on top of the receptor 
compartment. The vacuum-greased donor and receptor compartments 
were then attached (receptor compartment placed on top of donor 
compartment). Thereafter, there was vacuum grease applied to the 
sides/rims to seal the cells. Horseshoe clamps were fastened over the 
Franz cells, guaranteeing secure and intact cells, and preventing any 
leakage during the study. Preheated (~37 ◦C) PBS (pH 7.4; 2 ml) was 
injected into the receptor compartments of the Franz cells, while a visual 
inspection of the compartment ensured no air bubbles were present. 
Donor compartments were filled with the preheated (~32 ◦C) formu
lation (HG, EG, NE or NEG; two of the donor compartments were filled 
with the respective preheated (~32 ◦C) placebo vehicles (PHG, PEG, 
PNE or PNEG) to function as control groups. Parafilm® sealed the donor 
compartments. The prepared Franz cells were placed in a Franz cell 
stand and immersed into the preheated Grant® JB series water bath 
(~37 ◦C) (Grant® JB series water bath, Grant Industries, Cambridge
shire, United Kingdom) equipped with a Variomag® magnetic stirring 
plate (Variomag, Daytona Beach, United States of America). This guar
anteed the magnetic stirring within each receptor compartment for the 
predetermined period in the water bath. After extracting the PBS from 
each receptor compartment, they were refilled with new PBS (pH 7.4, 
~37 ◦C) at 1 h intervals for a period of 6 h. The receptor phase solution 
was transferred to marked HPLC vials for HPLC analysis to determine 
the concentration of colchicine released [11–13]. 

5.9. Skin diffusion studies 

5.9.1. Skin preparation 
Only once ethical the North-West University Health Research Ethics 

Committee (NWU-HREC) had granted authorisation (Ethics no: NWU- 
00111-17-A1-13) could skin diffusion (in vitro) studies commence. After 
obtaining informed consent, skin collection was from female Caucasian 
donors undergoing abdominoplasty. Once collected, the skin samples 
underwent inspecteion for damage and abnormalities before prepara
tion for the Franz cell studies. To achieve dermatomed skin samples with 
a width of 400 μm, a Zimmer® electric dermatome (Zimmer 201 TDS, 
United Kingdom) was pressed against the skin at an angle of 30–45◦. 

After placing each skin sample on Whatman® filter paper and wrapping 
them in aluminium foil, they were stored in a freezer at − 20 ◦C. Prior to 
the commencement of skin diffusion studies, the skin samples were 
removed from the freezer, thawed and cut into small circles to fit be
tween the two compartments of each Franz cell [11,12,14,15]. 

5.9.2. In vitro skin diffusion studies 
A similar method as mentioned before (under membrane release 

studies) completed the skin diffusion studies on each drug delivery 
vehicle (HG, EG, NE and NEG). However, circular cut, dermatomed skin 
samples were positioned between the two Franz cell compartments 
(instead of a PVDF membrane), with the stratum corneum facing up
ward, in the direction of the donor compartment. After extracting the 
PBS from each receptor compartment, they were refilled with new PBS 
(pH 7.4, ~37 ◦C) at 2 h intervals for a period of 12 h. The receptor phase 
solutions were transferred to marked HPLC vials for HPLC analysis to 
determine the concentration of colchicine, which diffused through the 
dermatoned skin [11,12]. 

5.9.3. Tape stripping 
Once skin diffusion studies were completed, and each Franz cell’s 

compartments detached, the skin sample underwent visual inspection, 
then removed and pinned to a small piece of Parafilm® on a solid sur
face. The skin sample was gently dabbed to remove excess drug delivery 
vehicle. Each pinned skin sample was tape stripped using ±16 pieces of 
3 M Scotch® Magic™ tape, cut into small pieces to fit over the skin 
diffusion area. Rejection of the first strip of tape was to avoid contam
ination. The ±15 Scotch® Magic™ tape strips that remained, were 
pressed against the diffusion area and placed into a marked polytop 
filled with 5 ml methanol (extraction solution) [16]. The remaining 
tape-stripped skin samples were cut into smaller pieces, and placed in 
marked polytops filled with 5 ml methanol. All marked polytops were 
left overnight (±10 h) in a refrigerator at ~4 ◦C. Thereafter, a small 
volume of each solution from each marked polytop was filtered (0.45 μm 
PTFE filter) into marked HPLC vials for analysis [16,17]. The marked 
polytop samples (containing tape strips or pieces of skin) were analysed 
and compared to a regression curve to determine the concentration of 
colchicine present in the stratum corneum epidermis (SCE) and 
epidermis-dermis (ED), respectively [11,12,14,15]. 

5.9.4. In vitro cytotoxicity assays 
The epidermis consists mainly of keratinocytes, which compromise 

roughly 90–95% of the skin cells [18]. Therefore, there can be an 
investigation of cytotoxicity on human epidermal keratinocyte (HaCaT) 
cells, as established by Professor N. E. Fusenig [19,20]. Moreover, fi
broblasts are a vital constituent for the construction of skin substitutes 
consisting of dermal and epidermal components [21]. Fibroblasts are 
conventionally associated with a structural component, involved in the 
synthesis of extracellular matrix [22]. BJ-5ta cells are human skin 
fibroblast cells immortalised with human telomerase reverse transcrip
tase (hTERT) [23,24]. Therefore, in this study the extent of cytotoxicity 
exposed to HaCaT and BJ-5ta cells were investigated through the 
exposure to NE (containing colchicine), PNE (absent of colchicine), and 
the API (colchicine). The high viscosity characteristic of the HGs, EGs 
and NEGs proved to be limiting, therefore it was not possible to perform 
cytotoxicity studies on these formulations. 

5.9.5. Cell culturing conditions 
Both HaCaT and BJ-5ta cells were kept in a flask consisting of DMEM 

with high glucose, L-glutamine (4.0 mM) and sodium pyruvate, L- 
glutamine (2.0 mM), 1% NEAAs, 1% penicillin/streptomycin (10000 U/ 
ml) (HaCaT cell line) and 10% FBS and hygromycin (5 mg/ml) (BJ-5ta 
cell line). The two cell lines cells were incubated in an ESCO Cell Culture 
CO2 incubator (ESCO Technologies, Inc., Missouri, United States of 
America) at 37 ◦C in a 95% humidified atmosphere with 5% CO2. Every 
second day there was an inspection of the cells and their growth media 
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replaced. Once the cells reached a confluency of ±80–90% trypsinisa
tion (the removal of cells from their culture vessel for additional ap
plications) [25,26] commenced to obtain a single cell suspension. Using 
the exclusion method, Trypsin-Versene® EDTA and Trypan Blue solu
tion (0.4%) determined the concentration of viable cells present. The 
HaCaT and BJ-5ta cell suspension were diluted to obtain concentrations 
of 75 000 cells/ml and 60 000 cells/ml, respectively. By transferring 
200 μl of the individual cell suspensions to the wells of the different 
assays the required density of cells was reached (per well 15 000 for the 
HaCaT and 12 000 for the BJ-5ta cell lines). To ensure appropriate cell 
recovery before treatment could commence, the seeded plates were 
incubated for a period of 24 h. After incubation, the cells were treated 
with different concentrations of colchicine (API), NE and PNE for 12 h. 

5.9.6. Methylthiazolyl tetrazolium (MTT) assay 
There was identical treatment of both the HaCaT and BJ-5ta cell 

lines. Once the 12 h treatment exposure period had elapsed, the treat
ment solution aspirated from each well and rinsed twice with 100 μl of 
phosphate buffered saline. The dead cells were killed after 15 min once 
200 μl of Triton™ X-100 (0.2% in phosphate buffered saline) had been 
added. The dimethyl sulfoxide (DMSO) blank wells were filled with 200 
μl of preheated non-additive DMEM, while the untreated, treated, and 
dead wells were filled with 180 μl of preheated non-additive DMEM. 
Wrapped in aluminium foil, as the MTT-solution is light sensitive, each 
cell tray was placed in the CO2 incubator for 4 h, at a temperature of 
37 ◦C, 95% humidity and 5% CO2. Thereafter, each well was aspirated 
and filled with 200 μl of DMSO to dissolve the formed crystals. To 
dissolve the formazan crystals, the plates were covered in aluminium 
foil, and placed on a shaker for 1 h. A SpectraMax™ Paradigm™ multi- 
mode microplate reader (Molecular Devices, California, United States of 
America) analysed each plate and the absorbance was set to measure at a 
cell signal of 560 nm with a background signal of 630 nm. 

5.9.7. Neutral red assay 
The NR-assay also contained the same control groups as mentioned 

for the MTT assay, with the DMSO replaced with a solubilisation blank 
as the only difference. Once the treatment period had elapsed, all wells 
were aspirated and rinsed twice with 100 μl of phosphate buffered sa
line. Thereafter, non-additive DMEM (200 μl) and 200 μl of the filtered 
10.00% (v/v) NRS was added up to volume to the untreated, treated, 
and dead cell control wells. Both plates were covered with aluminium 
foil and incubated for 2 h. Once the 2 h incubation period had elapsed, 
each well was aspirated and 100 μl of NR-fixative (1% calcium chloride 
(CaCl2)) in 0.5% formaldehyde) added to the wells for fixation. Finally, 
150 μl of NR-solubilisation solution (1% acetic acid in 50% ethanol) was 
added to the wells. The plates were then covered and placed on a shaker 
for 10 min. The same plate reader as mentioned for the MTT assay read 
the plates, while the absorbance was set to measure at a cell signal of 
540 nm with a background signal of 690 nm. 

5.9.8. Statistical data analysis 
STATISTICA® 13.3 (StatSoft, TIBCO® Software Inc., Palo Alto, 

United States of America) statistically analysed the obtained data. For 
each drug delivery vehicle during the different diffusion (membrane 
release and in vitro diffusion) studies and tape stripping experiments, 
there were descriptive statistics completed, using box-plots, average and 
median values. 

6. Results and discussion 

6.1. Physicochemical properties of colchicine 

6.1.1. Solubility of colchicine in PBS (pH 7.4), n-octanol and evening 
primrose oil 

The calculation of the experimental solubility of colchicine in PBS 
(pH 7.4) was 14.339 ± 0.993 mg/ml. Colchicine’s exhibits an 

acceptable solubility value for transdermal diffusion, as the aqueous 
solubility was above 1 mg/ml, which is ideal for transdermal drug de
livery [27,28]. 

The calculation of the solubility of colchicine in n-octanol and EPO 
was 162.090 ± 25.585 and 0.209 ± 0.045 mg/ml, respectively. These 
results demonstrated that colchicine is relatively poorly soluble in EPO 
compared to its lipid solubility in n-octanol. This can be a result of the 
complexity of API solubilisation in lipids (EPO) [29]. Many kinetic and 
thermodynamic factors, including physical and chemical environment, 
interfacial tension, molecular volume, etc., influence the solubilisation 
of APIs in lipids [29]. 

6.1.2. Octanol-buffer distribution coefficient of colchicine 
The calculation of log D of colchicine was 1.196. The octanol-water 

partition coefficient (log P) and the log D are both relevant to drug 
delivery, as they describe lipophilicity [30]. This log D value calculated 
for colchicine is close to the log P value stated by Ref. [31] for colchicine 
as 1.300 [32]. In addition, molecules with a log P value in the 
1.000–3.000 range exhibit both aqueous and lipophilic properties [32]. 
Therefore, the conclusion is that colchicine possesses both hydrophilic 
and lipophilic properties. Furthermore, APIs with a log P value of be
tween 1.000 and 3.000, such as colchicine, are optimal for the possible 
transdermal drug delivery [28]. 

6.2. Characterisation of each drug delivery vehicle 

6.2.1. Visual examination 
All drug delivery vehicles (displayed in Fig. 1) showed no signs of 

physical instabilities, such as creaming, sedimentation and/or floccu
lation. All formulated gels (HG, EG and NEG) were glossy and smooth in 
appearance, while all NEs were milky in appearance and consistency. 

6.2.2. pH 
All drug delivery vehicles (HG, EG, NE and NEG in Table 2) 

measured a pH within the range of 5–9, where no skin irritation was 
expected to occur and therefore, all vehicles were deemed safe for skin 
application [28]. 

6.2.3. Droplet size and PDI 
Droplet size (displayed in Table 2) is a vital consideration when 

assessing skin permeation [33]. The NE measured an ideal droplet size of 
smaller than 100 nm and could be a nano-emulsion. The NEG consisted 
of the NE and a gelling agent (Carbopol® Ultrez 20). Carbopol® Ultrez 
20 is characterised by a large molecular weight (100 Megadalton 
(MDa)), which may have affected the average droplet size within the 
NEG, resulting in its droplet size measuring larger than 100 nm [34]. 
The HG measured a droplet size >100.0 nm and <0.1 mm and could 
therefore be classified as a microgel [35–37]. Moreover, the EG 
measured a droplet size larger than 400 nm, therefore, characterising it 
as a macroemulsion with a gelling agent [38]. 

The PDI of a formulation is an important physical property and 
described as the “degree of homogeneity of particles” [39]. A very low 
PDI value (that closest to zero) is indicative of a homogenous formula
tion containing a narrow droplet size distribution. Comparatively, a PDI 
measurement of closer to one (1.0) may indicate a large distribution of 
droplet sizes [40,41]. The NE measured the best PDI (closest to 0), 
characterising it as the most homogenous drug delivery vehicle with a 
narrow size distribution. The NE was followed by the EG, NEG and 
finally, the HG exhibited the poorest PDI, indicating that it was more 
heterogeneous with the largest size distribution. 

6.2.4. Zeta-potential 
The stability of a dispersion is function dependent on zeta-potential 

and it is a measure of the overall charges [42]. A satisfactory measure of 
zeta-potential is +30 mV or − 30 mV, which allows adequate electro
static repulsion, inhibiting aggregation within the drug delivery vehicle 
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[39,42]. All formulated drug delivery vehicles measured adequate 
zeta-potential measurements, deeming them all physically stable 
(illustrated in Table 2). The lowest zeta-potential measurement was 
recorded for the HG, followed by the EG, NEG and finally, the NE 
measured the largest zeta-potential. Carbopol® Ultrez 20 can improve a 
vehicle’s zeta-potential, which is evident in Table 2, where all vehicles 
containing Carbopol® Ultrez 20, demonstrated improved zeta-potential 
measurements compared to the NE, which lacked a gelling agent. 

6.2.5. Viscosity 
The viscosity of a transdermal delivery vehicle can influence its API 

delivery across the skin, directly influencing its API diffusion rate [43]. 
Each drug delivery vehicle measured different viscosity measurements 
(displayed in Table 2), due to their different components. All the vehi
cles that contained Carbopol® Ultrez 20 (the HGs, EGs and NEGs) 
measured higher viscosity measurements in comparison to the NEs. 
There was an increase in viscosity and elasticity noted once there was 
NaOH added to the vehicles containing Carbopol® Ultrez 20, since 
Carbopol® Ultrez 20’s reaches its maximum viscosity at a pH 

measurement of 6–7 [34,44]. The high viscosity measurement of each 
HG, EG and NEG may result in slower, more retarded API delivery 
through the skin [45], while the low viscosity of NEs circumvents coa
lescence between droplets and ensures their appeal in the industry [46, 
47]. 

6.2.6. Morphology 
TEM images of both NE and PNE exhibited the droplet size of both 

samples. Fig. 2 demonstrates that the droplets within the NE (Fig. 2a) 
were spherical in shape and did not suggest any coalescence, signifying 
the possible stability of the NE [48]. The TEM image of the NE validates 
the droplet size measurements (Table 2), as most droplets within NE 
measured within the nano-range (<100 nm). The PNE had larger droplet 
sizes than the NE, which may be due to the droplets being extremely 
close together, as seen in Fig. 2b and 2c. This may cause the destabili
sation of the nano-emulsion in the future due to Ostwald ripening [49]. 

6.2.7. Entrapment efficiency 
The entrapment efficiency was poor for all four NEs (NE1 to NE4), 

which might be attributed to colchicine’s hydrophilic nature, causing 
colchicine to move into the aqueous phase of each NE, resulting in less 
API within the oil phase, producing poor drug entrapment efficiency (%) 
[50]. However, NE4 (the final selected NE) exhibited the highest API 
entrapment efficiency (32.376%), followed by NE3 (31.281%), NE2 
(31.264%) and lastly, NE1 measured the poorest API entrapment at 
30.721%. 

6.3. Diffusion experiments 

6.3.1. Membrane release studies 
The membrane release studies used the median values of all the 

collected data (displayed in Table 3) for the discussion of the membrane 
release studies, as the median values were more accurate and less 

Fig. 1. Visual examination of the optimised drug delivery vehicles a) HG, b) EG, c) NE and d) NEG.  

Table 2 
A summary of each drug delivery vehicle’s characterisation.   

HG EG NE NEG 

pH 6.160 ±
0.020 

6.136 ± 0.015 6.300 ±
0.004 

6.177 ±
0.005 

Droplet size 
(nm) 

221.50 ±
22.60 

1331.00 ±
150.90 

96.48 ±
1.15 

211.00 ±
3.57 

PDI 0.518 ±
0.049 

0.342 ± 0.150 0.178 ±
0.002 

0.435 ±
0.111 

Zeta-potential 
(mV) 

− 88.8 ± 2.0 − 67.2 ± 0.7 − 34.9 ±
7.0 

− 58.3 ±
0.2 

Viscosity (cP) 6525.6 ±
297.6 

6367.4 ±
188.4 

64.0 ± 1.0 3233.4 ±
15.6  

Fig. 2. TEM micrographs of NE (a) and PNE (b and c).  
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affected by outliers [51]. Furthermore, Fig. 3 was included to display the 
membrane release results obtained. It is important to note that mem
brane release studies establish whether an API is released from its for
mulations, into which it is incorporated to ensure that skin diffusion 
studies can be conducted [14]. Through the comparison of the median 
flux (μg/cm2.h) values of each drug delivery vehicle, the conclusion was 
that the EG exhibited the highest flux through the membrane, followed 
by the NEG, NE and finally, the HG, which measured the lowest flux. 

The HG’s poor flux may be due to the PVDF membrane, which is a 
hydrophobic membrane that imposes the penetration of hydrophilic 
vehicles (such as the HG) [52]. Colchicine was dissolved in the aqueous 
phase of the HG (hydrophilic), which lacked an oil phase; therefore, the 
PVDF membrane may have limited the release of colchicine from this 
vehicle (which was extremely hydrophilic in comparison to the other 
three vehicles) to the receptor compartment, resulting in a lower flux. 

Between the flux of the NEG and NE, it is evident that the NEG 
demonstrated an improved median flux, which could be a result of its 
gelling agent, as this was the only difference between the two formu
lations. The incorporation of a NE into an emulgel system (producing a 
NEG) can influence the release of the API from its gel matrix. Ordinarily, 
a gel component within a formulation forms a film, which likely retards 
the flux of an API; however, there was no such experience in this study 
[53]. 

The EG’s superlative flux may be the result of colchicine’s improved 
aqueous solubility, as colchicine exhibited a better aqueous solubility (in 
UP water) compared to that of EPO. Colchicine was also included in the 
water phase of the EG for comparison purposes to the HG. Hence, col
chicines improved solubility in the aqueous phase of the EG may have 
significantly contributed in the EG’s high flux, as only the dissolved 
portion of an API in a drug delivery vehicle can cross the membrane 
[55]. 

A one-way ANOVA indicated a statistically significant difference in 
the flux values between the groups (p < 0.001). Consequently, the 
Bonferroni post-hoc test investigated the differences between each of the 
drug delivery vehicles and showed statistically significant differences for 
all the pairwise comparisons (p < 0.05), except between the NE and 
NEG, which measured a p-value of 0.438 (p > 0.05). It is unlikely, that 
the statistically significant data generated between all the pairwise 
comparisons, occurred randomly but can rather be attributable to a 
specific cause [56]. These specific causes may be due to the different 
drug delivery vehicles and their different formulation characteristics. 

Since all four vehicles successfully released colchicine from the 
formulation, there could be skin diffusion conducted. 

6.3.2. In vitro skin diffusion studies 
For accuracy purposes, the median values of all the collected data 

(displayed in Table 4) were used for the discussion of the in vitro skin 
diffusion studies [51]. Fig. 4 represents the skin diffusion data obtained 
during this study. 

The average and median flux (μg/cm2) of the HG and EG was 
determined over 6–12 h, oppositely, the average and median flux (μg/ 
cm2) for the NE and NEG was displayed at 4–10 h. According to their 
median flux (μg/cm2.h) values, the ranking for the diffusion of colchi
cine from the drug delivery vehicles can be in increasing order: EG <
NEG < HG < NE. 

The NE measured the superlative median flux compared to the other 
vehicles (HG, EG and NEG). The NEs improved flux may be due to the 
small droplet size of the NEs in comparison to the other vehicles. 
Through the facilitated API transport of nano-sized droplets, an 
improvement in the rate of permeation of colchicine through the skin’s 
barrier could be established [57]. Additionally, a NEs small droplet size 
can provide a substantial area for API permeation through the skin; 
subsequently, improving the concentration gradient of colchicine, 
resulting in its efficient transdermal drug delivery [58]. Moreover, due 
to a NEs possible hydration of the skin, improved penetration of 
colchicine may have occurred [59]. Additionally, one could attribute the 
decreased flux of the HG, EG and NEG (compared to the NE) to their 
gelling agent component. Through the addition of gelling agents (Car
bopol® Ultrez 20) to transdermal vehicles, there is a film-forming effect 
created on the skin [53], which functions as an external reservoir, 

Table 3 
Average and median flux values obtained from membrane release studies (n =
number of skin samples).  

Drug delivery 
vehicle 

n Average % 
release (%) 

Average flux (μg/ 
cm2.h) 

Median flux (μg/ 
cm2.h) 

HG 10 0.754 ± 0.133 41.976 ± 7.340 40.3278 
EG 11 0.868 ± 0.158 420.071 ±

46.730 
406.1751 

NE 11 2.959 ± 0.249 102.759 ±
10.840 

101.7896 

NEG 11 3.093 ± 0.519 123.080 ±
16.050 

124.6087  

Fig. 3. a) Average cumulative amount of colchicine released per area (μg/cm2) 
over 6 h during the membrane release studies from all the drug delivery ve
hicles, and b) box-plot displaying the average and median flux (μg/cm2.h) of 
colchicine for the drug delivery vehicles during the membrane release studies 
over a period of 6 h. 

Table 4 
Average and median flux values obtained from in vitro skin diffusion studies (n =
number of skin samples).  

Drug delivery 
vehicle 

n Average % 
release (%) 

Average flux (μg/ 
cm2.h) 

Median flux (μg/ 
cm2.h) 

HG 9 0.072 ± 0.020 1.8364 ± 0.500 2.1350 
EG 9 0.057 ± 0.010 1.5426 ± 0.300 1.5721 
NE 9 0.086 ± 0.028 2.8497 ± 0.010 2.8497 
NEG 8 0.058 ± 0.010 1.8293 ± 0.320 1.9123  
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causing a slow release of the API from the formulation into and through 
the skin [53]; subsequently, leading to a lower rate of diffusion (flux) of 
colchicine. 

The hydrophilic HG (lacking an oil phase) demonstrated the second 
highest flux and the superlative flux between the gel-containing vehicles 
(HG, EG and NEG). This was unexpected, as the stratum corneum is 
lipophilic in character and is predominantly a barrier against hydro
philic entities such as the HG [60]. The transappendageal route (through 
skin appendages i.e., hair follicles and sweat glands) plays an important 
role in the transdermal pathways for hydrophilic APIs (i.e., HGs), ions, 
polar molecules and high molecular weight compounds but due to its 
limited availability on the skin (0.1–1.0% of the total skin surface area), 
it was believed that a different pathway may also have been followed by 
the HG [61–63]. Water is the safest and most simple penetration 
enhancer and during this study, the skin was in contact with the hy
drophilic HG for a period of 12 h; thus, hydration of the skin occurred 
[64]. Through skin hydration, the lipophilic components of the skin 
become disrupted, improving the penetration of APIs and therefore, 
resulting in the HGs improved colchicine penetration through the skin 
[64,65]. In addition, colchicine (within the HG) was immediately 
available for diffusion into the skin compared to the EG and NEG 
(containing an oil phase), as colchicine within the HG did not need to 
partition through an oil phase (like the EG and NEG) before skin 
penetration could occur; therefore, resulting in the HGs improved skin 
penetration [63]. 

The median flux of NEG compared to that of the EG demonstrated 
improved skin penetration when compared to the EG counterpart. A 

possible reason for the enhanced permeation of the NEG, could be as a 
result of the droplet size [66], as the nano-droplets within the NEG 
tolerates a larger surface area for colchicine on the skin than the EG, 
resulting in a larger concentration gradient and finally, an improved 
delivery of colchicine across the skin [66]. 

Each drug delivery vehicle (average concentration diffused of HG 
(14.348 ± 4.027 μg/ml), EG (10.215 ± 2.051 μg/ml), NE (17.242 ±
5.553 μg/ml) and NEG (11.666 ± 2.028 μg/ml) was able to successfully 
surpass the suggested oral blood therapeutic dosing of colchicine, as 
described by Winek et al. as 0.0003–0.0300 μg/ml [67]. However, an 
important aspect to note of in vitro studies, is that the data cannot always 
correlate with the clinical situation (since skin activities like meta
bolism, enzymatic degradation, elimination, etc. are generally absent 
during in vitro skin diffusion studies) but should be a qualitative pre
diction [68]. 

A one-way ANOVA demonstrated a statistically significant difference 
in the flux values between the groups (p < 0.001); therefore, the Bon
ferroni post-hoc test was implemented to investigate the differences 
between each of the drug delivery vehicles. Statistical significances 
observed between the NE and both EG and HG was p < 0.05. 

6.3.3. Tape stripping 
The median concentration for both SCE and ED (Table 5) was used, 

since outliers affect the average concentration [51]. Fig. 5 displays a 
box-plot with the tape stripping data. 

When comparing the median concentration of colchicine in the SCE 
and ED for each drug delivery vehicle, it was determined that HG 
measured the largest concentration in the SCE and ED followed by EG, 
NEG and finally, NE, which measured the lowest concentration in both 
the SCE and ED. 

Regardless of the SCE’s lipophilic nature [60], the HG exhibited the 
largest median concentration within the SCE, which might be attributed 
to the HG’s hydration properties [65,69]. Through the hydration of the 
SCE, its lipid lamellar structure is disrupted, decreasing its barrier 
properties [59,70]. The result is visible in the swelling of the corneocytes 
within the skin’s intercellular spaces (cisternae), as water accumulates 
[70]. Furthermore, the skin was hydrated for 12 h during the in vitro skin 
diffusion study before tape stripping took place, which may further have 
facilitated and improved the diffusion of colchicine from the hydrophilic 
HG into the hydrated SCE (and therefore, more hydrophilic) [59,71]. 
Both the ED and HG are described as hydrophilic [11], which may 
explain the HGs largest concentration of colchicine delivered to the ED, 
as colchicine may have partitioned out of the HG (which does not have 
an oil phase) into the favourable hydrophilic ED [72]. 

All EPO containing vehicles (EG, NE and NEG) measured less 
colchicine within the SCE and ED than the HG. Although EPO was 
incorporated as an oil phase to act as a penetration enhancer to bypass 
the limitations of the SCE [73], the fact that the SCE was hydrated for 12 
h before tape stripping commenced may have resulted in a more hy
drophilic SCE. This may have resulted in the possible delay of the 
permeation of colchicine from the o/w type vehicles (which are more 
lipophilic in nature in comparison to the hydrophilic HG) into the hy
drated SCE (more hydrophilic due to accumulation of water) [70]. 

When comparing the results of the NE to those of the NEG, the NE 
measured a lower concentration of colchicine in both the SCE and ED, 
despite the only difference between the two vehicles being the inclusion 
of a gelling agent in the NEG. Although, colchicine was included in the 
oil phase of the NEG and NE, EPO still acted as a penetration enhancer, 
which allowed colchicine to penetrate the upper skin layer (SCE) and 
move into the ED [14]. The conclusion is that skin penetration en
hancers can either decrease the barrier properties of the skin or actively 
force the movement of APIs across the skin [68]. Additionally, it was 
also observed that when comparing the NE to the gel-containing vehi
cles (HG, EG and NEG), the NE still measured the lowest median con
centration in the SCE. This could most likely be due to the lack of gelling 
agent within the NE, as an addition of a thickening agent (such as in the 

Fig. 4. a) Average cumulative amount of colchicine diffused per area (μg/cm2) 
over 12 h during the in vitro skin diffusion studies from all the drug delivery 
vehicles, and b) box-plot displaying the average and median flux (μg/cm2.h) of 
colchicine for the drug delivery vehicles during the skin diffusion studies (in 
vitro) over a period of 12 h. 
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HG, EG and NEG) can increase a vehicle’s affinity towards the SCE [11]. 
The nano-sized drug delivery vehicles (NE and NEG) measured 

higher API concentrations within the both the SCE and ED, when 
compared to the semi-solid vehicles (HG and EG). It was expected that 
the smaller droplet sized vehicles, i.e., the NE and NEG, would have 
produced higher API concentrations within the SCE [74–77] than those 
with larger droplet sizes (HG and EG), but it was revealed the semi-solid 
vehicles (HG and EG) had higher concentrations of colchicine in the SCE 
than the nano-sized vehicles (NE and NEG). 

Finally, when comparing the EG to the NEG, both of which 
compromised emulgels, the EG measured a larger concentration of 
colchicine within the SCE and ED, than that of the NEG. The EGs su
perlative colchicine concentration in both skin layers may be due to the 
colchicine being incorporated in the water phase of the EG, while the 
colchicine was incorporated in the oil phase of the NEG. Therefore, the 
colchicine in the water phase of the EG will be readily available for skin 
penetration into the hydrated SCE, while the colchicine within the NEG 
will first have to partition out of the oil phase (EPO) before being 
available for skin penetration, delaying the permeation of colchicine 
into the SCE [63]. 

A two-way ANOVA was required to determine statistically significant 
differences; however, there was only a statistical significance between 
the formulation types (p < 0.05) and not the tape stripping methods 
(SCE and ED) (p > 0.05), which indicates that each drug delivery vehicle 
affected the tape stripping data. Thereafter a Bonferroni post-hoc test 
determined the comparison of the mean concentration of colchicine 
from each drug delivery vehicle and not the tape stripping methods (SCE 
and ED). There were statistically significant differences measured be
tween the HG and NE, as well as the HG and NEG (p < 0.05), which 
concluded that the drug delivery vehicles affected the data and were not 
a cause of random circumstance [56]. 

6.3.4. In vitro cytotoxicity assays 
The calculation of the viability of the cell cultures was relative to the 

untreated cell control, indicated as 100% viability [78]. The %viable 
cells were subtracted from the initial concentration of viable cells 
(100%), forming a regression line. Fig. 6 (HaCaT cell line) and Fig. 7 
(BJ-5ta cell line) present the results expressed as graphs. 

6.3.5. Methylthiazolyl tetrazolium (MTT) assay 
Most of the HaCaT cells treated with NE exhibited no cytotoxicity 

(>80% cell viability). However, the HaCaT cells treated with 7.5 μg/ml 
NE, exhibited weak cytotoxicity (%cell viability of 60–80%) [79]. The 
PNE treated HaCaT cells showed no toxicity, as %cell viability across all 
concentrations was above 80% [79]. The HaCaT cells treated with the 
API exhibited weak cytotoxicity (%cell viability between 60 and 80%) at 
concentrations of 7.5, 12.5 and 15.0 μg/ml. However, the HaCaT cells 
treated with other concentrations of the API showed no cytotoxicity 
(80% cell viability) [79]. The BJ-5ta cells treated with the NE, PNE and 
API showed no cytotoxicity as all concentrations of NE, PNE and API 
exposed to the BJ-5ta cells resulted in a %cell viability >80% [79]. 

Table 5 
Tape stripping data of the different drug delivery vehicle (n = number of skin samples).  

Drug delivery 
vehicle 

n Average concentration in SCE (μg/ 
ml) 

Median concentration in SCE (μg/ 
ml) 

Average concentration in ED (μg/ 
ml) 

Median concentration in ED (μg/ 
ml) 

HG 9 1.856 ± 1.205 1.362 1.576 ± 1.222 1.232 
EG 9 1.327 ± 0.383 1.296 1.052 ± 0.468 0.864 
NE 9 0.457 ± 0.096 0.420 0.426 ± 0.410 0.364 
NEG 8 0.545 ± 0.261 0.563 0.651 ± 0.320 0.475  

Fig. 5. Box-plot displaying the average and median concentration (μg/ml) of 
colchicine from the different drug delivery vehicles that was delivered in the 
SCE and ED after each 12 h skin diffusion study. 

Fig. 6. %Cell viability of the HaCaT cells after a 12 h exposure to the different 
concentrations (μg/ml) of the NE, PNE and API treatments during the a) MTT- 
and b) NR-assays. 
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6.3.6. Neutral red assay 
HaCaT and BJ-5ta cells treated with NE, PNE and API showed no 

toxicity, as %cell viability across all concentrations (2.5–20.0 μg/ml) 
was >80% [79]. 

7. Conclusion 

Colchicine showed good lipophilic and hydrophilic properties ac
cording to its log D value; therefore, deeming it an ideal API for incor
poration into four diverse transdermal drug delivery vehicles [28]. 
Colchicine was released from each drug delivery vehicle (HG, EG, NE 
and NEG) during the membrane release studies, which allowed colchi
cine to be successfully delivered through the skin (in vitro skin diffusion 
studies) and penetrate the skin’s (SCE and ED). The NE was the most 
successful drug delivery vehicle to penetrate the skin (superlative skin 
flux and poor colchicine concentration within the SCE and ED), 
concluding that due to its nano-droplet size, it was able to penetrate 
deeper levels of the skin and deliver colchicine successfully to the sys
temic circulation [57,80]. The HG demonstrated the second highest flux 
during the in vitro skin diffusion studies. Due to the HG’s large aqueous 
phase, hydration of the SCE could occur improving the flux of colchicine 
[36,70,71]. However, due to the hydration of the SCE (resulting in water 
accumulation within the cisternae) and hydrophilic nature of the ED, the 
HG measured the largest concentration of colchicine within both skin 
layers (SCE and ED), as it was able to diffuse into its preferred envi
ronment [36,70–72]. The NEG produced average results with regard to 
both its transdermal and topical delivery of colchicine, as it measured 
the third highest median flux through the skin and the second lowest 
concentration of colchicine within both the SCE and ED. The gelling 

agent within the NEG, formed a film-like layer on the skin, which may 
have retarded the release of colchicine from the NEG, as the 
film-forming layer on the skin possibly caused a reservoir effect, slowly 
releasing colchicine into the SCE, ED and finally, through the skin into 
the systemic circulation [53,54]. 

This study concluded that the solubility of an API within transdermal 
drug delivery vehicles and well as the drug delivery formulation plays an 
integral role in the ability of colchicine to be delivered into and through 
the skin [64,81]. 

Lastly, the cytotoxicity studies of the API, PNE and NE (at selected 
concentrations that diffused into and through the skin) concluded weak 
to no cytotoxic effects, as the MTT-assay determined that the PNE 
showed no cytotoxicity, while the NE and API exhibited weak to no 
cytotoxicity [79]. Furthermore, the three treatment groups (NE, PNE 
and API) showed no cytotoxicity on both HaCaT and BJ-5ta cell lines 
through the NR-assay. 
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